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Abstract
Purpose
We aimed to develop a prediction MammaPrint (MMP) genomic risk assessment nomogram model for
hormone-receptor-positive and human epidermal growth factor receptor-2 (HER2)-negative breast cancer
and minimal axillary burden (N0-1) tumors using clinicopathological factors of patients who underwent
an MMP test for decision making regarding adjuvant chemotherapy.

Methods
A total of 409 T1-3 N0-1 M0 hormone receptor-positive and HER2-negative breast cancer patients whose
MMP genomic risk results were available at Asan Medical Center from 2017 to 2020 were enrolled.
Patients were randomly assigned to training and validation subsets and logistic regression was
performed.

Results
The primary cohort (n = 409) included 216 (53.1%) T2-3 and 388 (94.8%) N1 patients. No patients were
estrogen-receptor-negative or -weak, 175 (42.7%) had a high proliferation index (Ki-67 ≥ 20%), and 225
(55.0%) were premenopausal. Multivariate analysis revealed that the age at diagnosis, progesterone
receptor (PR) score, nuclear grade, and Ki-67 were significantly associated with MMP risk results. We
developed an MMP low-risk predictive nomogram. The area under the receiver operating characteristic
curve was 0.82 (95% confidence interval [CI], 0.77 to 0.87). When applied to the validation group, the
nomogram was accurate with an area under the curve of 0.77 (95% CI, 0.68 to 0.86).

Conclusion
Our nomogram, which incorporates four traditional prognostic factors, i.e., age, PR, nuclear grade, and Ki67, could predict the probability of obtaining a low MMP risk in a cohort of intermediate clinical risk
patients. This nomogram can aid the selection of patients who need additional MMP testing.

Introduction
The decision as to whether administer adjuvant chemotherapy for hormone receptor-positive and human
epidermal growth factor receptor 2 (HER2)-negative breast cancer is becoming increasingly complex. In
patients who are positive for hormone receptor and negative for HER2, this decision is made by predicting
the prognosis using genomic analysis of individual tumor cells, besides considering the previously known
prognostic factors [1–4]. Cancer treatment guidelines recommend the use of genomic tests such as
Oncotype DX for analyzing how a set of genes can affect cancer prognosis; the results of these tests
enable decision making regarding the use adjuvant chemotherapy for patients without lymph node
metastasis [5–7]. In addition to Oncotype DX, MammaPrint (MMP), a 70-gene-signature‒based test is
recommended for patients with minimal nodal involvement (N0-1)[8]. Until we obtain stronger evidence
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for the use of Oncotype DX in patients with axillary node metastasis (RxPONDER) [9], MMP is
recommended for making a decision regarding the use of adjuvant chemotherapy with the highest
evidence level for hormone receptor positive, HER2 negative, and node positive breast cancer irrespective
of menopausal status [10].
Nowadays, genomic assays play an important role in decision making regarding adjuvant treatment and
their use has become a standard procedure. However, these also have some disadvantages. Recent
reports have revealed a long-term survival benefit in premenopausal women with intermediate Recurrence
Score or in a clinical high/genomic low risk group treated with adjuvant chemotherapy [5, 11]. Thus, by
not considering the clinical factors and instead using individual cancer genes, the tools developed to
simplify cancer treatment are now leading us back to the era when clinicopathological factors were
important. Additionally, the cost of genomic assays can be a burden for patients who are not covered by
medical insurance. Therefore, we had created a nomogram for predicting Oncotype DX Recurrence Score
3 years ago [12], and initiated an effort to provide clinicians with an easier decision making process
regarding adjuvant chemotherapy, thereby aiding the treatment of patients who are not able to afford the
expenditure associated with genomic tests.
The purpose of this study is to develop a nomogram model for MMP genomic risk assessment in
patients with hormone receptor positive, HER2 negative, and minimal axillary burden (N0-1) breast cancer
by using widely used clinicopathological factors for predicting breast cancer outcomes in a subset of
patients subjected to the MMP test to enable decision making regarding adjuvant chemotherapy.

Materials And Methods

Patient selection and pathology variable selection
The primary cohort was selected through the evaluation of the initial record of all T1-3N0-1M0 hormone
receptor-positive and HER2-negative breast cancer patients whose tumor tissues were analyzed using the
MMP test between 2017 and 2020 at Asan Medical Center, Seoul, Republic of Korea. A study data set of
409 cases with available MMP test results was used to build the prediction models. A total of 312
patients were selected for the training group and 97 patients were selected for the validation group in the
primary cohort. The clinical data of the patients were obtained from the electronic medical records.
Clinical information, including patient age, tumor size, lymph node (LN) status, pathological stage,
histological grade, nuclear grade, lymphovascular invasion (LVI), Ki-67, p53, and molecular subtypes
according to the ER, PR, and HER2 status based on immunohistochemistry or fluorescence in situ
hybridization were obtained. Immunohistochemistry for ER, PR, HER2, and Ki-67 and in situ hybridization
for HER2 were performed at the Asan Medical Center pathology laboratories.

Statistical analysis
MMP test results were categorized as low or high recurrence risk. Chi-square test and Fisher’s exact test
were used to compare the MMP results among clinicopathological characteristics. Initial variable
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selection was performed on the basis of univariate linear regression in development samples. Stepwise
multiple logistic regression analysis was used to develop a predictive model for a low risk of MMP
results. Four factors, including age at diagnosis (20–100), nuclear grade (range, 1‒3), Allred scores for
PR status (range, 0‒8) and Ki-67 labeling index (0‒100) were found to contribute significantly by the
multivariate logistic regression model. We conducted a robustness analysis to validate our model by
employing a random sampling validation procedure. We randomly partitioned the data into two subsets
where the sample size was 312:97 at a ratio of 7:3, ran each random effect logistic regression using the
training and test sets, employed the receiver operating characteristic curve analysis, and calculated the
area under the curve (AUC). All data analyses were performed using R statistical package ver. 3.2.0
(http://r-project.org). Significance level was set at 0.05 and all p-values were two-sided.

Ethical statement
The project was performed in accoardance with the Declaration of Helsinki and the relevant guidelines
and regulation, reviewed and approved by the Asan Medical Center institutional review board (20200037). Due to the retrospective nature of the study, the requirement for informed consent was waived and
approved by Asan Medical Center institutional review board.

Results
Baseline characteristics
Data from patients (n = 409) whose tumor tissues were analyzed using the MMP test were used to
develop the nomogram for predicting patients with a low risk of MMP. A detailed comparison of the
clinical characteristics of all patients based on the MMP results is shown in Table 1. The average age at
diagnosis was 53.3 ± 9.3 years in the MMP low-risk group vs. 47.9 ± 9.8 years in the MMP high-risk group
(p < 0.001) and the average tumor size was 2.2 ± 1.1 cm vs. 2.4 ± 1.0 cm, p = 0.018. In the MMP high-risk
group, a significantly higher rate of histological and nuclear grade and a higher Ki-67 level (≥ 20%), all p <
0.001, were observed. With respect to the receptor status, most of the patients had a strong Allred score
(7–8) of ER. In the MMP high-risk group, 6 patients (3.6%) had an intermediate ER score (5‒6) compared
with 2 (0.8%), in the low-risk group. None of the patients had a negative (0‒2) or weak positive (3‒4) ER
score. MMP low-risk group had a better strong PR status (7‒8) rate (68.8%) compared with the MMP lowrisk group (53.3%) and a lower rate of negative or weak PR status, p < 0.001. No difference was seen in
the surgical methods. More T2 tumors in the high-risk group (46.2% vs. 58.7%, p = 0.045) without any
significant difference in the pathological N stage and final stage were observed. There was no significant
difference in the number of positive nodes, p = 0.942; however, MMP high-risk group had a slightly larger
size of positive nodes (5.4 ± 3.9 mm vs. 6.3 ± 4.8 mm, p = 0.042). More women in the high-risk group were
premenopausal (66.9%, p < 0.001).

Development of model predicting MMP results
We randomized the data into two groups of random sizes of about 312 patients at a ratio of 7:3 to
develop nomograms. Detailed clinical characteristics of patients included in the training cohort and
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internal validation cohort are shown in Table 2. There were no significant differences in the clinical
characteristics between these two cohorts. In multivariate analysis, patient age at diagnosis, nuclear
grade, PR, and Ki-67 were all found to be independent predictors of MMP low risk in this population. The
odds ratio and coefficient associated with four significant factors in the multivariate model are shown in
Table 3. A strong PR status was a positive effect, and a higher nuclear grade, younger age, and a higher
Ki-67 were negative effects in the MMP low-risk group. The significant variables of the explanatory model
were used to develop a nomogram to predict low risk of MMP (Fig. 1). Values lower than 0.1 and higher
or equal to 0.9 were not displayed. The total scores for individual patients ranged from 81 to 189. The
overall predictive accuracy of the nomogram was measured based on the AUC, which was 0.82 (95%
confidence interval [CI], 0.77 to 0.87) for the training dataset of 312 patients, and 0.77 (95% CI, 0.68 to
0.86) for the internal validation dataset of 97 patients (Fig. 2).

Sensitivity, specificity and positive and negative predictive values
Table 4 shows the sensitivity, specificity, and positive and negative predictive values according to each
cutoff value. Each probability shown in the table represents the cutoff value of different probabilities of
obtaining a low-risk MMP results; for example, when we apply a probability of 90% as a cutoff for binary
risk results, it means that the nomogram results higher than 90% will have a higher chance of being
associated with actual MMP low risk; the specificity, sensitivity, positive predictive value (PPV), and
negative predictive value (NPV) are shown. A positive predictive value refers to the ability to predict MMP
low risk without MMP testing. Based on our results, use of a low cutoff value strongly predicted the
actual MMP high s risk, with 0.90 (38/42) PPV and 98% sensitivity. With a high cutoff value of 90%, we
predicted an actual low-risk MMP result with an NPV of 0.89 (4/34) and a 98% specificity. The specificity
rate was also determined to investigate the clinical utility of the nomogram.

User-friendly calculator
The results obtained from our analysis were used to develop a user-friendly calculator using Microsoft
Excel worksheets (Fig. 3). The interface allows the user to input the values of age at diagnosis, PR Allred
score (0‒8), Ki-67 level as a percentage, and nuclear grade (1‒3). The standard output includes an
estimate of the probability of detecting low MMP risk when actually tested. Our algorithm seems to help
clinicians in identifying patients with a higher chance of getting a low risk or high risk MMP test and for
whom gene testing accessibility is low.

Discussion
MMP is the one of the most widely used genomic assays for breast cancer testing in the world, especially
for patients with one to three positive nodes. The recent National Comprehensive Cancer Network (NCCN)
guideline recommends clinicians to consider MMP testing for decision making regarding adjuvant
systemic chemotherapy with evidence of category 1, for patients with ER/PR positive, HER2 negative, and
with negative or positive (1‒3) node metastasis breast cancer [8]. Although according to interim analysis
of RxPONDER trial, the guideline recommends Oncotype DX for same subset of patients, however the
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interpretation of the results in premenopausal patients in complex. [9] The use of genomic signatures is
recommended for this subset of patients by national and international clinical guidelines, i.e., St. Gallen
Consensus Conference, European Society for Medical Oncology (ESMO), and American Society of Clinical
Oncology [13–15]. However the economic burden on patients makes clinicians hesitate to recommend
genomic testing. Although reports on the cost effectiveness of MMP show that MMP safely guided
chemotherapy de-escalation in clinical high-risk patients with HR+/HER2- tumors compared (compared to
clinical assessment alone) [16], the cost of MMP in South Korea (approximately $3,200) can still be a
burden for patients. As this test originally designed in foreign countries, the South Korea National Health
Insurance does not cover the test, only a few private health insurance companies covers MMP. Therefore,
MMP imposes an economic burden in South Korea, regardless of whether patients have private insurance
or not. This study was performed to evaluate MMP risk assessment, which was based on routine
standard patient and tumor characteristics. Similar prediction models have been developed using
clinicopathological data [17] or radiological phenotype results [18]. However, the best way to link these
results with clinical practice has not yet been identified. We found that using this prediction tool with
simple four combined clinicopathological factors can aid decision-making and serve as an alternative to
the costly MMP test for patients by predicting high- or low-risk MMP results.
Four clinicopathological variables were used in our model, age, nuclear grade, PR, and Ki-67. The values
for the latter three variables can be easily determined through examination in any pathological laboratory
in health care centers and were used to predict prognosis before the gene testing era. Here, the Allred
score of ER was not included in the final model because most of the patients had high (7‒8) ER scores
with variation in the PR status only. This implies that clinicians have a tendency to perform fewer
genomic tests to decide on adjuvant chemotherapy administration for patients with weak to intermediate
ER scores (3‒6)[19, 20]. A higher ER status is related to a higher endocrine response and a lower
chemotherapy response [21]. In contrast, a low ER status is known to be associated with a low
chemotherapy response, which is similar to negative ER tumors, compared with strong ER-positive tumors
in neoadjuvant settings [22]. PR status can also be used to predict the endocrine and chemotherapy
responses. By analyzing 77 invasive breast cancers and their PR status and 21-gene testing recurrence
score results, a strong negative correlation between both factors was revealed [20].
Another important clinical factor according to our model was the age at diagnosis. A negative
association was observed between younger patients and a high nomogram score. The chemotherapy
benefit for invasive disease-free survival varied when the recurrence score was combined with age (p =
0.004), with some chemotherapy benefits found in women < 50 years with a recurrence score of 16–25
[5]. According to a recent update on the long-term results of MINDACT trial (EORTC 10041/BIG3-04)
presented at the American society of clinical oncology annual meeting in 2020, there is an absolute 5% ±
2.8% distant metastasis free survival gain with adjuvant chemotherapy in premenopausal women with a
discordant clinical and genomic risk (clinical high risk/genomic low risk) [11]. The authors suggested that
this result is due to chemotherapy-induced ovarian function suppression. In a recent phase III trial of
1,483 premenopausal women with ER-positive breast cancer with neoadjuvant or adjuvant chemotherapy,
patients who recovered their ovarian function after chemotherapy showed a better overall survival upon
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adding ovarian function suppression with tamoxifen (compared with the tamoxifen-alone group) [23].
According to our prediction model, age was the second most powerful predictor of MMP risk results.
Younger patients had a higher probability of receiving MMP high-risk results. These results should be
interpreted with caution as even the same genomic scores can differ in their long-term outcome based on
age. The recent analysis of MINDACT trial revealed that there was no significant difference in the longterm outcome between clinical-low/genomic-low risk and clinical-low/genomic-high risk groups. When
applied to our model, if the clinicopathological indicators other than age are positively correlated with a
low risk, endocrine and ovarian function suppression would be a better option than MMP or
chemotherapy.
In our previous study on a prediction model for Oncotype DX recurrence score [12], Ki-67 was most
strongly related to the Recurrence Score. The role of Ki-67 as an indicator of poor prognosis in the
Oncotype Dx gene assay is well-known [24–27]. Similarly, a current study also revealed that a higher Ki67 level was closely associated with MMP high risk. Ki-67 itself can be a strong prognostic index;
however, recent analyses on intermediate Ki-67 and MMP results showed that for the patients with a low
Ki-67 (< 15%) or a high Ki-67 (> 30%), the risk results of the MMP test mostly agreed with the Ki-67 level,
while for the patients with an intermediate Ki-67 value (15‒30%), they were discordant with the MMP risk
result [28]. It is expected that with a definitely high Ki-67, clinicians would be reluctant to forego adjuvant
chemotherapy or make a decision after MMP testing. When we looked up our data closely, in 175 Ki-67
high (≥ 20%) patients, 135 patients (77.1%) had an intermediate Ki-67 level (20‒40) and only 40 patients
(22.8%) had a Ki-67 level > 40. Our prediction model would give clinicians a better decision guide for a low
to intermediate Ki-67 level, combined with the other factors. Grade has also been long regarded as a
prognostic indicator of breast cancer outcome [29] by Nottingham Prognostic Index, whose association
with genomic assays is proven [30].
This study has some strength. The majority of the patients were (94.8%) node positive, with up to three
lymph nodes. The final results of the lymph-node-positive population with an Oncotype DX recurrence
score (RxPONDER) [31] are pending, MMP is the only recommended genomic assay, in accordance with
evidence category 1 in NCCN guideline regardless of menopausal status. We also analyzed age, which
plays a key role in interpreting two major genomic tests according to recent publications [5, 11], making
the decision to de-escalate treatment by adding ovarian suppression to conventional endocrine therapy—
instead of chemotherapy—making it much easier for clinicians who hesitate to test premenopausal
patients who can hardly afford the genomic testing. The MINDACT trial for MMP mainly comprised
Caucasians [32], requiring the acquisition of more data by doing a retrospective analysis on Asian
populations. Our nomogram can provide additional information to clinicians in Asian countries who are
planning to use genomic assays to de-escalate or escalate adjuvant therapy. We also offer a user-friendly
interfaced calculator with simple four robust factors which can be widely used by clinicians. This study
has also some limitations. Due to its retrospective nature, our study might have selection bias with
respect to the nature of the primary population, i.e., patients with a low MMP risk. However, this is also a
strength, as this population reflects a subset about which clinicians ponder for performing MMP testing.
Also, there is a concern that reproducibility of Ki-67 level due to variability of the assay which has not
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been validated by the St. Gallen guidelines. Because a prediction nomogram will never produce the same
result as a genomic test, we suggest that the purpose of using this nomogram should be to decide on
whether to perform genomic test for intermediate risk patients who cannot afford the associated medical
expense. Further, the study endpoint was set based on the result of MMP, not the subsequent outcome of
the patient. we recommend that clinicians interpret and apply the nomogram results carefully after
sufficient agreement with patients.
In conclusion, our nomogram, which predicts a low-risk MMP result, will be a useful tool to help select
patients with HR+/HER2- and node-positive tumors who may or may not need additional MMP testing,
especially with intermediate clinicopathological characteristics. It may also be a useful replacement for
MMP testing in cases where genomic testing can be costly or when MMP testing is not available.
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Table 1
Baseline characteristics of the patient cohort
Variables

Age at diagnosis (mean ± SD *)

MMPa low-risk

MMPa high-risk

(N = 240)

(N = 169)

N (%)

N (%)

53.3 ± 9.3

47.9 ± 9.8

Histological grade

< 0.001
< 0.001

- grade I

19 (8.0%)

3 (1.8%)

- grade II

218 (90.8%)

139 (82.2%)

- grade III

3 (1.2%)

27 (16.0%)

Nuclear grade

< 0.001

- grade I

2 (0.8%)

0 (0.0%)

- grade II

235 (97.9%)

140 (82.8%)

- grade III

3 (1.3%)

29 (17.2%)

Estrogen receptor

< 0.001

- negative

0 (0.0%)

0 (0.0%)

- weak

0 (0.0%)

0 (0.0%)

- intermediate

2 (0.8%)

6 (3.6%)

- strong

238 (99.2%)

163 (96.4%)

Progesterone receptor

< 0.001

- negative

16 (6.6%)

21 (12.4%)

- weak

12 (5.0%)

25 (14.8%)

- intermediate

47 (19.6%)

33 (19.5%)

- strong

165 (68.8%)

90 (53.3%)

Lymphovascular invasion

< 0.001

- negative

147 (61.2%)

67 (40.4%)

- positive

93 (38.8%)

99 (59.6%)

p-53
−0

p-value

< 0.001
78 (32.5%)
Page 13/21

56 (33.1%)

Variables

MMPa low-risk

MMPa high-risk

(N = 240)

(N = 169)

−1

109 (45.4%)

51 (30.2%)

−2

43 (17.9%)

33 (19.5%)

−3

10 (4.2%)

29 (17.2%)

Ki-67 level

p-value

< 0.001

- low Ki-67 < 20%

177 (73.8%)

57 (33.7%)

- high Ki-67 ≥ 20%

63 (26.2%)

112 (66.3%)

Breast surgery

0.675

- total mastectomy

69 (28.8%)

44 (26.3%)

- breast conservation surgery

171 (71.2%)

123 (73.7%)

Axillary operation

0.056
N (%)

N (%)

- axillary dissection

3 (1.3%)

0 (0.0%)

- sentinel node biopsy

133 (55.6%)

78 (46.7%)

- axillary dissection after sentinel node biopsy

103 (43.1%)

89 (53.3%)

T stage

0.045

- T1

124 (51.7%)

67 (40.1%)

- T2

111 (46.2%)

98 (58.7%)

- T3

5 (2.1%)

2 (1.2%)

N stage

0.416

- N0

9 (3.8%)

10 (6.0%)

- N1

231 (96.2%)

157 (94.0%)

Stage

0.449

- Stage I

31 (12.9%)

16 (9.6%)

- Stage II

204 (85.0%)

149 (89.2%)

- Stage III

5 (2.1%)

2 (1.2%)

Tumor size (cm) (mean ± SD*)

2.2 ± 1.1

2.4 ± 1.0

Number of positive nodes

0.018
0.942
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Variables

MMPa low-risk

MMPa high-risk

(N = 240)

(N = 169)

−0

9 (3.8%)

8 (4.8%)

−1

150 (62.5%)

105 (62.9%)

−2

66 (27.5%)

45 (26.9%)

−3

15 (6.2%)

9 (5.4%)

Largest positive node size (mm)

5.4 ± 3.9

6.3 ± 4.8

Menopausal status

0.042
< 0.001

- premenopause

112 (46.7%)

113 (66.9%)

- postmenopause

128 (53.3%)

55 (32.5%)

- unknown

0 (0.0%)

1 (0.6%)

a MMP:

p-value

MammaPrint; *SD : standard deviation
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Table 2
Characteristics of Validation and Training groups.
Variables

Age at diagnosis (mean ± SD *)

Validation set

Training set

(N = 97)

(N = 312)

N (%)

N (%)

51.1 ± 10.3

51.1 ± 9.8

MammaPrint results

p-value

0.989
0.297

- low risk

52 (53.6%)

188 (60.3%)

- high risk

45 (46.4%)

124 (39.7%)

Histological grade

0.818

- grade I

4 (4.1%)

18 (5.8%)

- grade II

86 (88.7%)

271 (86.9%)

- grade III

7 (7.2%)

23 (7.3%)

Nuclear grade

0.662

- grade I

1 (1.0%)

1 (0.3%)

- grade II

89 (91.8%)

286 (91.7%)

- grade III

7 (7.2%)

25 (8.0%)

Estrogen receptor

0.686

- negative

0 (0.0%)

0 (0.0%)

- weak

0 (0.0%)

0 (0.0%)

- intermediate

1 (1.0%)

7 (2.2%)

- strong

96 (99.0%)

305 (97.8%)

Progesterone receptor

0.072

- negative

15 (15.5%)

22 (7.1%)

- weak

6 (6.2%)

31 (9.9%)

- intermediate

20 (20.6%)

60 (19.2%)

- strong

56 (57.7%)

199 (63.8%)

Lymphovascular invasion

0.797

- negative

49 (51.0%)
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165 (53.2%)

Variables

- positive

Validation set

Training set

(N = 97)

(N = 312)

47 (49.0%)

145 (46.8%)

p-53

p-value

0.289

−0

37 (38.1%)

97 (31.1%)

−1

38 (39.2%)

122 (39.1%)

−2

17 (17.5%)

59 (18.9%)

−3

5 (5.2%)

34 (10.9%)

Ki-67 level

0.999

- low Ki-67 < 20%

56 (57.7%)

178 (57.1%)

- high Ki-67 ≥ 20%

41 (42.3%)

134 (42.9%)

Breast surgery

0.528

- total mastectomy

24 (24.7%)

89 (28.7%)

- breast conservation surgery

73 (75.3%)

221 (71.3%)

Axillary operation

0.927

- axillary dissection

1 (1.0%)

2 (0.6%)

- sentinel node biopsy

50 (51.5%)

161 (52.1%)

- axillary dissection after sentinel node biopsy

46 (47.5%)

146 (47.3%)

T stage

0.836

- T1

46 (47.4%)

145 (46.8%)

- T2

50 (51.5%)

159 (51.3%)

- T3

1 (1.1%)

6 (1.9%)

N stage

0.571

- N0

3 (3.1%)

16 (5.2%)

- N1

94 (96.9%)

294 (94.8%)

Stage

0.808

- Stage I

12 (12.4%)

35 (11.3%)

- Stage II

84 (86.6%)

269 (86.8%)

- Stage III

1 (1.0%)

6 (1.9%)
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Variables

Tumor size (cm) (mean ± SD*)

Validation set

Training set

(N = 97)

(N = 312)

2.2 ± 1.1

2.3 ± 1.1

p-value

0.678

Number of positive nodes

0.340

−0

1 (1.0%)

16 (5.2%)

−1

61 (62.9%)

194 (62.5%)

−2

29 (29.9%)

82 (26.5%)

−3

6 (6.2%)

18 (5.8%)

Largest positive node size (mm)

6.4 ± 4.9

5.6 ± 4.1

0.112

Menopausal status

0.850

- premenopause

53 (54.6%)

172 (55.1%)

- postmenopause

44 (45.4%)

139 (44.6%)

- unknown

0 (0.0%)

1 (0.3%)

*

SD : standard deviation
Table 3
Multivariate logistic regression model

Variables

Multivariate model

βcoefficient

Standard
error

Z
score

p-value

95% confidence
interval

Age

0.653554

0.016

3.92

0.000

0.032 — 0.098

Progesterone receptor
status

0.1812972

0.780

-5.61

0.005

0.054 — 0.307

Nuclear grade

-2.223743

0.064

-2.85

0.004

-3.754 — 0.693

Ki-67

-0.0686273

0.012

1.06

0.000

-1.687— -0.044
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Table 4
Sensitivity, specificity, positive predictive, and negative predictive values according to various cutoff
values
Probability
(%)
10

35

55

80

87

90

a PPV:

Low risk of MMP
(N)

High risk of MMP
(N)

236

131

4

38

229

99

11

70

206

61

34

108

109

18

131

151

59

9

181

160

34

4

206

165

Sensitivity

Specificity

PPVa

NPVb

(%)

(%)

(%)

(%)

98

22

90

64

95

46

86

70

86

64

76

77

45

89

54

86

25

95

47

87

14

98

44

89

positive predictive value; bNPV: negative predictive value

Figures
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Figure 1
Nomogram to predict a MammaPrint low risk. Age, Progesterone receptor, nuclear grade, and Ki-67 levels
were finally selected to develop the model
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Figure 2
Receiver operating characteristic curve of nomogram. (a) Training group of 312 patients. (b) Validation
group of 97 patients

Figure 3
Automatic calculator using Microsoft Excel worksheets
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