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Patient- and tumour-related variables that are associated with the outcome of the
MammaPrint: a registry-based analysis.

Abstract

Background: The MammaPrint can have added value for early stage breast cancer patients at clinical
intermediate risk for recurrence, in whom on the basis of clinical variables cannot be determined if
chemotherapy is beneficial. Given the fact that the MammaPrint is used within a very broad patient group,
we aimed to identify patient-and tumour-related variables that are associated with the outcome of the
MammaPrint, with the ultimate aim to identify specific subgroups within the early stage breast cancer
patients at clinical intermediate risk, in whom the MammaPrint may be omitted because their genomic risk
outcome can be predicted.

Methods: This study included all operated women younger than 70 years who where diagnosed with ER
positive, HER2 negative breast cancer between 2011 and 2017, that had the following characteristics:
either pT2NO, grade 1 or pT1NO, grade 2 and >34 years or pN1, grade 1 or 2 and >34 years. This
population was divided in two cohorts, cohort one included patients who did not receive the MammaPrint
and cohort two included patients who did receive the MammaPrint. The split sample method was used,
80% of cohort two was used to fit a multivariable logistic regression model to identify variables associated
with the genomic high or genomic low risk outcome of the MammaPrint. The other 20% was used for
internal validation. The area under the receiver operating characteristic curve, sensitivity, specificity,
positive predictive value and negative predictive value were used to assess discriminative power and the
Hosmer-lemeshow and the Brier test were used to assess calibration. Two-sample proportion tests were
used to compare the likelihood of receiving chemotherapy treatment between cohort one and cohort two.
Results: PR status, differentiation grade, histological type and detection through screening were
significantly associated with the MammaPrint outcome. The ROC curve (0.62) of this model showed a poor
discriminative power. The Hosmer-lemeshow and Brier test showed good calibration for the validation
model. Patients with a probability <10% of a genomic high risk (MammaPrint) outcome show a lower
percentage chemotherapy (13.3%) when they received the MammaPrint, compared to 33.7% of the
patients not receiving the MammaPrint. On the contrary, of the patients with a probability of 40-50%, 35.7%
had chemotherapy when they received the MammaPrint, compared to 19.7% when they did not receive
the MammaPerint.

Conclusion: This study shows that clinicopathological variables alone cannot accurately predict the
outcome of the MammaPrint within the early stage breast cancer patients at clinical intermediate risk. In
addition, some results may indicate possible overtreatment with adjuvant chemotherapy in some patient
groups and undertreatment in other patient groups within these early stage breast cancer patients. This
confirms that the MammaPrint is an important additional test for early stage breast cancer patients at
clinical intermediate risk, to be able to make well informed treatment decisions.

Key words: MammaPrint, breast cancer, prediction model, chemotherapy, clinicopathological variables,
gene expression profile.

Abbreviations: HER2, human epidermal growth factor receptor 2; ER status, estrogen receptor status; PR
status, progesterone status; DCIS, ductal carcinoma in situ; GEP, gene expression profile; AUC, area
under the curve; ROC, receiver operating characteristic; PPV, positive predictive value; NPV, negative
predictive value.



Introduction

The administration of adjuvant chemotherapy has improved the prognosis for early stage breast cancer
patients (1,2). Looking at the Dutch guidelines from 1990 until 2012, the patient group eligible for adjuvant
chemotherapy has been gradually expanded (3). The patients with ER positive early stage breast cancer
are at risk of overtreatment with adjuvant chemotherapy (4). Some patients of this group have, based on
their tumour biology, a lower risk of recurrence and their tumours are less sensitive to chemotherapy (5).
Adjuvant chemotherapy treatment is highly effective, but possible adverse events could have a huge
impact on a patients’ daily life (6).

The MammaPerint is a gene expression profile (GEP) that is used complementary to the clinical
variables. The clinical intermediate patient group could benefit from this additional test, because the advice
of undergoing chemotherapy may depend on the genomic high or genomic low risk outcome of the
MammaPrint (4). The Microarray in Node-Negative Disease May Avoid Chemotherapy Trail (MINDACT)
provides prospective evidence that the MammaPrint has added value for clinical practice, especially for
the early stage breast cancer patients at clinical high (according to Adjuvant! Online) and genomic low risk.
The results for this particular group showed that they can avoid possible adverse events from
chemotherapy by omitting this treatment at the cost of a possible increased risk of 1.5 percent point higher
at a distant metastasis at 5 years (7). In addition, omitting chemotherapy saves costs, not only of the
treatment itself but also the treatment costs of possible adverse events as well as costs for workplace
absenteeism (8).

Groenendijk et al. stated that in the Netherlands between 2013-2016 the MammaPrint was
performed in a much larger patient group than recommended by the ASCO guidelines. This was the result
of the absence of a clearly indicated patient group (9). The current Dutch guideline (2018) describes two
patient groups, one group includes patients with an indication for a GEP and one group includes patients
that may have an indication for a GEP (10). A total of 52 panel members from the St. Gallen International
Breast Cancer Consensus Conference in 2017 agreed that a GEP offers information that can guide the
decision on adjuvant chemotherapy in node negative cases, but there was considerable discussion
concerning the indication for a GEP (11). This shows that there is no overall agreement which exact
patients belong to the clinical intermediate patient group, which leads to the use of the MammaPrint in a
broader patient group than intended. A clearly defined clinical intermediate group would decrease the use
of the MammaPrint within the patient groups that are clearly designated to the clinical high or clinical low
risk patient group. A clearly defined clinical intermediate group will most likely lead to more accurate
estimations about the benefits and risk of recurrence when omitting chemotherapy. The MINDACT used
all early stage breast cancer patients and could not state with certainty that the early stage breast cancer
patients of clinical high and genomic low risk would benefit from omitting chemotherapy or that it would
lead to an unacceptable increased risk of distant metastasis at 5 years (7). This current uncertainty about
the risk of recurrence with omitting chemotherapy is the reason for the Dutch Health Institute to doubt the
safety of adding the MammaPerint to the standard procedure. Therefore their recommendation to the Dutch
health insurance companies is to not reimburse the MammaPrint from the basic insurance packages (12).
Alongside this, the clinicians and patients still emphasize that the MammaPrint is an important tool for the
shared decision-making process (13).

This study aims to identify patient- and tumour-related variables that are associated with the
outcome of the MammaPrint in a registry-based analysis, with the ultimate aim to identify specific
subgroups within the early stage breast cancer patients at clinical intermediate risk, in whom the
MammaPrint may be omitted because their genomic risk outcome can be predicted.

Material and Methods

Study Population

The women included in this study were all diagnosed with invasive breast cancer of clinical intermediate
risk. To select the intermediate risk group the indications described by Kuijer, et al. were used (14). All the
patients had an ER positive, HER2 negative invasive carcinoma, were younger than 70 years and had a
tumour of either pT2NO, grade 1 or pT1NO, grade 2 and >34 years or pN1, grade 1 or 2 and >34 years.
Data from January 2011 until December 2017 was obtained from the Netherlands Cancer Registry (NCR).
Since 1989 the NCR registers all demographic and clinicopathological information from all cancer patients
in the Netherlands (www.cijfersoverkanker.nl) (15,16). From this registry all relevant patient-, tumour-, and
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treatment-related characteristics were abstracted. Patients were excluded in case the breast cancer was
not surgically treated, when presence of metastasis was confirmed or when they were diagnosed in a
foreign country. Patients were also excluded when they only received the oncotype test or when they
received the MammaPrint but where the outcome was unknown. Patients with an unknown pathological
tumour stage and an unknown pathological lymph node stage were excluded, except for the patients that
received neoadjuvant therapy as their primary treatment. For these patients the clinical tumour and lymph
node stages were used instead. All remaining women were included in this study and divided in two
cohorts. Cohort one included patients who did not receive the MammaPrint. The second cohort included
patients who received the MammaPerint. Patients within cohort two were divided on the basis of their
genomic risk (MammaPrint) outcome, cohort 2A includes genomic low risk patients and 2B genomic high
risk patients.

Statistical Analyses

Percentages were used to describe the differences between cohort one and cohort two (patients who did
not receive the MammaPrint and patients who received the MammaPrint). To compare the baseline
characteristics of group 2A and 2B (genomic low and genomic high risk), a two sample t-test was used for
the continuous variables and the Pearson’s chi-squared test for the categorical variables. The adherence
to the advised treatment (on the basis of their genomic outcome) according to the guidelines was shown
in the variable adjuvant therapy.

To identify variables associated with the MammaPrint outcome, a multivariable logistic regression
was used on the observations of cohort two (patients who received the MammaPrint). To be able to test
the internal validity the method of a split sample was used. Eighty percent of cohort two was randomly
selected and used for the logistic regressions and the other twenty percent was used for the internal
validation of the model. The variables were selected on the basis of clinical reasoning and were: age,
multifocality, presence of a DCIS component, most extensive surgery, differentiation grade, PR status,
detection through screening, performance status, cancer history, menopausal status, social economic
status, sublocalization, histological type, pathological tumour stage, pathological node stage, clinical
tumour and clinical nodal stage (both in case of neoadjuvant therapy), and radicality of the last surgery.
The best prediction model was derived through backward variable selection based on likelihood ratio tests.

Predicted probabilities were used to identify different patient groups with their associated average
probability of genomic high risk outcome. A receiver operating characteristic (ROC) curve was used to test
the discriminative power of the model. Based on the classifying system described by Safari et al., the area
under the receiver operating characteristic curve can be interpreted as: 0.9 - 1 = excellent; 0.8 - 0.9 = good;
0.7 - 0.8 = fair; 0.6 - 0.7 = poor and 0.5 - 0.6 = fail (17). The Hosmer-Lemeshow test and the Brier score
were used to assess calibration of the developed model as well as the validation model. A non-significant
p-value of the Hosmer-Lemeshow test indicates good calibration and a Brier score of 0 shows a perfect
calibration and a score of 20.25 is undesirable (18,19). Calibration plots were made to make the differences
between observed and expected probabilities visible. To determine if identified patient groups can omit the
MammaPrint the sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV)
were determined for several cut-off values.

Within the identified patient groups a two-sample proportion test was used to compare the
chemotherapy treatments given to patients who did not receive the MammaPrint (cohort one) and patients
who did receive the MammaPrint (cohort two). Differences were considered to be significant in case of a
p-value <0.05. STATA version 14.2 was used for the statistical analyses.

Results

Patient characteristics

The final study population consisted of 10,811 patients: 7,732 in cohort one and 3,079 in cohort two. Of
the patients in cohort two, 2,170 had a genomic low risk outcome (cohort 2A) and 909 had a genomic high
risk outcome (cohort 2B). Figure 1 presents the patient selection and division as described in the methods.
Patients who received the MammaPrint (cohort two), were generally younger, had a higher socioeconomic
status, more often had a ductal tumour, a grade 2 tumour, a unifocal tumour and presence of a DCIS
component as compared to patients who did not receive the MammaPrint (cohort one). In addition, these
patients more often received adjuvant systemic therapy (92%) as compared to patients not receiving the
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MammaPrint (86%). Patients with a genomic high risk outcome more often had a tumour of the ductal or
other type (compared to lobular or mixed ductal lobular), differentiation grade 2, a negative PR status and
were detected less often through screening, compared to patients with a genomic low risk outcome.
Furthermore the genomic high risk patients more often received systemic therapy, 76% received either
adjuvant chemotherapy or both adjuvant hormonal-and chemotherapy, compared to 3% of the genomic
low risk patients. Baseline characteristics are shown in Table 1.

Women with invasive breast cancer
N = 111,358

Excluded patients

High and low clinicopathologic risk

Unknown MammaPrint result

N = 100,272 N =91
Without surgery | | | Unknown pT and pN stage
N=3 N=0

N=5

With metastasis

N=1

| | Diagnosed in foreign hospital

N =175

Only had the oncotype test

Women included in the analysis
N=10,811

N=7,732

Cohort 1: patients without MammaPrint

N = 3,079

Cohort 2: Patients with MammaPrint

Cohort 2A: Patients with a genomic
low risk outcome
N=2,170

N =909

Cohort 2B: Patients with a genomic
high risk outcome

Figure 1: Flowchart of included patients and the division different cohorts.

Table 1: Baseline characteristics

Cohort 1 Cohort 2 Cohort 2A  Cohort 2B  P-value
Patients without Patients with Genomic ~ Genomic
MammaPrint MammaPrint low risk high risk
N =7,732, N = 3,079, N=2,170, N =909,
N(%) N(%) N(%) N(%)
Patient characteristics
Age in years, mean (SD) 57.6 (8.4) 55.5 (7.8) 55.4 (7.8) 55.6(8.0) 0.67
Age category 0.29
<29 1(<0.1) - - -
230 & <39 162 (2.1) 64 (2.1) 43 (2.0) 21 (2.3)
240 & <49 1,305 (16.9) 682 (22.1) 480 (22.1) 202 (22.2)
250 & <59 2,554 (33.0) 1,252 (40.7) 904 (41.7) 348 (38.3)
260 & <69 3,710 (48.0) 1,081 (35.1) 743 (34.2) 338 (37.2)
Incidence year 0.037
2011 1,322 (17.1) 131 (4.3) 98 (4.5) 33 (3.6)
2012 1,276 (16.5) 153 (5.0) 101 (4.7) 52 (5.7)
2013 1,049 (13.6) 477 (15.5) 336 (15.5) 141 (15.5)
2014 887 (11.5) 609 (19.8) 420 (19.4) 189 (20.8)
2015 993 (12.8) 593 (19.3) 395 (18.2) 198 (21.8)
2016 1,027 (13.3) 662 (21.5) 494 (22.8) 168 (18.5)
2017 1,178 (15.2) 454 (14.7) 326 (15.0) 128 (14.1)



SES
Low
Medium
High
Menopausal stage
pre-menopausal
post-menopausal (because of chemo)
peri menopausal
post-menopausal (>55 years status
unknown)
Unknown (<55 years status unknown)
Unknown
Tumour characteristics
Sublocalization
Outer quadrants
Inner quadrants
Central parts
Overlapping lesions
Unknown
Histological type
Ductal
Lobular
Mixed ductal lobular
Other
Differentiation grade
1
2
Tumour stage*™
1
2
3
4
IS
Unknown
Nodal stage™*
0
1
2
3
Unknown
DCIS component
No
Yes
Unknown
Multifocal
No
Yes
Unknown
PR status
Negative
Positive
Unknown
Radicality last surgery
Both invasive and DCIS radical
Invasive radical, DCIS focal irradical

2,183 (28.2)
3,222 (41.7)
2,327 (30.1)

1,305 (16.9)
92 (1.2)
412 (5.3)
4,956 (64.1)

812 (10.5)
155 (2.0)

3,647 (47.2)
1,597 (20.7)
539 (7.0)
1,841 (23.8)
108 (1.4)

5,662 (73.2)
1,534 (19.8)
335 (4.3)
201 (2.6)

1,311 (17.0)
6,421 (83.0)

6,559 (84.8)
1,036 (13.4)
107 (1.4)

27 (0.3)

1 (<0.1)

2 (<0.1)

6,424 (83.1)
1,296 (16.8)
3 (<0.1)

6 (0.1)

3 (<0.1)

3,969 (51.3)
3,648 (47.2)
115 (1.5)

6,437 (83.3)
1,277 (16.5)
18 (0.2)

1,163 (15.0)
6,555 (84.8)
14 (0.2)

7,070 (91.4)
192 (2.5)

761 (24.7)
1,297 (42.1)
1,021 (33.2)

798 (25.9)
9(0.3)

261 (8.5)
1,801 (58.5)

210 (6.8)

1,441 (46.8)
646 (21.0)
214 (7.0)
739 (24.0)
39 (1.3)

2,628 (85.4)
283 (9.2)
109 (3.5)
59 (1.9)

357 (11.6)
2,722 (88.4)

2,807 (91.2)
265 (8.6)
4(0.1)
3(0.1)

2,665 (86.6)
412 (13.4)
1 (<0.1)

1 (<0.1)

1,364 (44.3)
1,715 (55.7)

2,674 (86.8)
398 (12.9)
7(0.2)

457 (14.8)
2,621 (85.1)
1 (<0.1)

2,834 (92.0)
72 (2.3)

525 (24.2)
914 (42.1)
731 (33.7)

236 (26.0)
383 (42.1)
290 (31.9)

565 (26.0) 233 (25.6)
L 9 (1.0)
200 (9.2) 61 (6.7)
1,252 (57.7) 549 (60.4)

153 (7.1) 57 (6.3)

1,031 (47.5) 410 (45.1)

443 (20.4) 203 (22.3)
155 (7.1) 59 (6.5)

511 (23.5) 228 (25.1)
30(1.4)  9(1.0)

1,825 (84.1) 803 (88.3)
226 (10.4) 57 (6.3)
89 (4.1)  20(2.2)
30(1.4)  29(3.2)

308 (14.2) 49 (5.4)
1,862 (85.8) 860 (94.6)

1,945 (89.6) 862 (94.8)
220 (10.1) 45 (5.0)

3 (0.1) 1(0.1)
2(0.1) 1(0.1)

1,859 (85.7) 806 (88.7)
311 (14.3) 101 (11.1)
L 1(0.1)

L 1(0.1)

960 (44.2) 404 (44.4)
1,210 (55.8) 505 (55.6)

1,889 (87.1) 785 (86.4)
277 (12.8) 121 (13.3)
4(0.2) 3(0.3)

251 (11.6) 206 (22.7)
1,919 (88.4) 702 (77.2)
L 1(0.1)

1,999 (92.1) 835 (91.9)
49 (2.3) 23 (2.5)

0.49

<0.001

0.40

<0.001

<0.001

<0.001

0.015

0.92

0.67

<0.001

0.64



Invasive radical, DCIS irradical 14 (0.2) 6 (0.2) 4(0.2) 2 (0.2)
Invasive focal irradical, DCIS radical 332 (4.3) 134 (4.4) 98 (4.5) 36 (4.0)
Both invasive and DCIS focal irradical 24 (0.3) 8 (0.3) 4 (0.2) 4(0.4)
Invasive focal irradical, DCIS irradical 1(<0.1) 1(<0.1) - 1(0.1)
Irradical and irrelevant 27 (0.3) 12 (0.4) 7 (0.3) 5 (0.6)
Invasive radical, DCIS radicality unclear 2 (<0.1) 1(<0.1) 1 (<0.1) -
Unknown 70 (0.9) 11 (0.4) 8 (0.4) 3(0.3)

Detection through screening 0.040
No 3,787 (49.0) 1,599 (51.9) 1,101 (50.7) 498 (54.8)

Yes™** 3,839 (49.6) 1,480 (48.1) 1,069 (49.3) 411 (45.2)
Unknown 106 (1.4) - - -

Most extensive surgery 0.31
Breast-conserving 5,422 (70.1) 2,387 (77.5) 1,693 (78.0) 694 (76.3)
Mastectomy 2,310 (29.9) 692 (22.5) 477 (22.0) 215 (23.7)

Adjuvant therapy <0.001
No adjuvant 1,087 (14.1) 232 (7.5) 203 (9.4) 29 (3.2)

Only hormonal therapy 4,838 (62.6) 2,099 (68.2) 1,909 (88.0) 190 (20.9)
Only chemotherapy 83 (1.1) 32 (1.0) 4(0.2) 28 (3.1)
Both hormonal and chemo 1,724 (22.3) 716 (23.3) 54 (2.5) 662 (72.8)

Neoadjuvant therapy <0.001
No neoadjuvant therapy 7,138 (92.3) 3,016 (98.0) 2,130 (98.2) 886 (97.5)

Only hormonal therapy 106 (1.4) 38 (1.2) 32 (1.5) 6 (0.7)
Only chemotherapy 441 (5.7) 21 (0.7) 7 (0.3) 14 (1.5)
Both hormonal and chemo 47 (0.6) 4(0.1) 1 (<0.1) 3(0.3)

Hospital type 0.86
General 3,226 (41.7) 1,341 (43.6) 950 (43.8) 391 (43.0)

STZ 3,918 (50.7) 1,620 (52.6) 1,139 (52.5) 481 (52.9)
Academic 588 (7.6) 118 (3.8) 81 (3.7) 37 (4.1)

*Tumour stage = pathological tumour stage and clinical tumour stage in case of neoadjuvant

**Nodal stage = pathological nodal stage and clinical nodal stage in case of neoadjuvant

**Including three patients from the high risk screening program

Abbreviations: SES = social economic status; General = general hospital; STZ= cooperating top clinical
hospitals; Academic = academic hospitals.

Variables associated with the results of the MammaPrint

With the use of the split sample method (80%), the total number of patients used for the development of
the model was 2,463. The multivariable logistic regression analysis show four variables that were
significantly and independently associated with the MammaPrint outcome: PR status, differentiation grade,
detection through screening and histological type. The odds ratios of each variable, including the 95%
confidence intervals, are shown in Table 2.

Table 2: Variables associated with the MammaPrint outcome

MammaPrint OR 95% Conf. Interval P-value
PR status: Negative 1

Positive 0.45 0.35 0.57 <0.001
Differentiation grade: One 1

Two 2.96 2.08 4.21 <0.001
Detection through screening:  No 1

Yes 0.77 0.65 0.93 0.005
Histological type: Ductal 1

Lobular 0.57 0.41 0.81 0.001

Mixed ductal lobular 0.46 0.25 0.82 0.009

Other 2.64 1.45 4.81 0.002
Constant 0.35 0.24 0.53 <0.001



Based on these four categorical variables, 32 unique patient groups with different probabilities of a genomic
high risk outcome can be identified, which are shown in Table 3. Dividing the patients into these 32 groups
on the basis of the probabilities leads to large differences in group size. Some of these 32 groups are
small, which may lead to large uncertainties about their corresponding probability. Four groups have a low
probability (<10%) of a genomic high risk outcome and there are no groups with a probability above 73%
of a genomic high risk outcome. The identified groups with a probability of less than 10% all had a positive
PR status, a differentiation grade 1 and a histological type of either lobular or mixed ductal lobular.

Table 3: Probabilities of high genomic risk outcome for 32 identified patient groups

Characteristics Probability MammaPrint outcome
Identified Histological PR Differentiation Detection = Decima % Low genomic  High genomic
groups type status grade through I risk, N (%) risk, N (%)

screening

1 3 P 1 1 0.05 53 3 (100) 0 (0)
2 2 P 1 1 0.07 6.6 7 (87.5) 1(12.5)
3 3 P 1 0 0.07 6.8 5(83.3) 1(16.7)
4 2 P 1 0 0.08 8.4 11 (84.6) 2 (15.4)
5 1 P 1 1 0.11 109 73(86.9) 11 (13.1)
6 3 N 1 1 0.11 111 2(100) 0 (0)
7 2 N 1 1 0.14 13.6 3(100) 0 (0)
8 1 P 1 0 0.14 13.7 110(85.3) 19 (14.7)
9 3 N 1 0 0.14 13.9 1(100) 0 (0)
10 3 P 2 1 0.14 142 26(92.9) 2(7.1)
11 2 N 1 0 017 16.9 1(100) 0 (0)
12 2 P 2 1 017 17.3 64 (82.1) 14 (18.0)
13 3 P 2 0 0.18 17.7 22(71.0) 9 (29.0)
14 2 P 2 0 021 213 62(76.5) 19 (23.5)
15 1 N 1 1 021 215 15(88.2) 2 (11.8)
16 4 P 1 1 024 245 2(66.7) 1(33.3)
17 1 N 1 0 026 26.1 11(91.7) 1(8.3)
18 1 P 2 1 0.27 26.7 545 (72.7) 205 (27.3)
19 3 N 2 1 0.27 27.0 4(80.0) 1(20.0)
20 4 P 1 0 030 295 5(71.4) 2 (28.6)
21 2 N 2 1 032 31.8 21(72.4) 8 (27.6)
22 1 P 2 0 0.32 32.0 592 (69.9) 255 (30.1)
23 3 N 2 0 0.32 324 6(85.7) 1(14.3)
24 2 N 2 0 038 37.6 10(76.9) 3(23.1)
25 4 N 1 1 042 42.0 1(100) 0 (0)
26 1 N 2 1 045 44.8 84 (53.9) 72 (46.2)
27 4 N 1 0 0.48 483 0(0) 0 (0)
28 4 P 2 1 049 49.0 9(64.3) 5(35.7)
29 1 N 2 0 0.51 512 45(40.5) 66 (59.5)
30 4 P 2 0 0.55 554 4(23.5) 13 (76.5)
31 4 N 2 1 0.68 68.1 3(100) 0 (0)
32 4 N 2 0 073 734 0(0) 2 (100)

Histological type: 1 = ductal, 2 = lobular, 3 = mixed ductal lobular, 4 = other
PR status: P = positive, N = negative
Detection through screening: 1 = yes, 0 = no
= groups with a low probability (<10%) of a genomic high risk outcome



Validation of the model

The developed model showed an area under the ROC curve of 0.62 (95% CI 0.60 — 0.64). A figure of the
ROC curve can be found in the Appendix. The Hosmer-Lemeshow test was nonsignificant (P = 0.29) when
predicted risks were divided in six equal groups and the Brier score was 0.20. The validation model
included 616 patients and demonstrated good calibration with a Hosmer-Lemeshow test that was
nonsignificant (P = 0.70) when divided in six equal groups and had a Brier score of 0.20. The area under
the ROC curve was 0.65 (95% CI 0.61 — 0.69). Calibration plots of the developed model as well as the
validation model are shown in Figure 2. The patients are divided into six groups of equal size (developed
model N = 410 and validation model N = 103) on the basis of their predicted risk. The validation model
shows an overall good calibration with a broader confidence interval for the two groups with the highest
predicted risk.

Observed
4
1
\\\
_‘g\_
k’\
Observed
4
1
\.\"
=,
.

o~ - + o -
//’ "/x*
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Figure 2: calibration plots of the developed model (A) and the validation model (B), observed versus expected
predicted outcomes. The predicted risk is divided in to six equal groups (Hosmer-lemeshow).

Dotted line = reference line; Circles = groups; Vertical line = 95% confidence interval; Spike plot = distribution of
genomic high risk outcome (1) and genomic low risk outcome (0)

Lower probabilities

The statistical measures that show the ability to predict the outcome of the MammaPrint with the use of
different cut-off values is presented in Table 4. The sensitivity is the highest (99.4%) for a cut-off value of
10% and the specificity is the highest (91.1%) for a cut-off value of 35%. The highest area under the ROC
curve (0.6) is found for the cut-off value of 25%.

Table 4: Statistical measures of the lower probabilities

Probability N below cut-off Low High Sens Spec PPV NPV Areaunder the
cut-off value value (%) genomic genomic (%) (%) (%) (%) ROC Curve
(Total N =2,463) risk (N) risk (N)

35% 2,145 (87.1) 1,591 554 2252 91.07 50.79 7417 0.57

30% 1,262 (51.2) 972 290 59.44 55.64 3542 77.02 0.59

25% 488 (19.8) 407 81 88.67 23.30 32.12 83.40 0.60

20% 387 (15.7) 328 59 91.75 18.78 31.61 84.75 0.58

15% 277 (11.2) 241 36 9497 13.80 31.08 87.00 0.55

10% 30 (1.2) 26 4 9944 149 2924 86.67 0.58

Abbreviations: Sens = sensitivity; Spec = specificity; PPV = positive predictive value; NPV= negative
predictive value.



Difference in chemotherapy treatment between cohort 1 and 2

Over the years the percentages of the patients that did not receive chemotherapy in cohort one (patients
who did not receive the MammaPrint) increases from 59.3% in 2011 to 86.8% in 2017, this is shown in
Table 5. Within cohort two (patients who did receive the MammaPrint) the percentages that receive
chemotherapy varies over the years but stays below 34.0%.

Table 5: Percentages chemotherapy over the years.

Cohort 1 (without MammaPrint) Cohort 2 (with MammaPrint)
Year Total Chemotherapy No chemotherapy Total Chemotherapy No chemotherapy
N N, (%) N, (%) N N, (%) N, (%)

2011 1322 538 (40.7 784 (59.3) 102 14 (13.7) 88 (86.3)

)
2012 1276 467 (36.6) 809 (63.4) 136 45 (33.1) 91 (66.9)
2013 1049 338 (32.2) 711 (67.8) 393 108 (27.2) 285 (72.5)
2014 887 281 (31.7) 606 (68.3) 477 104 (21.8) 373 (78.2)
2015 993 332 (33.4) 661 (66.6) 482 144 (29.9) 338 (70.1)
2016 1027 176 (17.1) 851 (82.9) 512 105 (20.5) 407 (79.5)
2017 1178 155 (13.2) 1023 (86.8) 361 85 (23.5) 276 (76.5)

We used the 32 identified patient groups to look at the difference in chemotherapy treatment between
patients who did not receive the MammaPrint and patients who received the MammaPrint (cohort one and
two respectively). Table 6 shows the percentages chemotherapy of both cohorts. Within the group of
patients with the lowest probability (5.3%), 12% of the patients who did not receive the MammaPrint got
chemotherapy, compared to 0% of the patients who received the MammaPrint. Of the patient group with
the highest probability (73%), 54.5% of the patients who did not receive the MammaPrint got
chemotherapy, compared to 100% of the patients who received the MammaPerint. Both these lowest and
highest probability groups have a small sample size. A visible representation of Table 6 can be found in
the appendix.

Table 6: Cohort 1 and 2 divided in the 32 identified groups, and presenting the percentages of chemotherapy.
Group  Probability of Cohort 1 (N=7,609) Cohort 2 (N=2,462) Two-sample proportion test

genomic high Patients without Patients with

risk outcome MammaPrint MammaPrint

% N(%) Chemo % N(%) Chemo % Difference p-value
1 5.3 25 (0.3) 12.0 3(0.1) 0 0.12 0.525
2 6.6 53 (0.7) 34.0 8 (0.3) 0 0.34 0.050
3 6.8 18 (0.2) 50.0 6 (0.2) 16.7 0.33 0.151
4 8.4 85 (1.1) 36.5 13 (0.5) 231 0.13 0.345
5 10.9 360 (4.7) 228 84 (3.4) 9.5 0.13 0.007
6 111 3(0.0) 0 2(0.1) 0 - -
7 13.6 19 (0.3) 31.6 3(0.1) 0 0.32 0.254
8 13.7 495 (6.5) 39.0 129 (5.2) 155 0.23 <0.001
9 13.9 1(0.0) 100 1(0.0) 0 - -
10 14.2 120 (1.6) 18.3 28 (1.1) 3.6 0.15 0.052
11 16.9 35 (0.5) 28.6 1(0.0) 0 0.29 0.529
12 17.3 527 (6.9) 14.8 78 (3.2) 141 0.01 0.871
13 17.7 122 (1.6) 36.9 31(1.3) 35.5 0.01 0.885
14 21.3 541 (7.1) 359 81 (3.3) 17.3 0.19 0.001
15 21.5 58 (0.7) 20.7 17 (0.7) 11.8 0.09 0.406
16 245 31(0.4) 22.6 3(0.1) 33.3 -0.11 0.675
17 26.1 51 (0.7) 25.5 12 (0.5) 8.3 0.17 0.198
18 26.7 2,065 (27.1) 20.8 750 (30.5) 22.8 -0.02 0.246
19 27.0 20 (0.3) 20.0 5(0.2) 40.0 -0.20 0.349
20 29.5 51 (0.7) 29.4 7 (0.3) 28.6 0.01 0.963



21 31.8 151(2.0) 19.2 29 (1.2) 17.2 0.02 0.805

22 32.0 1,884 (24.8) 43.3 847 (34.4) 26.4 0.17 <0.001
23 32.4 15(0.2) 6.7 7 (0.3) 14.3 -0.08 0.563
24 37.6 105 (1.4)  21.0 13(0.5)  23.1 -0.02 0.860
25 42.0 5 (0.1) 0 1(0.0) 0 - -

26 44.8 336 (4.4) 21.7 156 (6.3)  37.2 -0.15 <0.001
27 48.3 6 (0.1) 50.0 0 (0.0) 0 - -

28 49.0 50 (0.7) 4.0 14 (0.6) 214 0.17 0.032
29 51.2 319 (4.2) 404 111 (4.5) 46.0 -0.06 0.311
30 55.4 39 (0.5) 205 17 (0.7) 529 -0.32 0.015
31 68.1 8 (0.1) 12.5 3(0.1) 0 0.13 0.521
32 73.4 11(0.1) 545 2 (0.1) 100.0  -0.45 0.224

Some of the group sizes of the 32 identified groups are small, therefore we combined the groups, with
approximately the same probability at a genomic high risk outcome, into 7 groups. This new classification
is presented in Figure 3. Within patients who had a low (<10%) probability of a genomic high risk outcome,
33.7% of the patients who did not receive the MammaPrint received chemotherapy compared to 13.3% of
the patients who received the MammaPerint. In the 10-20% probability group the percentages were 26.0%
(without MammaPrint) and 14.3% (with the MammaPrint). The patients with a probability between 20-30%
have approximately the same percentage (23%) of chemotherapy whether they received the MammaPrint
or they did not. The group of patients with a probability between 30-40% showed a similar difference as
the first two groups, 40.3% received chemo when they did not receive the MammaPrint and 26% when
they received the MammaPerint. On the other hand the patient groups with a probability between 40-50%
and 50-60% showed lower percentages when they did not receive the MammaPrint, 19.7% and 38.3%
respectively, compared to 35.7% and 46.9% when they received the MammaPerint.

100%
90%
80%
70%
60%

50%

Chemotherapy

40%
30%
20%
10%

0%
Probability 0-9.9% 10-19.9% @ 20-29.9% 30-39.9% 40-49.9% 50-59.9% >60%

cohort 1 (without MammaPrint) N=181 = N=1682 = N=2817 = N=2155  N=397  N=358 N=19

cohort 2 (with MammaPrint) N=30 N=357 N=875 N=896 N=171 N=128 N=5

Figure 3: Percentage chemotherapy per probability group.
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Discussion

In this retrospective registry-based study, we identified four clinicopathological variables that were
significantly and independently associated with the outcome of the MammaPrint within the early stage
breast cancer patients at clinical intermediate risk: PR status, differentiation grade, histological type and
detection through screening. The variables PR status and differentiation grade have the highest influence
on the probability. The broad confidence interval of histological type category “other” can be explained by
the small sample size.

The study of Groenendijk, et al. also identified four clinicopathological variables associated with
the outcome of the MammaPerint: ER status, PR status, HER2 status and histological type (9). Their aim
was to evaluate the characteristics of early stage breast cancer that had been selected for the MammaPrint
and to correlate genomic risk stratification with individual clinicopathological parameters and clinical risk
as assessed by Adjuvant! Online and PREDICT. They included a broader patient selection: patients with
early stage breast cancer, who underwent surgery between 2013 and 2016 and for which the MammaPrint
outcome was reported. Their study confirms that patients with a negative ER status and positive HER2
status almost all have a genomic high risk outcome, and belong to the clinical high risk patient group, which
is also mentioned by Mook, et al. (20). Groenendijk, et al. proposed three risk profiles; low risk (ER+/HER2-
/grade1), intermediate risk (ER+/HER2-/grade2) and high risk (ER+/HER2-/grade3 or HER2+ or ER-). Of
the low risk patients 13.4% had a high genomic risk outcome and 80.6% of the high risk patients had a
high genomic risk outcome (9). Our study has added value because it gives specific information about the
patients at clinical intermediate risk, this is the patient group where controversy exists about the benefit of
chemotherapy. The added value of adjuvant therapy outside of this specific patient group can be
determined on the basis of the known clinical variables.

In our study we could identify 32 patient groups. There is no patient group with a probability above
73%, this can be explained by the fact that we only included the clinical intermediate risk patient group,
the patients with a high probability are presumably already in the clinical high risk patient group on the
basis of their clinicopathological characteristics. We have identified patient groups where the MammaPrint
may be unnecessary because of the low probability of a genomic high risk outcome. The statistical
performance measures resulting from the use of different low probability cut-off values show that none of
the cut-off values have a large area under the ROC curve. The negative predictive value is the highest
(87%) for the cut-off value of 15%. If it is decided that the patient groups with a probability below 15% are
not eligible for the MammaPrint, there will be approximately 13 out of a 100 patients who are mistakenly
declined the MammaPrint. These patients wrongly omit chemotherapy which might lead to a higher risk at
distant metastasis and with that a considerable chance of dying. On the positive side 87 patients will not
receive an unnecessary MammaPrint, which saves approximately €2,675 per person (21). Another positive
point is the shortened time of uncertainty for the patients, they do not have to wait on the MammaPrint
outcome. It is arbitrary if the evidence for a cut-off point is convincing enough. The article of Van ‘t Veer,
et al. described setting a threshold at a maximum of 10% misclassification (22). If we use this same
threshold (< 10%) and we also take the poor area under the ROC curve into account, we cannot indicate
a cut-off value where the MammaPrint has no added value for the patients.

Our developed model as a whole showed an area under the ROC curve of 0.62 which is considered
poor (17,23). This means that on the basis of clinicopathological variables we cannot predict the outcome
of the MammaPrint with high accuracy. The Hosmer-lemeshow showed a nonsignificant result, which
indicated that the observed and expected number of patients with a genomic high and a genomic low risk
outcome were not significantly different, showing a good internal validation.

Recently, a study was published that examined if clinicopathological variables could be used to
predict the Oncotype DX outcome. Five variables were used: tumour size, tumour grade, PR status,
histological type and age. This model showed an area under the curve of 0.81, which indicates a good
discriminative model (24). The differences in their and our model may be explained by the larger sample
size (65,754 patients compared to our 2,462 patients), the inclusion of a broader patient group and the 0-
100 scale outcome of the Oncotype DX which can be predicted with greater precision than the dichotomous
MammaPrint outcome. The Oncotype DX model shows a good calibration in the low and high probabilities
but the patients with a probability between approximately 0.45 and 0.80 show more deviation. This
indicates that also within the study of Orucevic, there are patients where the Oncotype DX test likely has
added value (24).
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In the second part of the analysis of this present study we compared how many patients received
chemotherapy in cohort one (who did not receive the MammaPrint) with the amount of patients that
received chemotherapy in cohort two (who did receive the MammaPrint). When we combined the groups
with approximately the same probabilities we saw that out of these seven groups the four groups with the
lowest probabilities showed that patients who did not receive the MammaPrint more often received
chemotherapy compared to patients who received the MammaPrint. The three groups with the highest
probabilities showed that patients who did not receive the MammaPrint less often receive chemotherapy
compared to the patients who received the MammaPrint. These results indicate possible overtreatment
within the patients with a low probability and undertreatment in the patients with a relatively high probability
when the MammaPrint is not used. This underlines the need for the MammaPrint, especially in the groups
with the lower probabilities (<10%).

One of the strengths of this study is the assessment of only the patients of clinical intermediate
risk, who are the patients eligible for the MammaPrint because of the uncertainty about the benefit of
chemotherapy. Since the group of patients who received the MammaPrint was much larger, we additionally
performed the logistic regression analysis on all patients receiving the MammaPerint, without any predefined
selection. These analyses identified the same prognostic variables as presented in this study (data not
shown). Another strength is that we specifically chose the indication of clinical intermediate patients defined
by Kuijer, et al, they came to this indication though throughout research of the literature as well as
assessing data about the use of the MammaPrint in practice. Other sources only broadly describe which
patients they find eligible for the MammaPrint without being specific. Like the St. Gallen International Breast
Cancer Consensus Conference, who mention node-negative patients without specifying differentiation
grades or pathological tumour characteristics (11). One more strength is the fact that the data is from the
population-based comprehensive NCR, which includes all Dutch patients as well as a lot of patient- and
tumour characteristics expressing daily life practice.

This study has some limitations. One may be missing clinicopathological variables that could
potentially be associated with the MammaPrint outcome, but are not registered. For example the Body
Mass Index (BMI) and lymphovascular invasion. Kaviani, et al. found that obesity is associated with more
advanced breast cancer diseases (25). The presence of lymphovascular invasion was associated with a
higher mortality rate, described by Lee, et al. and Song, et al (26,27). Another limitation is the absence of
external validation of the model, due to lack of excess to another database including the same variables.
The last limitation may be that patient preference could have influenced a specific part of the analysis: the
percentages of chemotherapy in cohort one and cohort two, for example when they insist on
chemotherapy.

The amount of chemotherapy treatments is decreasing over the years. The main reasons are the
growing understanding of breast cancer biology and the ability to better identify patients that most likely
benefit from the various combinations of treatments (28). Another reason is mentioned by Kurian, et al.,
they stated that the fear of overtreatment causes clinicians to be more reluctant about subscribing
chemotherapy (29). Our data also shows a decrease in chemotherapy treatments, the percentage of
patients who did not receive the MammaPrint and did not receive chemotherapy increased from 59.3% in
2011 to 86.8% in 2017. If we look at the adherence to the advised treatment (on the basis of the genomic
outcome) according to the guidelines, we saw that the adherence is higher for the patients with a genomic
low risk outcome (97%) compared to the adherence to the advised treatment for the patients with a
genomic high risk outcome (76%). This higher adherence to a low risk outcome was also found by Kuijer,
et al, they found indications that clinicians are considerable reluctance to administrate chemotherapy and
that that Dutch clinicians tend to use GEP merely for a substantiated decision to omit chemotherapy (30).
It is important that omitting chemotherapy is properly substantiated with evidence-based information. Our
study provides important information that contributes to more personalized care for early stage breast
cancer patients that will lead to the necessary treatment.

In conclusion, this study shows that within early stage breast cancer patients at clinical
intermediate risk clinicopathological variables alone cannot predict the outcome of the MammaPrint. In
addition, some results may indicate possible overtreatment with adjuvant chemotherapy in some patient
groups and undertreatment in other patient groups within these early stage breast cancer patients. This
confirms that the MammaPrint is an important additional test for early stage breast cancer patients at
clinical intermediate risk, to be able to make a well informed treatment decision.
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Figure 1: Area under ROC curve of the developed model
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