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Background: MammaPrint is a prognostic assay based on gene expression in tumors from patients with early breast
cancer. MammaPrint has been extensively validated and Food and Drug Administration cleared in fresh and
formalin-fixed and paraffin-embedded (FFPE) tissue. We aimed to assess its prognostic performance in the
biomarker cohort of the Austrian Breast and Colorectal Cancer Study Group 8 (ABCSG-8) patient population, and to
obtain a higher level of evidence with regard to its clinical validity after RNA extraction from FFPE biobank tissue.
Patients and methods: A prespecified retrospective analysis to test the prognostic performance of the MammaPrint
test to predict distant recurrence-free survival at 5 and 10 years as primary end point was carried out. MammaPrint
risk, clinicopathological factors (after central pathological review), and clinical risk (using a modified version of
Adjuvant! Online) were evaluated by Cox regression analyses.
Results: From 1347 available samples, 607 (45%) failed quality control after RNA extraction. In total, 658 (49%) patients
were included in survival analyses: MammaPrint low risk versus high risk is a significant prognostic factor for distant
recurrence-free survival at 5 years (94.0% versus 91.6%) with a significant risk reduction of 6.5% at 10 years (log-
rank P value ¼ 0.017, low risk 91.3% versus high risk 84.8%). The multivariable models suggest that hazard ratio
(HR) is primarily driven by tumor stage (5-year HR 3.89; confidence interval 1.97-7.71) and nodal status (5-year HR
1.73; confidence interval 0.91-3.21). After adjustment for clinical risk groups, MammaPrint HRs remain stable with
values just below 2.0 after the first 3 years.
Conclusions: The MammaPrint test showed significant prognostic performance at 5 and 10 years of follow-up. In the
particular cohort of ABCSG-8, the statistical independence from clinically assessed covariates remains unclear, and no
conclusions concerning the clinical validity of the test can be drawn.
Key words: ER-positive/HER2-negative, early breast cancer, ABCSG-8, prognostic biomarkers, MammaPrint, clinical
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INTRODUCTION

MammaPrint (i.e. 70-gene signature) is a diagnostic assay
that uses expression levels of the 70 MammaPrint genes to
assess distant recurrence risk in early stage breast cancer,
providing a binary low- or high-risk prediction of breast
cancer recurrence.1 The MicroarRAy PrognoSTics in Breast
CancER (RASTER) trial provided the first prospective results
showing that low-risk patients had a 97.0% distant
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recurrence-free interval at 5 years2 and a 93.7% distant
recurrence-free interval at 10 years.3

Most notably, MammaPrint was validated in the 6693
patients of the prospective randomized phase III ‘Micro-
array In Node-Negative and 1 to 3 Positive Lymph Node
Disease May Avoid ChemoTherapy’ (MINDACT) trial. In this
study, patients who had high clinical risk and low Mam-
maPrint genomic risk and who were treated without
chemotherapy showed a 94.7% rate of distant metastasis-
free survival at 5 years, thus providing the clinical
evidence for clinical utility of the test by omitting chemo-
therapy in a relevant subgroup of women.4 The assay has
also been validated in a number of node-positive and node-
negative cohorts treated outside of prospective clinical tri-
als.5-7 Importantly, most of this work was done on fresh
tissue. One exception is the randomized prospective
Stockholm Tamoxifen (STO-3) trial biomarker cohort which
showed that low-risk patients who received 2-5 years of
tamoxifen had an excellent 93% distant metastasis-free
survival at 10 years and a 90% breast cancer-specific sur-
vival at 20 years without chemotherapydthese analyses
were done on formalin-fixed and paraffin-embedded (FFPE)
archived tissue.8

The biomarker cohort of the Austrian Breast and Colo-
rectal Cancer Study Group 8 (ABCSG-8) has previously
served as a validation cohort for prognostic gene expression
tests at both early and late timepoints.9-11 This cohort is
highly representative of the entire ABCSG-8 phase III trial12

that included postmenopausal estrogen receptor-positive
(ERþ) patients, with low to intermediate grading tumors
(G1-G2 only) and low to intermediate clinical risk, treated
with endocrine therapy in the absence of chemotherapy.
The ABCSG-8 biobank offers the opportunity to test the
prognostic performance of the MammaPrint test on (i) FFPE
tumor samples, (ii) in a highly homogenous cohort, and
(iii) with prospectively recorded and monitored clinical
outcome data.

The aim of this study was to assess the prognostic per-
formance of the MammaPrint in the biomarker cohort of
the ABCSG-8 patient population and thereby obtain a
higher level of evidence with regard to the clinical validity of
the MammaPrint performed on FFPE tissue.

PATIENTS AND METHODS

ABCSG-8

The study population consisted of patients with retrospec-
tively collected FFPE breast tumor samples from the ABCSG-
8 trial archived in the ABCSG tumor bank. ABCSG-8 included
postmenopausal patients, with lymph node-negative and
lymph node-positive disease. Patients with ER-positive tu-
mors and G1 and G2 disease were randomized to 5 years of
adjuvant tamoxifen or 2 years of tamoxifen followed by 3
years of anastrozole. Adjuvant chemotherapy was an
exclusion criterion.12

All procedures concerning the collection of samples and
consent of patients to translational research have previ-
ously been described.11
2 https://doi.org/10.1016/j.esmoop.2020.100006
MammaPrint assay and MammaPrint risk score

The MammaPrint gene expression profile has been previ-
ously described.1,6 In brief, MammaPrint is a microarray-
based assay that uses RNA extracted from tumor tissue
(FFPE). This RNA is labeled, hybridized, and run on custom
designed microarray platform, manufactured by Agilent
(Santa Clara, CA), containing specific probes for 70 prog-
nostic genes. The oligonucleotide microarrays assess the
gene expression of the 70 MammaPrint and 80 BluePrint
subtype genes, 465 normalization genes, and more than
250 probes for hybridization and printing quality control.
Tumor classification is subsequently read out using the
MammaPrint algorithm, which has been described previ-
ously.6 The sample processing for this study was carried out
in the Institute of Cancer Research, Medical University of
Vienna.
Study methodology

This study was designed as a ‘retrospective-prospective’
subanalysis, using archived specimens from both arms of
the ABCSG-8 study cohort that have been obtained at the
time of surgery before adjuvant therapy.

The MammaPrint assay is Food and Drug Administration
(FDA) cleared in all specimen types,13 and the samples are
processed centrally in Clinical Laboratory Improvements
Amendments (CLIA)/College of American Pathologists
(CAP)-certified laboratories. Diagnostic validation was per-
formed according to FDA and National Committee for
Clinical Laboratory Standards (NCCLS) guidelines.14,15

Sample processing for MammaPrint and BluePrint were
largely performed according to standard protocols as
described.1,6 In total, 1347 FFPE tissue samples from the
ABCSG-8 research tumor bank were available. The laboratory
was trained and subsequently validated in accordance with
the standard protocol from Agendia. Isolated RNA obtained
centrally at the ABCSG-8 biorepository laboratory (Biobank)
from the available tissue samples were hybridized onto the
Agendia proprietary full-genome microarray slides provided
by Agilent. After hybridization the slides were washed and
stored under vacuum at �70�C. Slides were sent to Agen-
dia's lab in Amsterdam, the Netherlands, under vacuum at
room temperature. MammaPrint was read out (masked with
respect to patient clinical data including outcome) when all
RNA quality controls were passed. Drying of the slides as
well as the shipment process has been thoroughly validated
as having no impact on gene expression.

The patient tumors were subsequently classified into risk
categories as either low risk or high risk using the thresholds
previously developed.1

Central pathology review of ER, PR, HER2, Ki-67 and
presence of ductal carcinoma in situ component were per-
formed by a breast cancer-dedicated pathologist. For Ki-67,
a cut-off of 14% was used to dichotomize into low and high
expression.16

To assess the clinical risk, the modified version of Adju-
vant! Online, version 8.0 with HER2 status, was used (www.
adjuvantonline.com, Table S13 in Cardoso et al.4). The assay
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1347 patients in the Agendia analysis set with
informed consent and sufficient sample quality

329 randomly assigned to the tamoxifen arm

607 patients with failed gene expression analysis

740 patients in the full analysis set

(intention-to-treat population)

658 patients included in ITT analyses

82 HER2-positive patients or patients with Gx
sample excluded

3901 patients enrolled to ABCSG-8

3714 patients randomly assigned to ABCSG-8

329 randomly assigned to the tamoxifen + anastrozole arm

Figure 1. Consort flow chart.
Gx, grade could not be assessed; ITT, intention to treat.
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results, pathology information, and clinical data were
merged and analyzed at the ABCSG Statistical Center.
Statistical analysis

The primary analysis was designed to determine the prog-
nostic performance ofMammaPrint risk groups at 5 years. For
this analysis, the 5-year distant recurrence was the event of
interest and is defined as the time in years from random
assignment tofirst occurrence ofdistantmetastases,where all
secondary carcinoma (including contralateral breast cancer)
and death due to any cause were censored. In case of no
distant metastases, secondary carcinoma, or death, the pa-
tient was censored at the last contact date. Results are re-
ported according to the treatment assignment at the time of
enrollment (intention-to-treat population, Figure 1). No
values are imputed for missing data, including events. Only
partially incomplete dates (daymissing) are imputed for dates
related to events and follow up information.

A descriptive statistics table of available clinical, patho-
logical, therapeutic, and event variables divided in Mam-
maPrint risk groups was set up. Categorical variables were
expressed in numbers and percentages and were tested for
difference with a chi-square test, or a Fisher's exact test in
case cell counts are not sufficiently high. Continuous vari-
ables were expressed with median, minimum, and
Volume 6 - Issue 1 - 2021
maximum, and a nonparametric test was used to test for
differences in distribution between risk groups.

Distant recurrence rates were estimated using the
KaplaneMeier method. Reported P values in KaplaneMeier
figures are results of two-sided log-rank tests.

For each univariable and multivariable Cox regression
analysis the proportional hazard (PH) assumption was
tested by analyzing a premodel including interaction of the
variable(s) of interest with time as time-dependent cova-
riate(s). Where the time-dependent effect showed a P value
<0.05, the time-dependent effect was additionally included
in the actual model (PH-corrected Cox model). For multi-
variable Cox regression analyses the correlation between
covariates was examined. In case of highly correlated vari-
ables, the most significant in univariable analysis was kept
for the multivariable model. The multivariable models
included all available clinical, pathological, and therapeutic
variables, with the exception that variables may be dropped
if problems with the models (e.g. quasi-complete separa-
tion) occur. Additional prognostic value of MammaPrint was
assessed by partial likelihood-ratio test statistics (LRTS) and
according to P values.

All P values <0.05 were considered statistically signifi-
cant. Analyses were done by members of the biostatistics
group at ABCSG using Statistical Analysis System (SAS)
software (version 9.3 or higher).
https://doi.org/10.1016/j.esmoop.2020.100006 3
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RESULTS

Study population

From 3901 patients enrolled into ABCSG-8, 3714 were
randomly assigned to endocrine treatment arms. A total of
1147 patients consented to translational biomarker studies
and had adequate tumor available; the earliest FFPE blocks
are dated from January 1996.

Of these, 607 (45.1%) samples failed the quality control
standards for MammaPrint gene expression analysis due to
degeneration of the RNA and deviation from the stan-
dardized Normscore based on control genes. A further 82
patients were excluded; 54 patients with HER2 over-
expressing tumors and/or 30 patients with unknown tumor
grade, mostly lobular differentiation. As a result, 658 pa-
tients were included from the intention-to-treat analyses,
with andby chancedequal distribution in the tamoxifen-
alone arm versus the tamoxifen followed by anastrozole
arm (n ¼ 329 versus n ¼ 329; Figure 1).
Demography

Mean age of the study population was 63 years. Hormone
receptor expression was ERþþ and PgRþþ or higher in
82.4%, and 72.6% had a low Ki-67 value (<14%). Four of five
patients (79.6%) had a moderately differentiated tumor
grading, 65.8% had tumors smaller than 2 cm, and 68.5%
showed node-negative disease. In general, the clinical risk
parameter, assessed from Adjuvant! Online, classified 54% of
the study population as low risk and 45% as high risk; for 0.5%
clinical risk assessment was missing. Breast conservation was
carried out in 79.6% and 71% received radiation therapy.

Within the 658 samples, 77.8% showed a MammaPrint
low-risk profile. This profile was typically and significantly
associated with less aggressive tumor features such as high
ER expression, low Ki-67, good differentiation, and tumor
size below 2 cm (Table 1). It is noteworthy that node-
positive disease was only slightly elevated in the genomic
high-risk group. However, the clinical risk score assessment
showed that 41.6% of genomic low-risk women had high-
risk clinical scores.
Univariable analyses of distant recurrence

Analysis of survival data showed that for patients in the
MammaPrint low-risk group, the 5- and 10-year distant
recurrence-free survival was 94.0% and 91.3%, respectively.
For patients in the high-risk group, the 5- and 10-year
survival was 91.6% and 84.8%, respectively. The Kaplane
Meier curve shows a statistically significant distinction be-
tween both groups' survival data (P ¼ 0.0171, absolute risk
reduction at 10 years 6.5%, at 5 years 2.4%; Figure 2).

The unadjusted hazard ratios (HRs) in high- versus low-
risk patient groups as defined by clinicopathologic factors
and MammaPrint are shown in Table 2. The results are
based on a univariable Cox regression analysis for distant
recurrence at 5 and 10 years. The PH assumption was met
for each variable at both timepoints but was violated for the
MammaPrint variable at the 5-year timepoint. Therefore, an
4 https://doi.org/10.1016/j.esmoop.2020.100006
additional time-dependent effect was included in the 5-year
Cox model with MammaPrint (PH-corrected Cox model).

Results from the PH-corrected 5-year Cox model show
that the prognostic value of MammaPrint was stronger than
most of the individual traditional risk factors and variables
in this analysis [HR 22.0, 95% confidence interval (CI) 3.26-
148; P ¼ 0.0015]. By contrast, the effect at 5 years without
time-dependent modeling was not statistically significant
(HR 1.52, 95% CI 0.78-2.98; P ¼ 0.2224), whereas the
genomic high-risk group showed almost a twofold increase
in the distant recurrence risk when censored at 10 years (HR
1.91, 95% CI 1.11-3.27; P ¼ 0.0191).

Other clinical variables that were significant were T-stage,
N-stage, and Ki-67 (for 10 years only). The clinical risk
classification parameter, mainly based on T-stage and N-
stage, showed significant prognostic value.
Multivariable analyses of distant recurrence

In analogy to the univariable analysis a time-dependent
effect for MammaPrint (PH-corrected model censored at 5
years) needed to be included into the 5-year multivariable
model, but not into the 10-year multivariable model
(Table 3): Results censored at 5 years show that the prog-
nostic value of MammaPrint was stronger than most of the
individual traditional risk factors and variables in the
multivariable analysis (HR 13.3, 95% CI 1.92-92.7; P ¼
0.0088). Interestingly, with the exception of T-stage (which
showed significant HR effects in all models at 5 and 10
years) and nodal status (HR 1.7 at both timepoints; signif-
icant at 10 years), none of the other variables (age,
hormone receptor, and Ki-67) had significant independent
prognostic value.

Because the predefined model selection process ac-
cording to PH violation resulted in artificially high HR and
high CI, we provide an overview of all results without PH
correction in Supplementary Figure 1A and B, available at
https://doi.org/10.1016/j.esmoop.2020.100006. These re-
sults without time-dependent modeling do not show a
major prognostic impact of MammaPrint; the model is
mostly driven by the anatomic features tumor size and
lymph node status. The additional prognostic value of
MammaPrint to a model including T-stage and N-stage is
small (LRTS ¼ 0.26, P ¼ 0.61 at 5 years and LRTS ¼ 2.85,
P ¼ 0.09 at 10 years). This underlines that the highly sta-
tistically significant results (with high HRs and CIs) in the
corrected univariable Cox models for MammaPrint seem to
be artificial and based on calculational effects.

Having established T-stage and N-stage as stable prog-
nostic factors for distant recurrence, HRs of MammaPrint
adjusted for clinical risk classification for these clinical fac-
tors were calculated (Figure 3). From the timepoint there
appear enough events (>3 years) MammaPrint shows a
fairly stable HR (<2.0) over time.

DISCUSSION

The main aims of this study were to validate the molecular
biomarker MammaPrint assessed from FFPE archived
Volume 6 - Issue 1 - 2021
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Table 1. Demography

Variable MammaPrint
Low risk
N [ 512 (77.8%)

MammaPrint
High risk
N [ 146 (22.2%)

Total
N [ 658

P value

Randomized treatment arm
Tam 257 (50.2) 72 (49.3) 329 (50.0) 0.8512*
Tam þ Ana 255 (49.8) 74 (50.7) 329 (50.0)

Age, years 63.0 (46.0-79.0) 64.0 (41.0-79.0) 63.0 (41.0-79.0) 0.2181**
Estrogen receptor
Negative 2 (0.4) 9 (6.2) 11 (1.7) <0.0001***
Positive 508 (99.2) 136 (93.2) 644 (97.9)
Missing 2 (0.4) 1 (0.7) 3 (0.5)

Progesterone receptor
Negative 26 (5.1) 17 (11.6) 43 (6.5) 0.0026*
Positive 482 (94.1) 121 (82.9) 603 (91.6)
Missing 4 (0.8) 8 (5.5) 12 (1.8)

Hormone receptor
Low HRa 73 (14.3) 33 (22.6) 106 (16.1) 0.0106*
High HRb 434 (84.8) 108 (74.0) 542 (82.4)
Missing 5 (1.0) 5 (3.4) 10 (1.5)

Ki-67
Lowc 416 (81.3) 62 (42.5) 478 (72.6) <0.0001*
Highd 96 (18.8) 84 (57.5) 180 (27.4)

Tumor grade
G1 115 (22.5) 19 (13.0) 134 (20.4) 0.0124*
G2 397 (77.5) 127 (87.0) 524 (79.6)

T-stage
pT1 360 (70.3) 73 (50.0) 433 (65.8) <0.0001***
pT2 146 (28.5) 71 (48.6) 217 (33.0)
pT3 6 (1.2) 2 (1.4) 8 (1.2)

N-stage
N0 355 (69.3) 96 (65.8) 451 (68.5) 0.0179***
N1 147 (28.7) 40 (27.4) 187 (28.4)
N2 10 (2.0) 10 (6.8) 20 (3.0)

Clinical risk
C-low 297 (58.0) 61 (41.8) 358 (54.4) 0.0006*
C-high 213 (41.6) 84 (57.5) 297 (45.1)
Missing 2 (0.4) 1 (0.7) 3 (0.5)

Radiotherapy
No 152 (29.7) 39 (26.7) 191 (29.0) 0.4848*
Yes 360 (70.3) 107 (73.3) 467 (71.0)

Type of surgery
Breast conserving 409 (79.9) 115 (78.8) 524 (79.6) 0.7678*
Mastectomy 103 (20.1) 31 (21.2) 134 (20.4)

Categorical variables are expressed as n (%) and continuous variables as median (range). Missing categories are not used for testing.
ER, estrogen receptor; HR, hormone receptor; PR, progesterone.
a High HR: ERþþ and PgRþþ or higher.
b Low HR: lower than ERþþ or PRþþ.
c Low Ki-67: <14%.
d High Ki-67: �14%.
* Chi-square test.
** Wilcoxon test.
*** Fisher's test.

P. Dubsky et al. ESMO Open
samples in a homogenous cohort of hormone receptor-
positive and HER2-negative patients. The biomarker cohort
of ABCSG-8 provided the opportunity to study the genomic
biomarker in comparison to clinical and pathologic variables
in a prospectively randomized, ER-positive, G1/G2 cohort of
patients treated with endocrine therapy.

The earliest FFPE blocks used date from January 1996:
45.1% of samples (601/1347) failed the quality control
standards for MammaPrint gene expression analysis due to
degeneration of the RNA and deviation from the stan-
dardized Normscore based on control genes. The long
storage may have impacted the RNA quality and analysis of
the 70-gene test. Analysis of more recent samples17 have
Volume 6 - Issue 1 - 2021
not shown such lack of robustness but certainly the rela-
tively high sample failure rate in this cohort impacted on
the results of this preplanned statistical analysis (Figure 1).

Almost 78% of all valid samples showed a low-risk
genomic score; this was confirmed by a 5-year point esti-
mate of distant recurrence of 94% (10-year distant recur-
rence rate 91.3%) and a statistically significant difference to
the high-risk group with an absolute difference in risk at 10
years of 6.5%. The primary end point of the study, described
as the prognostic performance of the test at 5 years, has
thus been met (Figure 2).

The clinical validity of the test is however additionally
judged by its independence from routinely assessed
https://doi.org/10.1016/j.esmoop.2020.100006 5
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Table 2. Univariable Cox regression analysis, 5-year, and 10-year distant recurrence censoring

Variable N Censored at 5 years Censored at 5 years PH corrected Censored at 10 years

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

MammaPrinta

Low risk 512 1 1 1
High risk 146 1.52 (0.78-2.98) 0.2224 22.0 (3.26-148) 0.0015 1.91 (1.11-3.27) 0.0191

Age, years 658 1.02 (0.98-1.06) 0.3741 1.02 (0.99-1.05) 0.1956
HR
Lower ERþþ or PRþþ 106 1 1
Higher ERþþ and PRþþ 542 0.56 (0.27-1.14) 0.1098 0.61 (0.33-1.13) 0.1179

Ki-67
Low 478 1 1
High 180 1.79 (0.95-3.35) 0.0698 2.11 (1.26-3.54) 0.0045

Tumor grade
G1 134 1 1
G2 524 0.91 (0.43-1.90) 0.8003 1.26 (0.64-2.48) 0.5117

T-stage
pT1 433 1 1
pT2/pT3 225 4.08 (2.14-7.78) <0.0001 2.94 (1.75-4.93) <0.0001

N-stage
Negative 451 1 1
Positive 207 2.21 (1.20-4.08) 0.0110 2.01 (1.20-3.35) 0.0076

Clinical risk
C-low 358 1 1
C-high 297 4.10 (2.01-8.36) 0.0001 3.10 (1.78-5.41) <0.0001

CI, confidence interval; ER, estrogen receptor; HR, hormone receptor; N, number of patients in analysis set with available covariate information; distant recurrence including
distant metastases; censored for secondary carcinoma and death due to any cause; PR, progesterone.
a Proportional hazard (PH)-corrected model for MammaPrint at 5 years.

High riskLow riskGroup:

512 502 492 475 456 438 423 411 386 302 215
146 141 134 128 122 118 115 111 100 72 57
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Log-rank P = 0.0171

10 years, High risk: 84.81% (77.36%-89.97%)
10 years, Low risk: 91.30% (88.19%-93.62%)

Figure 2. Time to first distant recurrence (censored at 10 years) by the MammaPrint risk group.
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variables: taking into account the violation of the pro-
portional risk assumption over time, there is a statistically
independent contribution of the test at 5 years. These
data are not confirmed when censored at 10 years
(Table 2) and the multivariable model without correction
6 https://doi.org/10.1016/j.esmoop.2020.100006
would suggest that tumor size and nodal status in this
cohort of patients, rather than proliferation index and
hormone receptor status, drive the occurrence of events.
This finding is in contrast to prior validation studies car-
ried out on cohorts with a more heterogeneous patient
Volume 6 - Issue 1 - 2021
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Influence of censoring time
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Figure 3. Censoring time, events, and HR for distant recurrence over time.
(A) HR and 95% confidence intervals for time to DR comparing MP high risk versus low risk, adjusted for clinical risk according to tumor size and nodal status and for increasing
arbitrary censoring times. (B) Cumulative proportions of events over all time points. CP, cumulative proportion; DR, distant recurrence; HR, hazard ratio; MP, MammaPrint.

Table 3. Multivariable Cox regression analysis, 5- and 10-year distant recurrence censoring

Variable N Censored at 5 years Censored at 5 years PH correction Censored at 10 years

Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value Hazard ratio (95% CI) P value

MammaPrinta

Low risk 507 1 1 1
High risk 141 1.06 (0.50-2.22) 0.8798 13.3 (1.92-92.7) 0.0088 1.28 (0.69-2.35) 0.4368

Age, years 648 1.01 (0.97-1.05) 0.5621 1.01 (0.97-1.05) 0.5178 1.01 (0.98-1.05) 0.4164
HR
Lower ERþþ or PRþþ 106 1 1 1
Higher ERþþ and PRþþ 542 0.65 (0.32-1.34) 0.2453 0.65 (0.32-1.35) 0.2505 0.71 (0.38-1.33) 0.2840

Ki-67
Low 473 1 1 1
High 175 1.62 (0.80-3.24) 0.1775 1.60 (0.80-3.22) 0.1859 1.74 (0.97-3.12) 0.0633

Tumor grade
G1 132 1 1 1
G2 516 0.67 (0.32-1.43) 0.3026 0.69 (0.33-1.47) 0.3375 0.91 (0.46-1.83) 0.8016

T-stage
pT1 427 1 1 1
pT2/pT3 221 3.89 (1.97-7.71) <0.0001 3.84 (1.94-7.61) 0.0001 2.53 (1.47-4.36) 0.0008

N-stage
Negative 444 1 1 1
Positive 204 1.73 (0.92-3.24) 0.0894 1.71 (0.91-3.21) 0.0959 1.72 (1.01-2.92) 0.0453

CI, confidence interval; ER, estrogen receptor; HR, hormone receptor; PH, proportional hazard; PR, progesterone. distant recurrence including distant metastases; censored for
secondary carcinoma and death due to any cause; N, number of patients in the analysis set with available covariate information.
a Variables included: MammaPrint (low risk and high risk), age, HR (low and high), Ki-67 (low and high), tumor grade (G1 and G2), T-stage (pT1 and pT2/pT3), and N-stage
(negative and positive).
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population, including such with node-positive patients18

and including a single study that was carried out on
FFPE archived samples.19

In contrast to prior validation studies in the ABCSG-8
biomarker cohort, this analysis comprises a small subset.
Figure 3 illustrates large CIs due to the small number of
events, especially during the first 3 years. In addition, the
timing of events plays a major role in outcome analyses and
this subset may have led to a different distribution over
time compared with other validation analyses using the
entire cohort. Indeed, in other validation studies we had
not experienced a PH violation over time.10,11

When using the approach of testing the PH assumption
by analyzing a premodel including interaction of the vari-
able(s) of interest with time as time-dependent covariate(s),
the resulting HR shows the baseline effect of the examined
variable(s) of interest. By contrast, results without time-
dependent modeling show the time-averaged effect. In
this study the baseline effect of MammaPrint is quite high
and decreases over time. This can also be seen in Figure 3,
where HRs for MammaPrint (adjusted for clinical risk
groups) for increasing arbitrary censoring times are shown.

The ABCSG-8 biomarker cohort has previously been used
to investigate the clinical validity of two other commercially
available gene expression tests.10,11 The most striking dif-
ferences in comparison to the current study are (i) the
higher rate of successful RNA extraction and analysis
(leading to a larger cohort and higher statistical power), (ii)
the clear independence of the prognostic value from clinical
variables, as shown in multivariable models or similar sta-
tistical tests. In the case of EndoPredict, we were also able
to show that the test improves prognostic classification in
comparison to clinical guidelines.20

The most striking difference from prior validation cohorts
of the MammaPrint test itself, however, is the homogeneity
of this small subset: ABCSG-8 patients were randomized to
two different endocrine treatments but did not receive
adjuvant chemotherapy. Undifferentiated tumors (G3) were
an exclusion criterion. As a result, ABCSG-8 comprises pa-
tients that had a rather low rate of nodal involvement;
indeed, only 3% showed involvement of more than three
nodes. Keeping in mind that patients with HER2 over-
expression were also removed from the cohort, it is not
surprising that within this biologically homogenous, lower-
risk cohort the prognosis is driven by anatomy rather
than biological factors such as the proliferation index, the
expression of hormone receptors, and MammaPrint profile
(Supplementary Figure 1B, available at https://doi.org/10.
1016/j.esmoop.2020.100006).

The strengths of this analysis include the predefined
statistical analysis plan which retrospectively analyzed a
prospectively randomized cohort from a large phase III
endocrine trial. This cohort also provided FFPE tumor
samples with monitored clinical data including long-term
survival events. At the same time, the test could only be
carried out in a relatively small sample of patients and given
8 https://doi.org/10.1016/j.esmoop.2020.100006
the high sample failure rate this provides a smaller chance
of showing statistically significant findings.

In future validation projects of the test it will be impor-
tant to obtain FFPE samples from more recent cohorts and
thus obtain a clearer understanding of the prognostic test in
otherwise similar ER-positive cohorts of patients. Another
weakness of this study concerns the biomarker cohort itself:
none of these patients were treated with chemotherapy;
therefore, we were not able to investigate predictive effects
of the test.

The MammaPrint test showed significant prognostic
performance at 5 and 10 years of follow-up. In the partic-
ular cohort of ABCSG-8, the statistical independence from
clinically assessed covariates remains unclear, and thus no
conclusions concerning the clinical validity of the test can
be drawn.
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