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Abstract

IMPORTANCE There is a need for biomarkers that predict late recurrence risk and extended
endocrine therapy (EET) benefit among patients with early-stage breast cancer (EBC). MammaPrint,
a 70-gene expression risk-of-recurrence assay, has been found to project significant EET benefit in
patients with assay-classified low-risk tumors.

OBJECTIVE To determine the test's utility in identifying which patients with EBC in the IDEAL
(Investigation on the Duration of Extended Adjuvant Letrozole) trial could benefit from 5-year vs
2.5-year letrozole treatment.

DESIGN, SETTING, AND PARTICIPANTS This secondary analysis of the IDEAL randomized clinical
trial evaluated postmenopausal women with hormone receptor-positive EBC who were assigned to
either 2.5 or 5 years of EET, with 10 years of follow-up after randomization. A 70-gene assay was used
to classify tumors as high, low, or ultralow risk. Adverse event (AE) frequency and treatment
compliance were evaluated. Statistical analyses were performed from April 2022 to

September 2024.

INTERVENTIONS After 5 years of endocrine therapy, patients were randomized to 2.5 or 5 years of
EET with letrozole.

MAIN OUTCOMES AND MEASURES Primary end point was distant recurrence (DR). Cox
proportional hazard regression models and likelihood ratios tested the interaction between
treatment and gene expression assay.

RESULTS Among 515 women included (mean [SD] age at randomization, 59.9 [9.5] years), 265 were
in the 2.5-year treatment arm and 250 in the 5-year treatment arm. Of these patients, 223 (43.3%)
patients with 70-gene assay-classified low-risk tumors had a significant absolute benefit of 10.1% for
DR (hazard ratio, 0.32; 95% Cl, 0.12-0.87; P = .03). Treatment interaction was not significant for DR.
Of patients with either 70-gene assay-classified high-risk tumors (259 [50.3%]) or ultralow risk
tumors (33 [6.4%]), 5 years vs 2.5 years of EET was not associated with improved benefit for DR. As
expected, rates of AEs and treatment discontinuation were comparable among the different 70-gene
assay risk groups in each treatment arm.

CONCLUSIONS AND RELEVANCE This secondary analysis of the IDEAL trial found that the 70-gene
assay identified patients with low-risk tumors who could benefit from 5-year vs 2.5-year EET. These
findings suggest that this gene expression assay could go beyond guiding neoadjuvant and adjuvant
chemotherapy decisions to informing the optimal duration of adjuvant endocrine therapy.

(continued)
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Question Cana 70-gene expression
risk-of-recurrence assay, identify which
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Findings In this secondary analysis of a
randomized clinical trial involving 515
patients, 5 years of EET was associated
with a significant reduction in late
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could avoid EET-related adverse events.

Meaning Findings of this study suggest
that a 70-gene expression risk-of-
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endocrine response and can identify a
subset of patients with EET-improved
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Introduction

Patients with hormone receptor (HR)-positive breast cancer have 10% to 40% risk of distant
metastasis, which persists beyond the initial 5 years of adjuvant endocrine therapy."? Extended
tamoxifen duration demonstrated reduced late recurrence risk in the ATLAS (Adjuvant Tamoxifen:
Longer Against Shorter) and aTTom (Adjuvant Tamoxifen—To Offer More?) trials.>* The benefits and
optimal duration of aromatase inhibitor therapy beyond 5 years after initial endocrine therapy have
been evaluated in several clinical trials, including the NCIC CTG (National Cancer Institute of Canada
Clinical Trials Group) MA-17, NSABP (National Surgical Adjuvant Breast and Bowel Project) B-42,
ABCSG-16 (Austrian Breast and Colorectal Cancer Study Group Trial-16), and IDEAL (Investigation on
the Duration of Extended Adjuvant Letrozole).>®

In the IDEAL trial, postmenopausal patients with HR-positive early-stage breast cancer (EBC)
were randomized to receive 2.5 years or 5 years of letrozole treatment after 5 years of standard
adjuvant endocrine therapy.® After a median follow-up of 6.5 years, extended endocrine therapy
(EET) showed no significant benefit on the primary end point of disease-free survival or secondary
end points of overall survival and distant metastasis-free survival. For postmenopausal patients with
a high risk of late recurrence, the NCCN (National Comprehensive Cancer Network) Guidelines'™
recommend up to 10 years of adjuvant endocrine therapy. However, the IDEAL trial and similar trials
report a modest EET benefit along with increased adverse events (AEs) and financial costs, which
are associated with treatment noncompliance.®”°""12 These findings underscore a critical need for
biomarkers, or genomic classifiers, that can be used to accurately identify patients who could benefit
from EET.

Widely used gene expression assays personalize adjuvant treatment for HR-positive, ERBB2
(formerly HER2)-negative EBC and have been proven to allow chemotherapy de-escalation for
patients with clinically high risk but genomically low risk.'>"® The 70-gene expression assay classifies
EBC as having a high risk or low risk of distant metastasis."”'® In the MINDACT (Microarray In Negative
or Up to Three Nodes Disease May Avoid ChemoTherapy) trial, patients with 70-gene-classified
low-risk tumors had excellent 9-year outcomes without chemotherapy despite clinical high-risk
features.'® Within the low-risk category, a threshold was established to detect indolent tumors in
patients, referred to as having ultralow risk, who have excellent 20-year outcome with little to no
endocrine therapy.'®3 Conversely, patients with 70-gene assay-classified high-risk tumors had
substantially improved survival with chemotherapy, confirming this test's value in guiding adjuvant
chemotherapy decisions.?*2°

The utility of gene expression assays has been evaluated for projecting risk of late relapse and
EET benefit. Secondary analyses of the ATAC (Arimidex, Tamoxifen, Alone or in Combination) and
NSABP B-14 trials demonstrated that one assay did not predict late (years 5-10) distant recurrence
(DR).2%?” However, integration of clinicopathologic features with a recurrence score (using RSClin
tool) improved late recurrence risk estimates.?® No studies have shown this assay to be predictive of
EET benefit. Breast Cancer Index, consisting of a 5-gene molecular grade index panel and a 2-gene
HOXBI13/IL17BR (H/1) ratio, has been shown to be a prognostic biomarker to predict late recurrence in
HR-positive EBC in the ATAC and TEAM (Tamoxifen and Exemestane Adjuvant Multinational)
trials,26-30

ratio componen

and some randomized clinical trials have suggested prediction of EET benefit by the H/I
t.31-33

In the STO-5 (Stockholm tamoxifen) trial, patients with high-risk tumors were shown to have
the majority of recurrence risk in the first 5 years, whereas patients with low-risk tumors continued to
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be at risk of recurrence beyond 10 to 15 years.3* A study found that the 70-gene expression risk-of-
recurrence assay predicted EET benefit in a translational cohort of the NSABP B-42 trial.>*
Specifically, 5 additional years of letrozole therapy compared with placebo was associated with
improved DR, disease-free survival, and breast cancer-free interval (BCFI) in patients with 70-gene
assay-classified low-risk tumors but not among patients with high-risk or ultralow-risk tumors.*
Therefore, in the IDEAL trial translational cohort, we hypothesized that the 70-gene assay would
identify a subgroup of patients who could benefit from EET. The primary objective of this secondary
analysis was to determine the assay'’s utility in identifying which patients with EBC could benefit from
a 5-year vs 2.5-year letrozole treatment.

Methods

Patients and Study Design

The IDEAL trial was a prospective phase 3 trial that randomized postmenopausal patients with
HR-positive EBCin a 1:1ratio to 2.5 or 5 years of letrozole after 5 years of endocrine therapy. as
described in the trial protocol (Supplement 1) and original report.® The study was conducted in
compliance with the guidelines of the Declaration of Helsinki,?® International Conference on
Harmonisation, and Good Clinical Practice in the 73 participating hospitals in the Netherlands. All
patients provided written informed consent, including for the use of biospecimens in further studies;
patients who withdrew their consent were excluded from analysis. Central ethical approval was
provided by the Medical Ethical Committee of the Leiden University Medical Center, including
biomarker studies. This Medical Ethical Committee also approved the secondary analyses.

Patients with follow-up and available primary tumor tissue were included (eFigure in
Supplement 2). Median (IQR) follow-up after randomization was 10.2 (9.4-10.8) years (data locked on
April 19,2022). Both groups received letrozole for the first 2.5 years after randomization. The original
IDEAL trial was powered to show a difference in event rate starting at 2.5 years after randomization
for EET, when 1treatment arm continued letrozole for another 2.5 years, whereas the other
treatment arm discontinued letrozole. Additionally, including or excluding patients with an event or
treatment time less than 2.5 years after randomization did not affect the results.® This study followed
the original IDEAL trial analysis plan, excluding events or treatment time less than 2.5 years.

The primary end point—freedom from DR—was defined as time starting 2.5 years after
randomization to DR. Secondary end points were recurrence-free interval (RFI; time to local
recurrence, regional recurrence, or DR) and BCFI (time to local recurrence, regional recurrence, or DR
or contralateral breast cancer) starting 2.5 years after randomization.

All end points followed the STEEP (Standardized Definitions for Efficacy End Points) criteria.>”
The distribution of EET-related AEs among the 70-gene assay-classified risk groups was also
evaluated.

Molecular Testing

MammaPrint, a microarray gene expression analysis, was performed at Agendia Inc.3®4' Samples
contained 30% tumor cells or greater, and extracted RNA from formalin-fixed paraffin-embedded
tissue was converted to cDNA, amplified, labeled, and hybridized onto Agendia’s diagnostic arrays
(custom-designed, Agilent Technologies). The test indexes were generated while blinded to clinical
outcome, defining 3 risk categories: high risk (index: -1.000 to 0), low risk (index: 0.001 to 0.355),
and ultralow risk (index: 0.356 to 1.000).

Statistical Analysis

Clinical and tumor characteristics were compared with the overall IDEAL cohort using x tests for
goodness of fit and compared within each therapy group to check for biases. Proportions were
compared using x, Fisher exact test for small groups, unpaired, 2-tailed t test for continuous
normally distributed data, and Mann-Whitney test for comparison of medians. Kaplan-Meier analysis
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and log-rank test were used to assess differences in DR, RFI, and BCFI between treatment groups for
each gene expression assay risk category. Competing risk analyses were not performed since the
same results are obtained across different end points and more complex end points include the
former end point. In earlier translational analyses of the IDEAL cohort, no competing risk analyses
were performed for the same reason, enabling a direct comparison with previous analyses. Hazard
ratios and 95% Cls were computed with stratified Cox proportional hazards regression model to
estimate relative benefits within each gene expression assay risk group. Likelihood ratio tests based
on stratified Cox proportional hazards were used to evaluate treatment-by-risk group interaction.

All reported P values are 2-sided, and P < .05 indicated statistical significance. The frequency of
AEs and treatment compliance data collected during active treatment in the IDEAL trial®*2
evaluated across the gene expression assay risk groups (eTable in Supplement 2). Statistical analyses
were performed from April 2022 to September 2024 using SPSS, version 27.0 (SPSS Inc), or R,
version 4.1.1 (R Project for Statistical Computing).

were

Results

Patient Characteristics

Tumor specimens were available for 869 of 1821 eligible patients of the original IDEAL trial. Gene
expression assay results were generated for 545 patients. Patients with a recurrence within 2.5 years
after randomization were excluded, resulting in a translational cohort of 515 women (mean [SD] age
at randomization, 59.9 [9.5] years), of whom 265 were in the 2.5-year treatment arm and 250 in the
5-year treatment arm (eFigure in Supplement 2).

There were no statistical differences in clinical and treatment characteristics between the
translational and original cohorts (Table 1). In this study, the mean (SD) tumor size was 24.9 (14.2)
mm, and most tumors were invasive ductal carcinoma and grade 2 or 3 (Table 2). Of 479 patients
with known Clinical Treatment Score post-5 years (CTS5),*3 87 patients (16.9%) had low risk of
recurrence (53 with 70-gene assay-classified ultralow and low risk, and 34 with high risk), 180
(35.0%) had intermediate risk of recurrence (87 with 70-gene assay-classified ultralow and low risk,
and 93 with high risk), and 212 (41.2%) had high risk of recurrence (98 with 70-gene assay-
classified ultralow and low risk, and 114 with high risk). Of the 515 patients, 356 (69.1%) received
adjuvant chemotherapy and 353 (58.5%) received radiotherapy. Treatment arms were balanced with
comparable clinical and pathology characteristics (Table 2).

As in the original IDEAL cohort, there was no significant benefit from 5 years vs 2.5 years of EET
in the unstratified translational cohort for all end points (Table 3). The 10-year postrandomization
DR probability was 87.8% (95% Cl, 83.7%-91.9%) in the 2.5-year group vs 92.4% (95% Cl,
89.1%-95.7%) in the 5-year group (hazard ratio, 0.61; 95% Cl, 0.34-1.09; P = .10). The 10-year RFI
rates were 86.2% (95% Cl, 81.9%-90.5%) and 89.2% (95% Cl, 85.3%-93.1%) in the 2.5- and 5-year
groups, respectively (hazard ratio, 0.75; 95% Cl, 0.45-1.25; P = .27), and the 10-year BCFI rates were
comparable for each group (Table 3).

The 70-gene assay classified 259 patients (50.3%) as high risk (134 in the 2.5-year and 125 in the
5-year groups), 223 (43.3%) as low risk (112 in the 2.5-year and 111 in the 5-year groups), and 33
(6.4%) as ultralow risk (19 in the 2.5-year and 14 in the 5-year groups). Among patients with 70-gene
assay-classified high risk, 34 (13.1%) had CTS5 low risk, 93 (35.9%) intermediate risk, and 114 (44.0%)
high clinical risk. Among patients with 70-gene assay-classified low risk, 43 (19.3%) had CTS5 low,
74 (33.2%) intermediate, and 90 (40.3%) high clinical risk.

EET Benefit

Patients with 70-gene assay-classified low risk exhibited the largest benefit from extended letrozole
treatment at 10 years. The DR-free rate was 85.2% (95% Cl, 78.5%-91.9%) in the 2.5-year group vs
95.3% (95% Cl, 91.2%-99.4%) in the 5-year group, and relative risk was lower (hazard ratio, 0.32;
95% Cl, 0.12-0.87; P = .03) (Figure, A and Table 3). Treatment interaction comparing 70-gene assay-
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classified low risk to high risk was not significant. In contrast, patients with 70-gene assay-classified
high risk showed no significant benefit from 5 years vs 2.5 years of EET, with 10-year DR-free rates of
90.0% (95% Cl, 84.9%-95.1%) and 90.9% (95% Cl, 85.8%-96.0%), respectively (hazard ratio, 0.88;
95% Cl, 0.40-1.97; P = .76) (Figure, B and Table 3).

Among patients with 70-gene assay-classified low-risk tumors, the 10-year RFI rate was 81.5%
(95% Cl, 74.2%-88.8%) for the 2.5-year group vs 93.2% (95% Cl, 88.3%-98.1%) for the 5-year
group, and relative risk was lower (hazard ratio, 0.35; 95% Cl, 0.15-0.82; P = .02) (Figure, C and
Table 3). The association of letrozole with RFI rate was significantly different in 70-gene assay-
classified low risk vs high risk (P for interaction = .02). Conversely, patients with high risk showed no
significant EET benefit, with 10-year RFI rates of 90.1% (95% Cl, 85.0%-95.2%) in the 2.5-year arm
vs 86.5% (95% Cl, 80.2%-92.8%) in the 5-year arm (hazard ratio, 1.28; 95% Cl, 0.62-2.67; P = .51)
(Figure, D and Table 3). The EET benefit and relative risk reduction for BCFI was observed but not
significant in the low-risk group (10-year BCFI rates: 80.6% [95% Cl, 73.2%-88.0%] in the 2.5-year
arm vs 90.3% [95% Cl, 84.6%-96.0%] in the 5-year arm; hazard ratio, 0.48; 95% Cl, 0.23-1.02;

P = .06) (Table 3). Patients with high risk showed no EET benefit for BCFI (hazard ratio, 1.10; 95% Cl,
0.57-2.14; P = .78) (Table 3). There was no significant treatment interaction for BCFI between low-risk
and high-risk groups. Although few patients had an ultralow-risk tumor, they did not derive any EET
benefit for all end points (Table 3).

Safety and Treatment Compliance Among 70-Gene Assay-Classified Risk Groups
Of the 515 patients, 332 (64.5%) reported AEs, 168 in the 2.5-year group and 164 in the 5-year EET
group (eTable in Supplement 2). A total of 876 AEs (412 in 2.5-year group, and 464 in 5-year group)

Table 1. Clinical and Treatment Characteristics of Patients in the Original IDEAL Trial and Translational Cohorts

Patients, No. (%)

Translational cohort IDEAL trial cohort
Characteristic (n=515) (n=1821) P value
Tumor type
Ductal 415 (80.6) 1415 (77.7)
Lobular 75 (14.6) 296 (16.3) .35
Other 25(4.8) 110 (6.0)
Grade
1 72 (14.0) 286 (15.7)
2 216 (41.9) 774 (42.5)
3 194 (37.7) 566 (31.1) 07
Unknown 33(6.4) 195 (10.7)
Tumor size, mean (SD), mm 24.9 (14.2) 24.6 (14.5) .66
Nodal stage
pNO 148 (28.7) 476 (26.1)
pN1 262 (50.9) 994 (54.6)
pN2 82 (15.9) 257 (14.1) 42
pN3 22 (4.3) 85 (4.7)
Missing data 1(0.2) 9(0.5)
ERBB2
Negative 117 (22.7) 392 (21.5)
Positive 124 (24.1) 445 (24.5) .85
Unknown 274 (53.2) 984 (54.0)
EET treatment
2.5-y Letrozole 265 (51.5) 908 (49.8)
5-y Letrozole 250 (48.5) 913 (50.2) 52
Chemotherapy
Yes 356 (69.1) 1243 (68.3) Abbreviations: EET, extended endocrine therapy;
No 159 (30.9) 578 (31.7) 71 IDFAL, Investigation on the Duration of Extended
Adjuvant Letrozole.
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were reported among the 332 patients, of which most were grade 1or 2 (90.3% in the overall IDEAL

trial).®

The most frequently reported AEs in both groups were musculoskeletal and connective tissue
(202 [23.1%]), gastrointestinal (91[10.4%]), and vascular disorders (91 [10.4%]). As expected, AE

Table 2. Patient Characteristics of Translational Cohort in Each Treatment Arm

Patients in translational cohort, No. (%)
2.5-y EET letrozole 5-y EET letrozole

Characteristics (n = 265) (n = 250) Total (n = 515) P value
Age at randomization, mean (SD),y  60.0 (9.0) 59.7 (10.0) 59.9 (9.5) .52
Tumor size, mean (SD), mm 25.9(15.8) 24.0(12.2) 24.9(14.2) 27
Tumor type
Ductal 210(79.2) 205 (82.0) 415 (80.6)
Lobular 39 (14.7) 36 (14.4) 75 (14.6) 59
Other 16 (6.1) 9(3.6) 25(4.8)
Grade
1 38(14.3) 34(13.6) 72 (14.0)
2 112 (42.3) 104 (41.6) 216 (41.9)
3 98 (37.0) 96 (38.4) 194 (37.7) 71
Unknown 17 (6.5) 16 (6.4) 33(6.4)
Nodal stage
pNO 82(30.9) 66 (26.4) 148 (28.7)
pN1 130 (49.1) 132 (52.8) 262 (50.9)
pN2 45 (17.0) 37 (14.8) 82 (15.9) 32
pN3 8(3.0) 14 (5.6) 22 (4.3)
Missing data 0 1(0.4) 1(0.2)
ER
Negative 5(1.9) 10 (4.0) 15 (2.9)
Positive 260 (98.1) 240 (96.0) 500 (97.1) 19
PR
Negative 43(16.2) 51(20.4) 94 (18.3)
Positive 209 (78.9) 188 (75.2) 397 (77.1) 47
Unknown 13 (4.9) 11 (4.4) 24 (4.7)
ERBB2
Negative 62 (23.4) 55(22.0) 117 (22.7)
Positive 61(23.0) 63 (25.2) 124 (24.1) .83
Unknown 142 (53.6) 132 (52.8) 274 (53.2)
CTS5 risk
Low 44 (16.6) 43 (17.2) 87 (16.9)
Intermediate 91 (34.3) 89 (35.6) 180 (35.0)
High 113 (42.6) 99 (39.6) 212 (41.2) -89
Unknown 17 (6.4) 19 (7.6) 36 (7.0)
Chemotherapy
No 80(30.2) 79 (31.6) 159 (30.9)
Yes 185 (69.8) 171 (68.4) 356 (69.1) 73
Radiotherapy .65
No 81 (30.6) 81 (32.4) 162 (31.5)
Yes 184 (69.4) 169 (67.6) 353(58.5)
Previous endocrine therapy duration, 5.01 (0.36) 5.06 (0.20) 5.04 (0.29) 66
mean (SD), y
Letrozole status within 2.5y
Never started 3(1.1) 0 3(0.6)
Discontinued within 2.5y 58 (21.9) 57 (22.8) 115 (22.3)
Receiving therapy 203 (76.6) 192 (76.8) 395 (76.7) 41 Abbreviations: CTS5, Clinical Treatment Score post-5
Missing data 100.4) 1(0.4) 2(0.4) years; EET, extended endocrine therapy; ER, estrogen
receptor; PR, progesterone receptor.
& JAMA Network Open. 2024;7(11):e2447530. doi:10.1001/jamanetworkopen.2024.47530 November 27,2024 6/13

Downloaded from jamanetwork.com by guest on 11/27/2024



JAMA Network Open | Oncology

Selection of Patients With Early-Stage Breast Cancer for Extended Endocrine Therapy

frequency was comparable across 70-gene assay risk groups within each treatment arm. The mean
number of AEs per person was 2.45 in those with high-risk, 2.54 with low-risk, and 1.78 with ultralow-
risk tumors treated with 2.5 year of EET compared with 2.67 patients with high-risk tumors, 2.95

Table 3. Ten-Year Outcome of 5 Years vs 2.5 Years of Extended Endocrine Therapy (EET) Stratified by 70-Gene Assay-Classified Risk

2.5-y EET 5-y EET Absolute

70-Gene assay-classification No. of 10-y Outcome No. of 10-y Outcome benefit, % P value for
and end point events (95%Cl), % events (95% Cl), % difference  HR (95% Cl) Pvalue interaction®
Unstratified risk (n = 515)

DR free 31 87.8(83.7-91.9) 19 92.4 (89.1-95.7) 4.6 0.61 (0.34-1.09) .10 NA

RFI 35 86.2 (81.9-90.5) 27 89.2 (85.3-93.1) 3.0 0.75 (0.45-1.25) .27 NA

BCFI 42 83.9(79.4-88.4) 32 87.2(82.9-91.5) 3.3 0.77 (0.48-1.23) .27 NA

High risk (n = 259)

DR free 13 90.0 (84.9-95.1) 11 90.9 (85.8-96.0) 0.9 0.88 (0.40-1.97) .76 [Reference]
RFI 13 90.1 (85.0-95.2) 16 86.5(80.2-92.8) -3.6 1.28 (0.62-2.67) .51 [Reference]
BCFI 18 87.0(81.1-92.9) 18 84.8(78.3-91.3) =27 1.10(0.57-2.14) .78 [Reference]
Low risk (n = 223)

DR free 16 85.2(78.5-91.9) 5 95.3(91.2-99.4) 10.1 0.32(0.12-0.87) .03 12

RFI 20 81.5(74.2-88.8) 8 93.2(88.3-98.1) 11.7 0.35(0.15-0.82) .02 .02

BCFI 21 80.6 (73.2-88.0) 11 90.3 (84.6-96.0) 9.7 0.48 (0.23-1.02) .06 .10
Ultralow risk (n = 33)

DR free 2 87.7 (71.6-100) 3 84.6 (65.0-100) -3.1 1.52(0.21-10.78) .68 NA

RFI 2 87.7 (71.6-100) 3 84.6 (65.0-100) =241l 1.52(0.21-10.78) .68 NA

BCFI 3 82.3(63.9-100) 3 84.6 (65.0-100) 2.3 1.01 (0.17-6.06) .99 NA
Abbreviations: BCFI, breast cancer-free interval; DR, distant recurrence; HR, hazard 2 Pvalue for interaction: low risk vs high risk (reference).

ratio; NA, not applicable; RFI, recurrence-free interval.

Figure. Projection of Extended Endocrine Therapy (EET) Benefit by a 70-Gene Assay Based on Freedom From Distant Recurrence (DR)

and Recurrence-Free Interval (RF1)
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Kaplan-Meier method was used to analyze freedom from DR and RFI comparing 2.5 years with 5 years of extended letrozole treatment. Log-rank test was used to determine

significant differences.
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with low-risk tumors, and 3.38 with ultralow-risk tumors treated with 5 year of EET; because of the
low AE frequency per person, SDs could not be reported (eTable in Supplement 2).

Of patients who reported AEs, 94 (28.3%) discontinued therapy early likely due to treatment-
emergent AEs®2® (43 in 2.5-year group, and 51in 5-year group) (eTable in Supplement 2). Within the
2.5-year EET group, 22 patients (24.7%) with high-risk tumors, 20 (28.6%) with low-risk tumors, and
1(111%) with ultralow-risk tumors stopped treatment early. Similarly, in the 5-year EET group, 26
patients (31.3%) with high-risk tumors, 22 (30.1%) with low-risk tumors, and 3 (37.5%) with ultralow-
risk tumors discontinued treatment early.

Discussion

Clinical trials investigating optimal EET duration to reduce the long-term recurrence risk for
HR-positive breast cancer have reported modest benefits, prompting the need to optimize patient
selection. This secondary analysis validated the ability of the 70-gene assay to identify patients who
benefit from EET or do not benefit, helping them avoid EET-associated AEs and the adverse
implications for quality of life. This translational work represents the second independent study to
validate the assay’s utility in projecting EET benefit to a total of 10 years, consistent with NSABP B-42
findings.>®

Patients with 70-gene assay-classified low-risk tumors (43%) derived significant 2- to 4-fold
improvement in outcome with 5 vs 2.5 years of EET compared with a nonsignificant EET benefit for
the unstratified cohort. Low-risk tumors revealed significant absolute benefit of 10.1% for DR
(DR-free rates, 85.2% in the 2.5-year group vs 95.3% in the 5-year group), 11.7% for RFI (RFI rates,
81.5% in the 2.5-year group vs 93.2% in the 5-year group), and 9.7% for BCFI (BCFI rates, 80.6% in
the 2.5-year group vs 90.3% in the 5-year group). Similarly, in NSABP B-42 there was a significant
absolute benefit for patients with 70-gene assay-classified low risk for the same primary end point
DR of 4.0%, and the same secondary end point BCFI of 7.9%, whereas the unstratified cohort
showed no significant EET benefit.3*

Previous studies reported a significant decrease in second primary breast malignant neoplasms
with EET, suggesting that benefit is derived from preventing secondary breast cancer rather than
relapse.®***” However, in this study, the DR and RFl end points did not include second primary
breast cancers as an event, which supports that the EET benefit is attributed to recurrence risk
reduction.

The EET benefit in patients with genomically low-risk tumors is important in considering data
from the STO-5 trial, which compared 2 years of endocrine therapy with placebo and demonstrated
that patients with low risk are at greater risk for later DR rather than early recurrence.3* In STO-5,
distant recurrence-free interval hazard rates steadily increased in untreated patients with low-risk
tumors, and substantial tamoxifen benefit was found at 20 years of follow-up.3* The biological
mechanisms underlying late recurrences in this tumor subgroup are not fully understood but may be
due to changes in the tumor microenvironment that, over time, activate dormant tumor cells and
increase metastatic potential.*® It is these late recurrences that appear to be preventable by EET.

In contrast, patients with 70-gene assay-classified high-risk tumors did not seem to benefit
from EET. These patients exhibited an early risk of relapse, in which most recurrences occurred
during the first 5 years after diagnosis. In the STO-5 trial, distant recurrence-free interval hazard rates
significantly decreased after 5 years in genomically high-risk tumors, corresponding to most
endocrine therapy benefit within the first 5 years.3* In this study, patients with high risk did not seem
to benefit from EET likely due to reduced risk of late recurrence and thereby an intrinsic decreased
sensitivity to hormone therapy.

Patients with ultralow-risk tumors did not have improved outcomes with EET. Although the
patient sample size in this subgroup was small, this finding is consistent with that of the NSABP B-42
trial, wherein no EET benefit was observed among 252 patients with 70-gene assay-classified
ultralow-risk tumors. Several clinical trials have shown that patients with these tumors have a low risk
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of DR and excellent long-term prognosis (>97% 10-year distant metastasis-free interval and >98%
10-year Breast Cancer Severity Score).'®2% The STO-3 and MINDACT trials demonstrated no
significant difference in long-term outcomes between patients with ultralow-risk tumors who
received endocrine therapy vs those without any systemic treatment.'®?' For patients with ultralow-
risk tumors, it seems EET is not the treatment for reducing the risk of recurrences.

The Breast Cancer Index, which predicts high vs low likelihood of EET benefit based on its
2-gene H/l ratio, was evaluated in the IDEAL trial. Patients with tumors with a high Breast Cancer
Index derived significant EET benefit for RFl and DFI (identical end point to BCFI here), whereas
those with tumors with a low Breast Cancer Index did not benefit.' Similar results were observed in
the NCIC CTG MA-1732 and aTTom trials, > leading to the Breast Cancer Index's inclusion in the NCCN
Guidelines.' In the recently published NSABP B-42 translational analysis, high vs low Breast Cancer
Index did not show statistically significant difference in extended letrozole therapy benefit for the
primary end point of RFI.*® However, in time-dependent analysis for DR, patients with high Breast
Cancer Index showed significant EET benefit after 4 years. In the NSABP B-42 trial, patients with
70-gene assay-classified low-risk tumors showed significant extended letrozole therapy benefit for
DR and BCFI.*° In the IDEAL and NSABP B-42 trials, both the 70-gene expression risk-of-recurrence
assay and Breast Cancer Index have the ability to identify a subset of patients of approximately 45%
who benefit from EET.

Current EET recommendations rely on clinically high-risk features, but studies suggest that
these factors are insufficient for predicting late recurrence or EET benefit as observed in the original
IDEAL trial.® In some studies, nodal status has been shown to predict EET benefit or it was found to
be dependent on treatment sequence.>° Clinical factors, including grade and Ki-67 expression, were
reported to be only moderately prognostic of DR after the first 5 years after diagnosis.? In the TEAM
and IDEAL trials, CTS5 high-risk tumors had lower observed late DR than predicted,®' suggesting an
overestimation of late recurrence risk in patients with clinically high risk. In the current analyses, over
53% of patients with CTS5 high risk were estimated not to benefit from EET based on a 70-gene
assay-classified high-risk result. Conversely, about half of patients with low or intermediate clinical
risk were 70-gene assay-classified low risk and projected to benefit from EET. These results indicate
that the assay may better optimize patient selection for EET compared with clinical characteristics.
A majority (80%) of patients in this study either had lymph node-negative breast cancer or 1to 3
positive lymph nodes. The assay’s projection of EET benefit should be limited to this patient
population.

Prolonged endocrine therapy in this study group was associated with considerable rates of
treatment discontinuation (28.3% with AE data), similar to the overall IDEAL trial (28.0% with AE
data).®*?>2 Patients with a 70-gene assay-classified high- or ultralow-risk result, representing more
than half of the patient cohort, did not benefit from extended treatment and thus may have
experienced an AE-associated impaired quality of life. These data support physicians in making
individualized risk-benefit-based decisions, identifying patients who do not benefit from EET and
may avoid treatment-emergent AEs as well as patients for whom treatment compliance is critical
because they have the highest risk of late recurrence and derive most benefit from EET.

Strengths and Limitations
A strength of this study is the analyses used updated 10.2 years of follow-up and included AE data. In
addition, the distribution of patient clinical and tumor characteristics was similar between the
translational and the original IDEAL trial cohort (Table 1) and between the treatment arms (Table 2).
Limitations of this study are, first, its retrospective design and inclusion of a subset of patients
due to limited tissue sample availability, which prevented analyses to be adjusted for covariates.
Additionally, there was limited racial diversity in the study population, which was likely primarily
White individuals compared with the population in the NSABP B-42 trial, which was more diverse in
race and ethnicity.”?* Second, nonsignificant treatment by risk interactions were observed for DR
and BCFI, possibly due to low event rates observed in the translational cohort. The significant
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interaction for BCFIl in the NSABP B-42 trial may be due to more secondary primary breast cancers
than observed in the IDEAL trial. Moreover, the sample size for the ultralow-risk group was small;
therefore, results in this group should be interpreted with caution. Extended letrozole treatment
duration differed between the IDEAL (5- vs 2.5-year) and NSABP B-42 (5-year vs placebo) trials.
Third, both translational analyses of the IDEAL and NSABP B-42 trials are limited to postmenopausal
patients; future studies should evaluate this 70-gene assay as a potential biomarker for EET benefit
in premenopausal patients.

Conclusions

In this secondary analysis of the IDEAL randomized clinical trial, identification of postmenopausal
patients with HR-positive EBC who benefited from extended letrozole treatment was associated
with the molecular biology of the tumors, measured as 70-gene assay-classified low risk. The finding
suggest that late recurrences in 70-gene assay-classified low-risk tumors may be preventable with
EET. Patients with genomically high-risk or ultralow-risk tumors could potentially avoid endocrine
overtreatment and associated adverse events. Overall, these data suggest a novel clinical utility for
the 70-gene expression risk-of-recurrence assay, extending its value beyond guiding neoadjuvant
and adjuvant chemotherapy decisions to informing the optimal duration of adjuvant

endocrine therapy.

ARTICLE INFORMATION
Accepted for Publication: September 16, 2024.

Published: November 27, 2024. doi:10.1001/jamanetworkopen.2024.47530

Open Access: This is an open access article distributed under the terms of the CC-BY-NC-ND License. © 2024 van
't Veer LJ et al. JAMA Network Open.

Corresponding Author: Laura J. van 't Veer, PhD, Department of Laboratory Medicine, University of California,
San Francisco, 2340 Sutter St, Room N415, San Francisco, CA 94115 (laura.vantveer@ucsf.edu).

Author Affiliations: Department of Laboratory Medicine, University of California, San Francisco (van 't Veer);
Department of Surgery, Leiden University Medical Center, Leiden, the Netherlands (Meershoek-Klein Kranenbarg,
Duijm-de Carpentier, Van de Velde, Liefers); Medical Affairs, Agendia Inc, Irvine, California (Kleijn, Dreezen,
Menicucci, Audeh).

Author Contributions: Prof van 't Veer and Ms Meershoek-Klein Kranenbarg had full access to all of the data in the
study and take responsibility for the integrity of the data and the accuracy of the data analysis.

Concept and design: van 't Veer, Kleijn, Liefers.

Acquisition, analysis, or interpretation of data: van 't Veer, Meershoek-Klein Kranenbarg, Duijm-de Carpentier,
Van de Velde, Dreezen, Menicucci, Audeh, Liefers.

Drafting of the manuscript: van 't Veer, Menicucci, Audeh.

Critical review of the manuscript for important intellectual content: All authors.

Statistical analysis: Dreezen, Menicucci.

Obtained funding: Kleijn.

Administrative, technical, or material support: Meershoek-Klein Kranenbarg, Duijm-de Carpentier, Van de Velde,
Kleijn, Menicucci.

Supervision: van 't Veer, Kleijn, Audeh, Liefers.

Conflict of Interest Disclosures: Prof van 't Veer is a part-time employee of and holds stock in Agendia Inc. Dr
Kleijn reported being a former employee of Agendia Inc. Mrs Dreezen reported receiving consulting fees from
Agendia. Drs Menicucci and Audeh reported being employees of Agendia Inc. No other disclosures were reported.

Funding/Support: This work was supported by the Leiden University Medical Center.

Role of the Funder/Sponsor: The funder had no role in the design and conduct of the study; collection,
management, analysis, and interpretation of the data; preparation, review, or approval of the manuscript; and
decision to submit the manuscript for publication.

[5 JAMA Network Open. 2024;7(11):e2447530. doi:10.1001/jamanetworkopen.2024.47530 November 27,2024 10/13

Downloaded from jamanetwork.com by guest on 11/27/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.47530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.47530
https://jamanetwork.com/pages/cc-by-nc-nd-license-permissions/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.47530
mailto:laura.vantveer@ucsf.edu

JAMA Network Open | Oncology Selection of Patients With Early-Stage Breast Cancer for Extended Endocrine Therapy

Meeting Presentation: Data from this study were presented at the 2022 San Antonio Breast Cancer Symposium,
December 9, 2022, San Antonio, Texas, and at the 18th St Gallen International Breast Cancer Conference; March
15, 2023; Vienna, Austria.

Data Sharing Statement: See Supplement 3.

Additional Contributions: We thank all of the patients who participated in the trial. We also thank the IDEAL
Investigators and coordinators across the 73 participating hospitals.

REFERENCES

1. Colleoni M, Sun Z, Price KN, et al. Annual hazard rates of recurrence for breast cancer during 24 years of
follow-up: results from the International Breast Cancer Study group trials | to V. J Clin Oncol. 2016;34(9):927-935.
doi:10.1200/JC0.2015.62.3504

2. PanH, Gray R, Braybrooke J, et al; EBCTCG. 20-year risks of breast-cancer recurrence after stopping endocrine
therapy at 5 years. N Engl J Med. 2017;377(19):1836-1846. doi:10.1056/NEJMoa1701830

3. Davies C, Pan H, Godwin J, et al; Adjuvant Tamoxifen: Longer Against Shorter (ATLAS) Collaborative Group.
Long-term effects of continuing adjuvant tamoxifen to 10 years versus stopping at 5 years after diagnosis of
oestrogen receptor-positive breast cancer: ATLAS, a randomised trial. Lancet. 2013;381(9869):805-816. doi:10.
1016/S0140-6736(12)61963-1

4. Gray RG, Rea D, Handley K, et al. aTTom: long-term effects of continuing adjuvant tamoxifen to 10 years versus
stopping at 5 years in 6,953 women with early breast cancer. J Clin Oncol. 2013;31(18 suppl):5. doi:10.1200/jco.2013.
31.18_suppl.5

5. Goss PE, Ingle JN, Martino S, et al. A randomized trial of letrozole in postmenopausal women after five years of
tamoxifen therapy for early-stage breast cancer. N Engl J Med. 2003;349(19):1793-1802. doi:10.1056/
NEJMoa032312

6. Goss PE, Ingle JN, Martino S, et al. Randomized trial of letrozole following tamoxifen as extended adjuvant
therapy in receptor-positive breast cancer: updated findings from NCIC CTG MA.17. J Natl Cancer Inst. 2005;97
(17):1262-1271. doi:10.1093/jnci/dji250

7. Mamounas EP, Bandos H, Lembersky BC, et al. Use of letrozole after aromatase inhibitor-based therapy in
postmenopausal breast cancer (NRG Oncology/NSABP B-42): a randomised, double-blind, placebo-controlled,
phase 3 trial. Lancet Oncol. 2019;20(1):88-99. doi:10.1016/51470-2045(18)30621-1

8. Gnant M, Fitzal F, Rinnerthaler G, et al; Austrian Breast and Colorectal Cancer Study Group. Duration of adjuvant
aromatase-inhibitor therapy in postmenopausal breast cancer. N Engl J Med. 2021;385(5):395-405. doi:10.1056/
NEJMo0a2104162

9. Blok EJ, Kroep JR, Meershoek-Klein Kranenbarg E, et al; IDEAL Study Group. Optimal duration of extended
adjuvant endocrine therapy for early breast cancer; results of the IDEAL Trial (BOOG 2006-05). J Nat! Cancer Inst.
2018;110(1). doi:10.1093/jnci/djx134

10. NCCN Clinical Practice Guidelines in Oncology for Guideline Breast Cancer: version 1. 2024. National
Comprehensive Cancer Network Inc. Accessed February 19, 2024. https://www.nccn.org/guidelines/guidelines-
detail?category=1&id=1419

11. Pezzin LE, O'Niel MB, Nattinger AB. The economic consequences of breast cancer adjuvant hormonal
treatments. J Gen Intern Med. 2009;24(suppl 2):5446-5450. doi:10.1007/s11606-009-1079-5

12. Burstein HJ, Lacchetti C, Anderson H, et al. Adjuvant endocrine therapy for women with hormone receptor-
positive breast cancer: ASCO Clinical Practice Guideline focused update. J Clin Oncol. 2019;37(5):423-438. doi:10.
1200/JC0.18.01160

13. Sparano JA, Gray RJ, Makower DF, et al. Adjuvant chemotherapy guided by a 21-gene expression assay in
breast cancer. N Engl J Med. 2018;379(2):111-121. doi:10.1056/NEJM0al804710

14. Kalinsky K, Barlow WE, Gralow JR, et al. 21-gene assay to inform chemotherapy benefit in node-positive breast
cancer. N Engl J Med. 2021;385(25):2336-2347. doi:10.1056/NEJM0a2108873

15. Cardoso F, van't Veer LJ, Bogaerts J, et al; MINDACT Investigators. 70-gene signature as an aid to treatment
decisions in early-stage breast cancer. N Engl J Med. 2016;375(8):717-729. doi:10.1056/NEJMo0a1602253

16. Piccart M, van 't Veer LJ, Poncet C, et al. 70-gene signature as an aid for treatment decisions in early breast
cancer: updated results of the phase 3 randomised MINDACT trial with an exploratory analysis by age. Lancet
Oncol. 2021;22(4):476-488. doi:10.1016/51470-2045(21)00007-3

17. van de Vijver MJ, He YD, van't Veer LJ, et al. A gene-expression signature as a predictor of survival in breast
cancer. N Engl J Med. 2002;347(25):1999-2009. doi:10.1056/NEJM0a021967

[5 JAMA Network Open. 2024;7(11):e2447530. doi:10.1001/jamanetworkopen.2024.47530 November 27,2024 1/13

Downloaded from jamanetwork.com by guest on 11/27/2024


https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamanetworkopen.2024.47530&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.47530
https://dx.doi.org/10.1200/JCO.2015.62.3504
https://dx.doi.org/10.1056/NEJMoa1701830
https://dx.doi.org/10.1016/S0140-6736(12)61963-1
https://dx.doi.org/10.1016/S0140-6736(12)61963-1
https://dx.doi.org/10.1200/jco.2013.31.18_suppl.5
https://dx.doi.org/10.1200/jco.2013.31.18_suppl.5
https://dx.doi.org/10.1056/NEJMoa032312
https://dx.doi.org/10.1056/NEJMoa032312
https://dx.doi.org/10.1093/jnci/dji250
https://dx.doi.org/10.1016/S1470-2045(18)30621-1
https://dx.doi.org/10.1056/NEJMoa2104162
https://dx.doi.org/10.1056/NEJMoa2104162
https://dx.doi.org/10.1093/jnci/djx134
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419
https://www.nccn.org/guidelines/guidelines-detail?category=1&id=1419
https://dx.doi.org/10.1007/s11606-009-1079-5
https://dx.doi.org/10.1200/JCO.18.01160
https://dx.doi.org/10.1200/JCO.18.01160
https://dx.doi.org/10.1056/NEJMoa1804710
https://dx.doi.org/10.1056/NEJMoa2108873
https://dx.doi.org/10.1056/NEJMoa1602253
https://dx.doi.org/10.1016/S1470-2045(21)00007-3
https://dx.doi.org/10.1056/NEJMoa021967

JAMA Network Open | Oncology Selection of Patients With Early-Stage Breast Cancer for Extended Endocrine Therapy

18. van 't Veer LJ, Dai H, van de Vijver MJ, et al. Gene expression profiling predicts clinical outcome of breast
cancer. Nature. 2002;415(6871):530-536. doi:10.1038/415530a

19. Lopes Cardozo JMN, Drukker CA, Rutgers EJT, et al. Outcome of patients with an ultralow-risk 70-gene
signature in the MINDACT trial. J Clin Oncol. 2022;40(12):1335-1345. doi:10.1200/JC0.21.02019

20. Esserman LJ, Yau C, Thompson CK, et al. Use of molecular tools to identify patients with indolent breast
cancers with ultralow risk over 2 decades. JAMA Oncol. 2017;3(11):1503-1510. doi:10.1001/jamaoncol.2017.1261

21. van 't Veer LJ, Yau C, Yu NY, et al. Tamoxifen therapy benefit for patients with 70-gene signature high and low
risk. Breast Cancer Res Treat. 2017;166(2):593-601. doi:10.1007/s10549-017-4428-9

22. Noordhoek I, Bastiaannet E, de Glas NA, et al. Validation of the 70-gene signature test (MammaPrint) to
identify patients with breast cancer aged = 70 years with ultralow risk of distant recurrence: a population-based
cohort study. J Geriatr Oncol. 2022;13(8):1172-1177. doi:10.1016/j.jg0.2022.07.006

23. Opdam M, van der Noort V, Kleijn M, et al. Limiting systemic endocrine overtreatment in postmenopausal
breast cancer patients with an ultralow classification of the 70-gene signature. Breast Cancer Res Treat. 2022;194
(2):265-278. doi:10.1007/510549-022-06618-z

24. Knauer M, Mook S, Rutgers EJ, et al. The predictive value of the 70-gene signature for adjuvant chemotherapy
in early breast cancer. Breast Cancer Res Treat. 2010;120(3):655-661. doi:10.1007/s10549-010-0814-2

25. Albain KS, Paik S, van't Veer L. Prediction of adjuvant chemotherapy benefit in endocrine responsive, early
breast cancer using multigene assays. Breast. 2009;18(suppl 3):5141-5145. doi:10.1016/S0960-9776(09)70290-5

26. Sgroi DC, Sestak I, Cuzick J, et al. Prediction of late distant recurrence in patients with oestrogen-receptor-
positive breast cancer: a prospective comparison of the Breast-Cancer Index (BCl) assay, 21-gene recurrence score,
and IHC4 in the TransATAC study population. Lancet Oncol. 2013;14(11):1067-1076. doi:10.1016/51470-2045(13)
70387-5

27. Wolmark N, Mamounas EP, Baehner FL, et al. Prognostic impact of the combination of recurrence score and

quantitative estrogen receptor expression (ESR1) on predicting late distant recurrence risk in estrogen receptor-
positive breast cancer after 5 years of tamoxifen: results from NRG Oncology/National Surgical Adjuvant Breast

and Bowel Project B-28 and B-14. J Clin Oncol. 2016;34(20):2350-2358. doi:10.1200/JC0.2015.62.6630

28. Sparano JA, Crager M, Gray RJ, et al. Clinical and genomic risk for late breast cancer recurrence and survival.
NEJM Evid. 2024;3(8):EVID0a2300267. doi:10.1056/EVID0a2300267

29. Ma XJ, Salunga R, Dahiya S, et al. A five-gene molecular grade index and HOXB13:IL17BR are complementary
prognostic factors in early stage breast cancer. Clin Cancer Res. 2008;14(9):2601-2608. doi:10.1158/1078-0432.
CCR-07-5026

30. Bartlett JM, Xu K, Wong J, et al. 138MO prognostic performance of Breast Cancer Index (BCl) in
postmenopausal women with early-stage HR+ breast cancer in the TEAM trial. Ann Oncol. 2022;33:5602. doi:10.
1016/j.annonc.2022.07.173

31. Noordhoek I, Treuner K, Putter H, et al. Breast Cancer Index predicts extended endocrine benefit to
individualize selection of patients with HR* early-stage breast cancer for 10 years of endocrine therapy. Clin Cancer
Res. 2021;27(1):311-319. doi:10.1158/1078-0432.CCR-20-2737

32. Sgroi DC, Carney E, Zarrella E, et al. Prediction of late disease recurrence and extended adjuvant letrozole
benefit by the HOXB13/IL17BR biomarker. J Nat/ Cancer Inst. 2013;105(14):1036-1042. doi:10.1093/jnci/djt146

33. Bartlett JMS, Sgroi DC, Treuner K, et al. Breast Cancer Index and prediction of benefit from extended
endocrine therapy in breast cancer patients treated in the Adjuvant Tamoxifen-To Offer More? (@aTTom) trial. Ann
Oncol. 2019;30(11):1776-1783. doi:10.1093/annonc/mdz289

34. Johansson A, Dar H, van 't Veer LJ, et al. Twenty-year benefit from adjuvant goserelin and tamoxifen in
premenopausal patients with breast cancer in a controlled randomized clinical trial. J Clin Oncol. 2022;40(35):
4071-4082. doi:10.1200/JC0.21.02844

35. Rastogi P, Bandos H, Lucas PC, et al. Utility of the 70-gene MammaPrint assay for prediction of benefit from
extended letrozole therapy (ELT) in the NRG Oncology/NSABP B-42 trial. J Clin Oncol. 2021;39(15 suppl):502-502.
doi:10.1200/JC0.2021.39.15_suppl.502

36. World Medical Association. World Medical Association Declaration of Helsinki: ethical principles for medical
research involving human subjects. JAMA. 2013;310(20):2191-2194. doi:10.1001/jama.2013.281053

37. Tolaney SM, Garrett-Mayer E, White J, et al. Updated Standardized Definitions for Efficacy End Points (STEEP)
in adjuvant breast cancer clinical trials: STEEP version 2.0. J Clin Oncol. 2021;39(24):2720-2731. doi:10.1200/JCO.
20.03613

38. Krijgsman O, Roepman P, Zwart W, et al. A diagnostic gene profile for molecular subtyping of breast cancer
associated with treatment response. Breast Cancer Res Treat. 2012;133(1):37-47. doi:10.1007/s10549-011-1683-z

[5 JAMA Network Open. 2024;7(11):e2447530. doi:10.1001/jamanetworkopen.2024.47530 November 27,2024 12/13

Downloaded from jamanetwork.com by guest on 11/27/2024


https://dx.doi.org/10.1038/415530a
https://dx.doi.org/10.1200/JCO.21.02019
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jamaoncol.2017.1261&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.47530
https://dx.doi.org/10.1007/s10549-017-4428-9
https://dx.doi.org/10.1016/j.jgo.2022.07.006
https://dx.doi.org/10.1007/s10549-022-06618-z
https://dx.doi.org/10.1007/s10549-010-0814-2
https://dx.doi.org/10.1016/S0960-9776(09)70290-5
https://dx.doi.org/10.1016/S1470-2045(13)70387-5
https://dx.doi.org/10.1016/S1470-2045(13)70387-5
https://dx.doi.org/10.1200/JCO.2015.62.6630
https://dx.doi.org/10.1056/EVIDoa2300267
https://dx.doi.org/10.1158/1078-0432.CCR-07-5026
https://dx.doi.org/10.1158/1078-0432.CCR-07-5026
https://dx.doi.org/10.1016/j.annonc.2022.07.173
https://dx.doi.org/10.1016/j.annonc.2022.07.173
https://dx.doi.org/10.1158/1078-0432.CCR-20-2737
https://dx.doi.org/10.1093/jnci/djt146
https://dx.doi.org/10.1093/annonc/mdz289
https://dx.doi.org/10.1200/JCO.21.02844
https://dx.doi.org/10.1200/JCO.2021.39.15_suppl.502
https://jama.jamanetwork.com/article.aspx?doi=10.1001/jama.2013.281053&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamanetworkopen.2024.47530
https://dx.doi.org/10.1200/JCO.20.03613
https://dx.doi.org/10.1200/JCO.20.03613
https://dx.doi.org/10.1007/s10549-011-1683-z

JAMA Network Open | Oncology Selection of Patients With Early-Stage Breast Cancer for Extended Endocrine Therapy

39. Glas AM, Floore A, Delahaye LJ, et al. Converting a breast cancer microarray signature into a high-throughput
diagnostic test. BMC Genomics. 2006;7:278. doi:10.1186/1471-2164-7-278

40. Sapino A, Roepman P, Linn SC, et al. MammaPrint molecular diagnostics on formalin-fixed, paraffin-
embedded tissue. J Mol Diagn. 2014;16(2):190-197. doi:10.1016/j.jmoldx.2013.10.008

41. Beumer |, Witteveen A, Delahaye L, et al. Equivalence of MammaPrint array types in clinical trials and
diagnostics. Breast Cancer Res Treat. 2016;156(2):279-287. doi:10.1007/s10549-016-3764-5

42. Blok EJ, Kroep JR, Meershoek-Klein Kranenbarg E, et al; IDEAL and TEAM Study Groups. Treatment decisions
and the impact of adverse events before and during extended endocrine therapy in postmenopausal early breast
cancer. Eur J Cancer. 2018;95:59-67. doi:10.1016/j.ejca.2018.03.014

43. Dowsett M, Sestak |, Regan MM, et al. Integration of clinical variables for the prediction of late distant
recurrence in patients with estrogen receptor-positive breast cancer treated with 5 years of endocrine therapy:
CTS5. J Clin Oncol. 2018;36(19):1941-1948. doi:10.1200/JC0.2017.76.4258

44. Fisher B, Costantino JP, Wickerham DL, et al. Tamoxifen for the prevention of breast cancer: current status of
the National Surgical Adjuvant Breast and Bowel Project P-1study. J Natl Cancer Inst. 2005;97(22):1652-1662. doi:
101093/jnci/dji372

45. Cuzick J, Sestak |, Cawthorn S, et al; IBIS-I Investigators. Tamoxifen for prevention of breast cancer: extended
long-term follow-up of the IBIS-I breast cancer prevention trial. Lancet Oncol. 2015;16(1):67-75. doi:10.1016/51470-
2045(14)71171-4

46. Cuzick J, Sestak I, Forbes JF, et al; IBIS-Il investigators. Anastrozole for prevention of breast cancer in high-risk
postmenopausal women (IBIS-I1): an international, double-blind, randomised placebo-controlled trial. Lancet.
2014;383(9922):1041-1048. doi:10.1016/S0140-6736(13)62292-8

47. Goss PE, Ingle JN, Alés-Martinez JE, et al; NCIC CTG MAP.3 Study Investigators. Exemestane for breast-cancer
prevention in postmenopausal women. N Engl J Med. 2011;364(25):2381-2391. doi:10.1056/NEJMoal103507

48. Bense RD, Qiu SQ, de Vries EGE, Schréder CP, Fehrmann RSN. Considering the biology of late recurrences in
selecting patients for extended endocrine therapy in breast cancer. Cancer Treat Rev. 2018;70:118-126. doi:10.
1016/j.ctrv.2018.07.015

49. Mamounas EP, Bandos H, Rastogi P, et al. Breast Cancer Index and prediction of extended aromatase inhibitor
therapy benefit in hormone receptor-positive breast cancer from the NRG Oncology/NSABP B-42 trial. Clin Cancer
Res. 2024;30(9):1984-1991. doi:10.1158/1078-0432.CCR-23-1977

50. Blok EJ, Kroep JR, Meershoek-Klein Kranenbarg E, et al; IDEAL Study Group. Relevant factors for the optimal
duration of extended endocrine therapy in early breast cancer. Breast Cancer Res Treat. 2018;168(2):413-420. doi:
10.1007/s10549-017-4601-1

51. Noordhoek I, Blok EJ, Meershoek-Klein Kranenbarg E, et al. Overestimation of late distant recurrences in high-
risk patients with ER-positive breast cancer: validity and accuracy of the CTS5 risk score in the TEAM and IDEAL
trials. J Clin Oncol. 2020;38(28):3273-3281. doi:10.1200/JC0.19.02427

52. Fontein DB, Nortier JW, Liefers GJ, et al. High non-compliance in the use of letrozole after 2.5 years of

extended adjuvant endocrine therapy. Results from the IDEAL randomized trial. Eur J Surg Oncol. 2012;38(2):
110-117. doi:10.1016/j.€js0.2011.11.010

SUPPLEMENT1.
Trial Protocol

SUPPLEMENT 2.

eFigure. CONSORT Diagram of IDEAL Shows 869 Eligible IDEAL Patients With Available Biospecimens
eTable. Distribution of Adverse Events and Treatment Non-Compliance Stratified by Treatment Arm and
MammaPrint Risk

SUPPLEMENT 3.
Data Sharing Statement

[5 JAMA Network Open. 2024;7(11):e2447530. doi:10.1001/jamanetworkopen.2024.47530 November 27,2024 13/13

Downloaded from jamanetwork.com by guest on 11/27/2024


https://dx.doi.org/10.1186/1471-2164-7-278
https://dx.doi.org/10.1016/j.jmoldx.2013.10.008
https://dx.doi.org/10.1007/s10549-016-3764-5
https://dx.doi.org/10.1016/j.ejca.2018.03.014
https://dx.doi.org/10.1200/JCO.2017.76.4258
https://dx.doi.org/10.1093/jnci/dji372
https://dx.doi.org/10.1016/S1470-2045(14)71171-4
https://dx.doi.org/10.1016/S1470-2045(14)71171-4
https://dx.doi.org/10.1016/S0140-6736(13)62292-8
https://dx.doi.org/10.1056/NEJMoa1103507
https://dx.doi.org/10.1016/j.ctrv.2018.07.015
https://dx.doi.org/10.1016/j.ctrv.2018.07.015
https://dx.doi.org/10.1158/1078-0432.CCR-23-1977
https://dx.doi.org/10.1007/s10549-017-4601-1
https://dx.doi.org/10.1200/JCO.19.02427
https://dx.doi.org/10.1016/j.ejso.2011.11.010

