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ABSTRACT
◥

Purpose: BCI (H/I) has been shown to predict extended endo-
crine therapy (EET) benefit. We examined BCI (H/I) for EET
benefit prediction in NSABP B-42, which evaluated extended
letrozole therapy (ELT) in patients with hormone receptor-
positive breast cancer after 5 years of ET.

Experimental Design: A stratified Cox model was used to
analyze RFI as the primary endpoint, with DR, BCFI, and DFS as
secondary endpoints. Because of a nonproportional effect of ELT on
DR, time-dependent analyses were performed.

Results: The translational cohort included 2,178 patients
(45% BCI (H/I)-High, 55% BCI (H/I)-Low). ELT showed an
absolute 10-year RFI benefit of 1.6% (P ¼ 0.10), resulting in an
underpowered primary analysis (50% power). ELT benefit and
BCI (H/I) did not show a significant interaction for RFI (BCI
(H/I)-Low: 10 years absolute benefit 1.1% [HR, 0.70; 95%
confidence interval (CI), 0.43–1.12; P ¼ 0.13]; BCI (H/I)-High:

2.4% [HR, 0.83; 95% CI, 0.55–1.26; P ¼ 0.38]; Pinteraction ¼ 0.56).
Time-dependent DR analysis showed that after 4 years, BCI
(H/I)-High patients had significant ELT benefit (HR¼ 0.29; 95%
CI, 0.12–0.69; P < 0.01), whereas BCI (H/I)-Low patients were
less likely to benefit (HR, 0.68; 95% CI, 0.33–1.39; P ¼ 0.29;
Pinteraction ¼ 0.14). Prediction of ELT benefit by BCI (H/I) was
more apparent in the HER2- subset after 4 years (ELT-by-BCI
(H/I) Pinteraction ¼ 0.04).

Conclusions: BCI (H/I)-High versus BCI (H/I)-Low did not
show a statistically significant difference in ELT benefit for the
primary endpoint (RFI). However, in time-dependent DR analysis,
BCI (H/I)-High patients experienced statistically significant benefit
fromELT after 4 years, whereas (H/I)-Low patients did not. Because
BCI (H/I) has been validated as a predictivemarker of EETbenefit in
other trials, additional follow-up may enable further characteriza-
tion of BCI’s predictive ability.

Introduction
Patients with hormone receptor-positive (HRþ) breast cancer are at

considerable risk of recurrence well after the first 5 years from
diagnosis (1, 2). Extension of adjuvant endocrine therapy (ET) beyond
5 years has been shown to mitigate this enduring risk of late
recurrence (3–11). Meaningful improvements in disease-free survival
(DFS) have been achieved with extending adjuvant tamoxifen to
10 years compared with 5 years (3, 4) and with extending ET with
an aromatase inhibitor (AI) after initial therapy with either tamoxifen,
an AI, or the sequence of the two (5–11). However, no overall survival
benefit has been observedwith extended ET, except in the ATLAS trial,
in which extending adjuvant tamoxifen to 10 years versus 5 years
significantly improved breast cancer mortality and overall survival (3).

Randomized trials of ET have reportedmodest relative and absolute
improvements in DFS from the extended ET in the range of 2% to 5%
absolute risk reduction (3–11), prompting the need to identify subsets
of patients who may receive preferential benefit from ET. Prognostic
factors including clinicopathologic variables and algorithms (12),
circulating tumor cells (13), as well as several commercially available
genomic assays (14–17), have been used to aid extended ET decision
making.

The Breast Cancer Index (BCI) is a gene expression-based signature
with two components: the HOXB13/IL17BR (H/I) ratio and the
molecular grade index (MGI), which interrogate estrogen signaling
and proliferation pathways in breast cancer, respectively. The predic-
tive component of BCI (BCI (H/I)) is based on the H/I ratio and has

1Orlando Health Cancer Institute, Orlando, Florida. 2NRG Oncology SDMC,
and the University of Pittsburgh, Pittsburgh, Pennsylvania. 3UPMC Hillman
Cancer Center, Pittsburgh, Pennsylvania. 4Magee-Womens Hospital,
Pittsburgh, Pennsylvania. 5Biotheranostics, Inc., A Hologic Company, San
Diego, California. 6Kaiser Permanente Oncology Clinical Trials Northern CA,
Novato, California. 7British Columbia Cancer Agency, and the University of
British Columbia, Vancouver, British Columbia, Canada. 8Cancer Trials
Ireland (formerly known as Irish Clinical Oncology Research Group–ICORG),
Dublin, Ireland. 9Florida Cancer Specialists, Ft. Myers, Florida. 10CCOP
Wichita/Cancer Center of Kansas, Wichita, Kansas. 11Theragenbio, Inc.,
Pankyo, Republic of South Korea, and Severance Biomedical Science Insti-
tute, Yonsei University College of Medicine, Seoul, Republic of South Korea.
12Georgetown Lombardi Comprehensive Cancer Center, Georgetown Uni-
versity Medical Center, Washington, District of Columbia. 13Massachusetts
General Hospital, Boston, Massachusetts.

Clinical Trials registration ID: NCT00382070

Corresponding Author: Eleftherios P. Mamounas, Surgery, Orlando Health
Cancer Institute, 1400 S. Orange Avenue, Orlando, FL 32806. E-mail:
Terry.Mamounas@orlandohealth.com

Clin Cancer Res 2024;30:1984–91

doi: 10.1158/1078-0432.CCR-23-1977

This open access article is distributed under the Creative Commons Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0) license.

�2024TheAuthors; Publishedby theAmericanAssociation forCancerResearch

AACRJournals.org | 1984

http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-23-1977&domain=pdf&date_stamp=2024-4-6
http://crossmark.crossref.org/dialog/?doi=10.1158/1078-0432.CCR-23-1977&domain=pdf&date_stamp=2024-4-6


been shown to predict the likelihood of benefit from extended ET
across various treatment regimens (18–21). The BCI prognostic
score is an algorithmic combination of both components, which
reports the individualized risk of overall (0–10 year) and late (post-
5-year) distant recurrence (DR; refs. 17, 22, 23). BCI has recently
been incorporated into both National Comprehensive Cancer Net-
work (NCCN) and the American Society of Clinical Oncology
(ASCO) clinical practice guidelines as a biomarker for prediction
of benefit from extended ET in patients with early-stage, HRþ
breast cancer (24, 25).

In the NSABP B-42 parent trial, 3,966 postmenopausal women
with HRþ early-stage breast cancer who were disease-free after
5 years of hormonal therapy (with an AI or ≥3 years of tamoxifen
followed by an AI) were randomized to receive 5 additional years of
either letrozole or placebo (11). Initial results of the trial after
6.9 years of median follow-up showed that extended letrozole
therapy (ELT) improved DFS by 3.4% (HR, 0.85, 95% confidence
interval [CI], 0.73–0.99) with a P value of 0.048, which did not reach
the pre-specified significance level due to pre-planned interim
analyses. Updated results after 10 years indicated a similar degree
of benefit favoring ELT (absolute difference in DFS 3.3%: HR, 0.85;
95% CI, 0.74–0.96; P value ¼ 0.01; ref. 26). Although a significant
improvement of DFS was noted with extended AI therapy, the need
to improve patient selection in this setting is evident.

The B-42 trial provides a suitable cohort to determine if BCI (H/I)
can identify a subset of postmenopausal HRþ patients with breast
cancer whomay benefit from extending adjuvant ET with an AI, while
sparing patients without benefit from the unnecessary prolonged ET
that is often associatedwith significant side effects and toxicities. In this
study, BCI (H/I)was evaluated as a predictor of benefit fromELT in the
NSABP B-42 trial.

Materials and Methods
Patient population and translational study design

NSABP B-42 was a prospective phase III trial that enrolled 3,966
postmenopausal womenwithHRþ early-stage breast cancer whowere
disease-free after 5 years of ET (with an AI or ≥3 years of tamoxifen
followed by an AI), then randomized patients to receive 5 additional
years of either letrozole or placebo.

This study is a prospective-retrospective translational study of
patients enrolled in the B-42 trial with the objective of validating the
predictive performance of BCI (H/I) in the extended endocrine setting.
The B-42 trial was approved by local human investigations commit-
tees/institutional review boards in accordance with assurances filed
with and approved by the Department of Health and Human Services.
Written informed consent was required.

All eligible B-42 patients with clinical follow-up, appropriate con-
sent, and available formalin-fixed paraffin-embedded (FFPE) primary
tumor tissues were included in the study. Exclusion criteria included
lack of invasive tumor, incorrect tumor specimen, and insufficient or
poor RNA amplification. Gene expression analysis of FFPE tumor-
derived RNA was performed as described (Biotheranostics Inc., A
Hologic Company), blinded to clinical outcome (22). To unblind, BCI
testing data were sent to the NSABP for merging with the clinical data
prior to final analysis.

BCI molecular testing
BCI gene expression analysis by RT-PCR was conducted on FFPE

primary tumor specimens in a CLIA-certified, CAP-accredited labo-
ratory (Biotheranostics), blinded to clinical outcome as reported
previously (22). Briefly, macro-dissection was performed on FFPE
sections to enrich for tumor content before RNA extraction. Total
RNA was reverse transcribed, and the resulting cDNA was pre-
amplified by PCR using the PreAmp Master Mix Kit (Thermo Fisher
Scientific) before TaqMan PCR analysis. Calculation of BCI (H/I) was
carried out as described previously (18, 22, 27). Briefly, BCI (H/I) was
calculated as the difference in reference genes normalized PCR cycle
threshold (CT) values between HOXB13 and IL17BR genes, with a
prespecified cut-point that was previously determined to optimally
separate recurrence cases from non-recurrent cases in a case–control
study. BCI (H/I) was normalized into a range between 0 and 10.

Statistical considerations
The primary objective of this studywas to demonstrate whether BCI

(H/I) status (High vs. Low) is predictive of benefit from 5 years of ELT
in patients who comprised the translational cohort of the B-42 trial. It
was hypothesized that patients with BCI (H/I)-High tumors will show
a statistically significant benefit from ELT, whereas patients with BCI
(H/I)-Low tumors will not derive benefit. Secondary objectives were to
evaluate the predictive performance of BCI (H/I) status in clinical
subsets defined by nodal status, HER2 status, and type of initial ET.

The primary endpoint for the study was recurrence-free interval
(RFI), defined as the time from randomization to local, regional, or
distant breast cancer recurrence. Predefined secondary endpoints
included DR, defined as the time from randomization to DR; DFS,
defined as the time from randomization to breast cancer recurrence,
second primary cancer, or death; and breast cancer-free interval
(BCFI), defined as the time from randomization to breast cancer
recurrence or contralateral breast cancer as a first event. Patients who
were otherwise event free were censored at the date of last clinical
follow-up. In addition, for BCFI, other second primary cancers and
death without evidence of recurrence were treated as censored events.

To determine whether the translational cohort was representative of
the parent B-42 trial population, distributions of key patient and tumor
characteristics were compared by chi-square tests. In addition, the
treatment-specific patterns of outcome for RFI were compared
between the translational cohort and the excluded B-42 population.

Differences in primary and secondary endpoints between ELT and
placebo groups were assessed by the stratified log-rank tests control-
ling for the stratification variables of the parent trial (pathologic node

Translational Relevance

Patients with hormone receptor-positive breast cancer remain at
risk of recurrence well after the first 5 years from diagnosis.
Extended endocrine therapy (EET) beyond 5 years modestly
reduces that risk. There is need to identify biomarkers that predict
risk of late recurrence and benefit from EET. The Breast Cancer
Index (BCI) predicts risk of late recurrence and its component BCI
(H/I) also predicts benefit from EET in patients with ERþ, early-
stage breast cancer. We evaluated BCI (H/I) in the NSABP B-42
trial, which evaluated extended letrozole therapy (ELT) in post-
menopausal women with HRþ early-stage breast cancer. There
was no statistically significant difference in ELT benefit by BCI
(H/I) for the primary endpoint of recurrence-free interval. In time-
dependent analysis for distant recurrence, BCI (H/I)-High patients
experienced significant benefit from ELT after 4 years, but BCI
(H/I)-Low patients did not. Additional follow-up may enable
further characterization of BCI’s predictive ability in B-42.
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status, prior use of tamoxifen as a component of initial adjuvant
therapy, and lowest bone mineral density T score in the lumbosacral
spine, total hip, or femoral neck). HRs and corresponding 95%
confidence intervals were calculated on the basis of the stratified Cox
proportional hazards model. Likelihood-ratio test, which compared a
full Cox model with treatment by biomarker interaction versus a
reducedmodel without the interaction, was used to evaluate treatment
by BCI (H/I) interaction. Kaplan–Meier estimates were used for
illustration purposes, with absolute benefit defined as the differences
in 10-year Kaplan–Meier estimates of risk of event between ELT and
placebo treatments. The assumption of proportionality of hazards
between the treatment groups was tested for all endpoints. The
violation of the assumption justified the post hoc time-dependent
secondary analyses. All statistical analyses, including those of clinically
relevant subgroups, were pre-specified in a statistical analysis plan
(SAP). All P values were two-sided and not adjusted for multiple
comparisons as per the SAP. Analyses were performed in SAS with the
clinical cutoff date of April 30, 2020, with a median follow-up of
10.3 years (IQR, 9.6–11.1 years).

Data availability/sharing statement
Individual participant data that underlie the results reported in this

article, after deidentification, will generally be available within one year
after publication and will be accessible through the NCTN Data

Archive. Please contact the corresponding author for the protocol,
access to data prior to NCTN availability, or other information.

Results
Among 3,903 eligible patients with follow-up, 2,344 patients had

consented for future research and had tumor blocks available. Of
those, 161 patients were excluded following pathology review
because of insufficient tumor content (n ¼ 91) or inappropriate
samples (n ¼ 70). Five samples failed the BCI assay resulting in a
final translational BCI cohort of 2,178 patients, representing 56% of
the parent B-42 trial (Fig. 1). In this cohort, 1,307 (60%) were node
negative (N0) patients, 297 (13.6%) were HER2þ, 1,342 (61.6%)
received only AI as prior ET, and 836 (38.4%) received tamoxifen
followed by AI sequential therapy prior to randomization (Table 1;
Supplementary Table S1).

In general, the clinicopathologic and treatment characteristics were
similar between the BCI cohort and the remaining B-42 patients,
except for pathological nodal status andHER2 status, in which the BCI
cohort had a slightly lower proportion of node-positive and higher
proportion of HER2-negative patients than the remaining B-42 pop-
ulation (Table 1). When comparing the BCI cohort to the excluded B-
42 population, there was no statistically significant difference in the
rate of RFI or in the ELT effect on RFI.

B-42 patients with available 
biospecimens

(n = 2,344)

Patients with BCI testing 
(n = 2,183)

Final BCI translational cohort
(n = 2,178)

BCI assay failures
(n = 5)

Eligible B-42 patients
(N = 3,903)

Excluded by pathology review (n = 161)
Insufficient tumor content = 91
Inappropriate samples = 70

Lymph node biopsies = 64
Other non-breast tissues = 6

Figure 1.

Modified REMARK diagram. The dia-
gram shows tumor block collection,
specimen processing, and molecular
testing, leading to a final analyzable
BCI NSABP B-42 translational cohort
of 2,178 patients.
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Among 2,178 patients in the BCI cohort, 971 (44.6%)were identified
as BCI (H/I)-High and 1,207 (55.4%) as BCI (H/I)-Low. The distri-
bution of RFI and of the secondary endpoints of DR, DFS, and BCFI, is
summarized in Supplementary Table S2.

In the overall translational BCI cohort, ELT showed an absolute
10-year benefit of 1.6% for the primary RFI endpoint (HR, 0.77;
95% CI, 0.57–1.05; P ¼ 0.10), resulting in 50% power for the
primary analysis. There was no statistically significant ELT by BCI
(H/I) interaction (Pinteraction ¼ 0.56). The 10-year benefit of ELT in

BCI (H/I)-Low was 1.1% (HR, 0.70; 95% CI, 0.43–1.12; P ¼ 0.13)
and in BCI (H/I)-High was 2.4% (HR, 0.83; 95% CI, 0.55–1.26; P ¼
0.38; Fig. 2). The results were similar when the predictive perfor-
mance of BCI (H/I) status on RFI was investigated in independent
subsets of patients by nodal status, HER2 status, and the type of
initial ET. Similar findings were observed for the secondary end-
points of BCFI, DR, and DFS as for the primary endpoint (Sup-
plementary Table S3).

In the parent B-42 trial, the proportional hazards assumption
between ELT and placebo groups was not satisfied for DR and a
delayed treatment effect of ELT on DR was observed at approxi-
mately year 4 after randomization. The proportional hazards
assumption between ELT and placebo groups was also not satisfied
for DR for the BCI (H/I)-High group (P ¼ 0.016). As a result, time-
dependent secondary analyses for DR were performed by splitting
the follow-up time into two intervals (prior to 4 years and after
4 years from randomization) per SAP. The proportional hazards
assumption was satisfied on each of those two intervals. Before
4 years, there was no statistically significant ELT benefit in either
BCI (H/I) group (Pinteraction ¼ 0.09; Fig. 3A). After 4 years, BCI
(H/I)-High patients had statistically significant ELT benefit (HR,
0.29; 95% CI, 0.12–0.69; P < 0.01), whereas BCI (H/I)-Low patients
were less likely to benefit (HR, 0.68; 95% CI, 0.33–1.39; P ¼ 0.29;
Pinteraction ¼ 0.14; Fig. 3B and C).

The time-dependent predictive performance of BCI (H/I) on DR
was investigated in clinical patient subsets based on nodal status,
HER2 status, and type of initial ET. In the first 4 years after
randomization, no significant ELT benefit was observed in either
the BCI (H/I)-Low or BCI (H/I)-High group (Figs. 4 and 5;
Supplementary Fig. S1). However, in the period after 4 years fol-
lowing randomization, the BCI (H/I)-High group showed a sub-
stantially larger benefit from ELT than the BCI (H/I)-Low group. In
the N0 subset, the BCI (H/I)-High group derived a nonsignificant
10-year absolute ELT benefit of 1.8%, conditional on remaining DR-
free by year 4 (HR, 0.32; 95% CI, 0.06–1.68; P ¼ 0.16), whereas no
benefit was seen in BCI (H/I)-Low (absolute benefit: �1.0%; HR,
1.05; 95% CI, 0.35–3.14; P ¼ 0.93; Fig. 4A). In the Nþ subset, BCI
(H/I)-High patients derived a significant absolute ELT benefit of
5.6% (HR, 0.28; 95% CI, 0.10–0.77; P < 0.01), whereas the benefit
observed in the BCI (H/I)-Low patients was not statistically signif-
icant (absolute benefit: 3.5%; HR, 0.49; 95% CI, 0.19–1.28; P ¼
0.14; Fig. 4B). For those receiving only AI as their initial ET, the
absolute benefit of ELT was more apparent, although not statistically

Table 1. Clinicopathologic and treatment characteristics of
patients in the translational cohort versus remaining NSABP
B-42 patients.

Characteristics

Translational
B-42 cohort
N ¼ 2,178 (%)

Remaining
B-42 patients
N ¼ 1,725 (%)

P
valuea

Age at randomization 0.05
<55 years 320 (14.7) 284 (16.5)
55–65 years 984 (45.2) 801 (46.4)
66–75 years 662 (30.4) 510 (29.6)
>75 years 212 (9.7) 130 (7.5)

Nodal status <0.01
Negative 1,307 (60.0) 933 (54.1)
Positive 871 (40.0) 792 (45.9)

Lowest BMD T-score 1.00
≤�2.0 532 (24.4) 422 (24.5)
>�2.0 1,646 (75.6) 1,303 (75.5)

Prior tamoxifen 0.32
No 1,342 (61.6) 1,035 (60.0)
Yes 836 (38.4) 690 (40.0)

HER2 status 0.01
Positive 297 (13.6) 262 (15.2)
Negative 1,732 (79.5) 1,309 (75.9)
Unknown 149 (6.8) 154 (8.9)

Surgery type 0.36
Lumpectomy 1,339 (61.5) 1,035 (60.0)
Mastectomy 839 (38.5) 690 (40.0)

Treatment 1.00
Placebo 1,090 (50.0) 863 (50.0)
Letrozole 1,088 (50.0) 862 (50.0)

Abbreviation: BMD, bone mineral density.
aP values comparing the translational cohort versus the remaining B-42 patients
were calculated using Chi-square test.
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Figure 2.

Kaplan–Meier analysis based on RFI comparing extended letrozole versus placebo in the overall BCI NSABP B-42 translational cohort and according to BCI (H/I) status.
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significant for BCI (H/I)-High (absolute benefit: 3.2%; HR, 0.42; 95%
CI, 0.15–1.19; P ¼ 0.09) compared with BCI (H/I)-Low (absolute
benefit: 0.5%; HR, 0.70; 95% CI, 0.29–1.68; P ¼ 0.42; Supplementary
Fig. S1A). Conversely, for those receiving tamoxifen as part of their
initial ET, BCI (H/I)-High showed a statistically significant absolute
benefit of 4.3% (HR, 0.16; 95% CI, 0.04–0.76; P < 0.01), whereas BCI
(H/I)-Low derived no benefit (absolute benefit: 0.1%; HR, 0.63; 95%
CI, 0.18–2.24; P ¼ 0.47; Supplementary Fig. S1B). ELT-by-BCI (H/I)
interaction terms were not statistically significant in the clinical
subsets defined by either nodal status or by prior tamoxifen use.

The limited number of HER2þ patients precluded a meaningful
analysis of the ELT effect in that subgroup. For HER2� patients,
there was no statistically significant difference in the ELT effect on
DR between BCI (H/I)-High and BCI (H/I)-Low subgroups up to
year 4 from randomization (Pinteraction ¼ 0.07; Fig. 5). A statistically
significant ELT-by-BCI (H/I) interaction was observed after 4 years
(Pinteraction¼ 0.04). The 10-year absolute benefit of ELT, conditional
on remaining DR-free by year 4, was 4.8% (HR, 0.22; 95%CI, 0.08–0.60;
P < 0.01) for BCI (H/I)-High and�0.1% (HR, 0.79; 95% CI, 0.36–1.74;
P ¼ 0.56) for BCI (H/I)-Low (Fig. 5).
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Figure 3.

Time-dependent Kaplan–Meier analysis based on DR comparing extended letrozole versus placebo in the overall BCI NSABP B-42 translational cohort for (A) all
patients, (B) BCI (H/I)-Low, and (C) BCI (H/I)-High.
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Figure 4.

Time-dependent Kaplan–Meier analysis based on DR comparing extended letrozole verus placebo in subsets of patients with (A) node-negative (N0) or (B) node-
positive (Nþ) disease in the overall BCI NSABP B-42 translational cohort and according to BCI (H/I) status.
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Discussion
BCI (H/I) has been previously validated in several prospective-

retrospective studies to predict the likelihood of benefit from extended
ET (Supplementary Table S4; refs. 18–20). In a nested case–control
study within the NCIC MA.17 trial that evaluated ELT after 5 years of
tamoxifen, expression of BCI (H/I)was evaluated for prediction of ELT
benefit (18). High BCI (H/I) was significantly associated with a
decrease in late recurrence in patients receiving ELT (OR, 0.35;
95% CI, 0.16–0.75; P ¼ 0.007) in the univariable setting and in a
model adjusted for standard clinicopathologic factors (OR, 0.33; 95%
CI, 0.15–0.73; P¼ 0.006). Reduction in the absolute risk of recurrence
at 5 years was 16.5% for patients with BCI (H/I)-High (P¼ 0.007). The
interaction between BCI (H/I) and ELT was significant (Pinteraction ¼
0.03). The predictive ability of BCI (H/I) for extended ET with
tamoxifen was further evaluated in 789 HRþ, node-positive patients
previously randomized in the Adjuvant Tamoxifen—To Offer More?
(aTTom) trial (19, 21). In that study, BCI (H/I)-High patients derived
significant benefit from 10 years versus 5 years of tamoxifen treatment
(HR, 0.33; 95% CI, 0.14–0.75; 9.7% absolute 12-year risk reduction
based on RFI, P¼ 0.016). In contrast, BCI (H/I)-Low patients derived
no benefit from extended ET (HR, 1.11; 95% CI, 0.76–1.64; �1.2%
absolute 12-year risk reduction; P ¼ 0.581). The predictive effect was
also demonstrated in a significant treatment by biomarker interaction
(Pinteraction ¼ 0.037). Finally, further validation of BCI (H/I) as a
predictive marker from extended ET was provided in the IDEAL
trial (20). In that trial, BCI (H/I) was tested in primary tumor speci-
mens from 908 patients randomized to receive 2.5 years versus 5 years
of ELT after 5 years of ETwith tamoxifen, an AI, or the sequence of the
two. BCI (H/I)-High status predicted the benefit from longer ELT in
the overall cohort (HR, 0.42; 95% CI, 0.21–0.84; P¼ 0.011) and in the
prior AI-treated subset (HR, 0.34; 95% CI, 0.16–0.73; P ¼ 0.004),
whereas BCI (H/I)-Low patients did not derive significant benefit
either in the overall cohort (HR, 0.95; 95% CI, 0.58–1.56; P ¼ 0.84)
or in the AI-treated subset (HR, 0.90; 95% CI, 0.53–1.55; P ¼ 0.71;
Pinteraction¼ 0.045 and Pinteraction¼ 0.025, respectively). These findings
show the predictive ability of BCI (H/I) across multiple ET treatment
modalities.

Overall BCI results in the B-42 translational cohort were inconsis-
tent with previous findings regarding the predictive performance of
BCI (H/I) on the ELT benefit on risk of recurrence. However, the time-
dependent analysis of DR confirmed the BCI (H/I) predictive ability of

ELT benefit for the period after 4 years following randomization with
the statistically significant benefit in the BCI (H/I)-High group. The
benefit was primarily observed in node-positive patients, in patients
who received prior tamoxifen, and in patients with HER2- tumors. In
the HER2- subset, significant ELT by BCI (H/I) interaction was
demonstrated. The time-dependent secondary analyses for DR (before
and after 4 years following randomization) were statistically warranted
because the proportional hazards assumption between the treatment
groups was not satisfied for DR in the BCI (H/I)-High group; Also, in
the parent B-42 trial, a delayed treatment effect of ELT on DR was
observed after approximately year 4 after randomization. A delayed
treatment effect has been reported in other extended ET trials. For
example, both the aTTom and ATLAS trials showed that recurrence
risk reduction was time-dependent, with essentially no benefit seen
with 10-year tamoxifen in years 5–9, followed by significant improve-
ment in year 10 and onward (3, 28). The delayed treatment effect of
extended ETmight be attributed to a carry-over effect of the initial ET.
In the Trans-aTTom study, statistical techniques that take the delayed
treatment effect of primary adjuvant therapy into consideration were
also adopted.

Of interest, compared to other extended ET studies, the treatment
effect of ELT in BCFI observed in the B-42 trial was based to a large
degree on a reduction in contralateral breast cancer (58% in B-42 vs.
�20% in other extended ET studies, Supplementary Table S5), which
could explain in part the lack of ELT benefit for DFS and BCFI in the
BCI (H/I)-High group (Supplementary Fig. S2).

When the results of the B-42 BCI translational study are considered
together with the results from the studies reviewed above, which
evaluated the predictive ability of BCI (H/I) for extended ET benefit,
the preponderance of evidence shows that BCI has demonstrated a
predictive benefit for extended ET for three distinct groups: those who
benefit from extended tamoxifen therapy after 5 years of tamoxifen,
those who benefit from extended therapy with an AI after 5 years of
tamoxifen, and those who benefit from extended therapy with an AI
after 5 years of ET with either an AI or the sequence of tamoxifen
followed by an AI.

A small ELT benefit on RFI observed in the parent B-42 trial,
especially in the node-negative patients, limited the power of the
translational analysis and may have in part contributed to the lack
of predictive ability for the primary endpoint analysis. Other
potential limitations include the retrospective nature of the BCI
translational study as well as the lack of adjustment for multiplicity,

384 360 340 317 281 176
339 327 300 273 235 152

No. at risk

0.
00

0.
10

0.
20

0.
30

0 2 4 6 8 10

Letrozole
Placebo

<0.01
4.8%

0.22 (0.083–0.6)
>4 years

0.37
–1.1%

1.4 (0.67–2.9)
0–4 years

P:
Absolute benefit:

HR:

Years

HER2–, BCI (H/I)–High

498 486 461 423 378 267
511 487 464 422 379 251

No. at risk

0.
00

0.
10

0.
20

0.
30

0 2 4 6 8 10

Letrozole
Placebo

P:
Absolute benefit:

HR:

0.56
–0.1%

0.79 (0.36–1.7)

>4 years

0.12
1.2%

0.49 (0.2–1.2)

0–4 years

Years

HER2–, BCI (H/I)–Low

882 846 801 740 659 443
850 814 764 695 614 403

No. at risk

0.
00

0.
10

0.
20

0.
30

0 2 4 6 8 10

Letrozole
Placebo

<0.01
1.9%

0.45 (0.25–0.8)
>4 years

0.81
0.1%

0.94 (0.54–1.6)
0–4 years

P:
Absolute benefit:

HR:

Years

D
R

 (%
)

HER2–

Figure 5.

Time-dependent Kaplan–Meier analysis based onDR comparing extended letrozole versus placebo in the patientswith HER2– disease in the overall BCI NSABP B-42
translational cohort and according to BCI (H/I) status.
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which could have contributed to some of the results being statis-
tically significant. In addition, the number of observed events was
low in some of the subgroups, leading to wide confidence intervals.
A strength of the study was the prospectively defined statistical
analysis plan and the inclusion of 56% of patients enrolled in the
parent B-42 trial in the translational study. The patients in B-42
continue to be followed for at least 15 years from randomization.
Additional follow-up may enable further characterization of BCI
(H/I) predictive performance in B-42.
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