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Abstract
Purpose Extension of adjuvant endocrine therapy beyond five years confers only modest survival benefit in breast cancer 
patients and carries risk of toxicities. This systematic review investigates the role of biomarker tests in predicting the clinical 
response to an extension of endocrine therapy.
Methods We searched Ovid MEDLINE, Ovid Embase, Global Index Medicus, and the Cochrane Central Register of 
Controlled Trials using an iterative approach to identify full-text articles related to breast cancer, endocrine therapy, and 
biomarkers.
Results Of the 1,217 unique reports identified, five studies were deemed eligible. Four investigated the Breast Cancer 
Index (BCI) assay in three distinct study populations. These studies consistently showed that BCI score was predictive of 
response to extended endocrine therapy among 1,946 combined patients, who were predominately non-Hispanic white and 
postmenopausal.
Conclusions Evidence in the setting of predictive tests for extended endocrine therapy is sparse. Most relevant studies inves-
tigated the use of BCI, but these study populations were largely restricted to a single age, race, and ethnicity group. Future 
studies should evaluate a variety of biomarkers in diverse populations. Without sufficient evidence, physicians and patients 
face a difficult decision in balancing the benefits and risks of endocrine therapy extension.
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Introduction

Biomarkers are critical tools for predicting prognosis and 
guiding treatment in breast cancer. Common breast cancer 
biomarkers include hormone receptors (e.g., estrogen recep-
tors), which contribute to tumor subtyping [1, 2]. Women 

with tumors overexpressing the estrogen receptor (i.e., ER +) 
are recommended to take at least five years of adjuvant endo-
crine therapy (ET) [3]. Tamoxifen is guideline treatment 
for premenopausal women and an alternative to aromatase 
inhibitors for postmenopausal women. Aromatase inhibitors 
(i.e., anastrozole, letrozole, exemestane) are indicated only 
in postmenopausal women [3]. In a meta-analysis of clini-
cal trials of five years of adjuvant ET in early-stage breast 
cancer, tamoxifen approximately halved recurrence rates 
[4], as did aromatase inhibitors in postmenopausal women 
[5]. Numerous clinical trials have confirmed these findings, 
providing a basis for the current guideline recommendation 
of at least five years of treatment [6].

Though the benefits of ET are pronounced, 20–40% of 
treated patients recur 5–20 years after diagnosis [7]. Recur-
rences have been documented even 39 years after primary 
diagnosis [8–10]. This hazard of late recurrence suggests 
a benefit of extending ET beyond the traditional five-
year course. Several trials have shown a modest survival 

 * Kirsten M. Woolpert 
 kwoolpert@clin.au.dk

1 Department of Clinical Epidemiology, Department 
of Clinical Medicine, Aarhus University and Aarhus 
University Hospital, Aarhus, Denmark

2 Department of Surgery, The Robert Larner, M.D. College 
of Medicine at the University of Vermont, Burlington, VT, 
USA

3 Department of Epidemiology, Rollins School of Public 
Health, Emory University, Atlanta, GA, USA

4 University Libraries, University of Vermont, Burlington, VT, 
USA

http://orcid.org/0000-0002-5536-7649
http://orcid.org/0000-0003-0440-8727
http://orcid.org/0000-0001-7088-7186
http://orcid.org/0000-0002-6122-7335
http://orcid.org/0000-0001-9738-2284
http://crossmark.crossref.org/dialog/?doi=10.1007/s10549-023-07149-x&domain=pdf


408 Breast Cancer Research and Treatment (2024) 203:407–417

1 3

benefit and reduction of recurrence risk with extended 
ET depending on the duration, type, and sequence of the 
drugs [11, 12]. Other trials have found no improvement 
in overall survival with extended treatment [13–15]. The 
inconsistency in findings is further complicated as ET has 
long-term side effects. In the Adjuvant Tamoxifen, Longer 
Against Shorter (ATLAS) and the Adjuvant Tamoxifen-
To Offer More (aTTom) trials—which evaluated extended 
tamoxifen use—there were increased risks of endometrial 
cancer and pulmonary embolism among women assigned 
to extended tamoxifen compared with placebo [11, 12]. 
Toxicities are also seen with long-term use of aromatase 
inhibitors, including increased risk of hypercholester-
olemia, osteoporosis, fracture, and musculoskeletal syn-
drome [13–18].

Although clinical trials show that continuing ET beyond 
five years reduces late recurrence risk, it is essential to bal-
ance benefits with the risks of overtreatment using predic-
tive and prognostic markers [19]. A prognostic biomarker 
informs the likelihood of a clinical outcome independent of 
any treatment received. In contrast, a predictive biomarker 
provides information on individuals most likely to respond 
to a specific treatment, differentiating patients likely to ben-
efit from patients unlikely to benefit. To determine whether 
a biomarker is predictive, the study must include individuals 
who were treated (i.e., with extended ET), to compare them 
with untreated patients (i.e., those who stopped treatment 
after five years) [20]. There are several predictive and prog-
nostic tests recommended by the American Society of Clini-
cal Oncology (ASCO) and the US National Comprehensive 
Cancer Network (NCCN), such as OncotypeDx [21]. These 
tests characterize women by their risk of recurrence and have 
been pivotal in identifying low-risk patients who can forego 
chemotherapy [22–25].

The Breast Cancer Index (BCI) assay was developed in 
2011 and is the only NCCN- and ASCO-approved test to 
predict benefit from extended ET [26]. The assay involves 
two parts: (1) the molecular grade index (MGI), a 5-gene 
predictor that measures tumor grade and proliferation and 
(2) the predictive panel, based on the expression ratio of 
HOXB13 and IL17BR (i.e., the H/I ratio or H/I) [27]. The 
BCI predictive panel stratifies patients into two groups: BCI 
(H/I) High, which indicates potential benefit from extended 
ET, and BCI (H/I) Low, which indicates low likelihood 
of benefit [21, 26–28]. The 2022 ASCO guideline update 
recommended that the BCI test be used to guide decisions 
about extended ET among ER + patients with node-nega-
tive disease or 1–3 positive nodes [26]. However, the evi-
dence in premenopausal and perimenopausal women, and 
in those with > 3 positive lymph nodes, is limited. Predic-
tors of early and late recurrences may differ according to 
menopausal status, generating a potential evidence gap in 
this setting [31]. Such information–perhaps provided by 

tumor biomarkers–could help patients and providers decide 
whether extending ET is worthwhile.

In this systematic review, we aimed to evaluate studies 
investigating biomarkers predictive of response to extended 
ET. Rather than focusing on late recurrence risk prediction, 
this review only involved populations treated with extended 
ET or standard duration treatment and in whom a predictive 
biomarker was assayed to predict response to the extended 
treatment.

Methods

Search strategy

We performed this review in accordance with the Preferred 
Reporting Items for Systematic Reviews and Meta-Analyses 
(PRISMA) guidelines [32]. Two medical librarians (DLO 
& AMS) performed a comprehensive search in consultation 
with the lead authors and informed by a Medical Subject 
Heading (MeSH) analysis. We used an iterative process to 
translate and refine searches in each database. We limited 
results to full-text peer-reviewed journal articles published 
in English. The formal search strategies used relevant terms 
and synonymous free text words and phrases to capture 
the concepts of breast cancer, extended ET, and biomark-
ers. Databases included MEDLINE (OvidSP), Embase 
(OvidSP), Global Index Medicus (WHO), and Cochrane 
Central Register of Controlled Trials (Wiley). The search 
covered January 1, 2006 through October 24, 2022. Detailed 
search strategies are outlined in the supplementary material.

One author (KMW) screened titles and abstracts of all 
papers. Full-text review and data extraction were conducted 
(KMW, DCF, TLL, & TPA) for consideration of inclusion. 
Studies were eligible if they included individuals treated 
with extended ET (i.e., treatment beyond five years after 
diagnosis) compared to a standard treatment course (i.e., 
five years) and assessed the utility of biomarkers in these 
settings. We defined a biomarker as any measurable charac-
teristic “evaluated as an indicator of normal biological pro-
cesses, pathogenic processes, or pharmacologic responses 
to a therapeutic intervention” [33, 34]. Clinicopathological 
measures (e.g., tumor size) were not considered biomarkers. 
We also screened all references from eligible papers.

Data extraction

Four authors (KMW, DCF, TLL, & TPA) extracted data 
from eligible studies. We recorded information on author, 
publication date, country, study design, study aim, popula-
tion characteristics, inclusion and exclusion criteria, number 
of participants, number of recurrences, biomarker type, end-
point or outcome measure, variables controlled for, median 
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follow-up time, number of participants within each recur-
rence risk category (i.e., BCI (H/I) High vs. BCI (H/I) Low), 
and the risk of developing recurrence with extended ET ver-
sus standard ET. Authors also performed quality assessment 
and recorded potential biases.

Data synthesis

Figures and summary statistics were created using ‘ggplot’ 
[35] and ‘metafor’ [36] in R v4.0 (Vienna, Austria). Among 
studies investigating the same biomarker type, we examined 
statistical heterogeneity in findings using the  I2 statistic. We 
pooled hazard ratios (HRs) and/or odds ratios (ORs) and 
their 95% confidence intervals (95% CI) using both fixed- 
and random-effect models.

Results

Study characteristics

Our search yielded 1,663 articles, which were pooled to 
1,217 unique reports. After title and abstract screening, 
58 full-text articles had data extracted. Five studies were 
deemed eligible for inclusion: four investigated the utility of 
BCI and one investigated the utility of Ki67 and progester-
one receptor (PgR) (Fig. 1). Eligible studies were published 
between 2013 and 2022 (Table 1). Inclusion criteria and 
participant information from eligible trials and analyses are 
outlined in Table 2.

Breast cancer index (4 articles)

MA.17 trial (1)

The MA.17 trial enrolled 1,918 postmenopausal, ER + breast 
cancer patients who were disease free after completing five 
years of adjuvant tamoxifen. Women were randomized to 

Fig. 1  PRISMA 2020 flow dia-
gram for the search, screening, 
and selection process of studies 
assessing biomarkers that may 
be predictive of a response to 
extended endocrine therapy 
among breast cancer patients
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receive five years of extended letrozole or placebo [13]. 
Sgroi et al. conducted a nested case–control study and evalu-
ated BCI in relation to late recurrence in patients from the 
MA.17 trial [23]. In this analysis, all patients with a recur-
rence and formalin-fixed, paraffin-embedded (FFPE) tumor 
tissue blocks were included and matched with two relapse-
free controls, with a total of 249 patients analyzed. They 
found that individuals assigned to extended letrozole therapy 
and with a BCI (H/I) High score had improved recurrence-
free interval (OR = 0.33, 95% CI 0.15, 0.73), which was 
less pronounced among those with a BCI (H/I) Low score 
(OR = 0.58, 95% CI 0.25, 1.36) when compared with indi-
viduals assigned to placebo [23].

These results are susceptible to selection bias, as only 
100 of the 319 MA.17 recurrences had FFPE blocks avail-
able and authors further excluded patients with unknown or 
contralateral recurrence (n = 17 cases; 34 controls). Patients 
included in the nested case–control study were less likely to 
have radiation therapy and/or adjuvant chemotherapy and 
more likely to be older and have positive lymph nodes com-
pared with the overall trial population. No information on 

cancer stage was available. Thus, the possibility of more 
advanced cancers in the study has the potential to influence 
findings.

Investigation on the duration of extended letrozole (IDEAL) 
trial (1)

The IDEAL study was a phase III-randomized, controlled 
trial of 1,824 postmenopausal, hormone receptor-positive 
patients. Women were randomized to receive either 2.5 or 
5 years of letrozole after completing five years of ET [37]. 
Noordhoek et al. used all early-stage patients with avail-
able tumor specimens from this study (n = 908) to test BCI 
as a predictive marker of extended ET benefit. They found 
that, among BCI (H/I) High scoring patients, there was an 
improved recurrence-free interval among those with 5 years 
of extended letrozole compared to 2.5 years in the over-
all cohort (HR = 0.42, 95% CI: 0.21, 0.84). This was not 
seen among the BCI (H/I) Low scoring patients (HR = 0.95, 
95% CI: 0.58, 1.56) [28]. The authors concluded that their 

Table 1  Characteristics of included studies investigating biomarkers for the prediction of extended endocrine therapy benefit

Study Setting and 
diagnosis 
period

Study 
design

Parent trial 
population

Biomarker(s) Comparison Total 
patients 
analyzed

Number 
of patients 
with 
extended 
endocrine 
therapy (%)

Total 
number in 
each risk 
category 
(%)

Type of 
association 
estimate

Sgroi et al., 
2013

North 
America, 
1998–
2003

Nested 
case–con-
trol

MA.17 BCI H/I 10 years of 
letrozole 
versus 5 years 
of letro-
zole + 5 years 
of placebo

249 122 (49) H/I Low: 
128 (51)

H/I High: 
121 (49)

Odds ratio 
estimate 
of rate 
ratio

Noordhoek 
et al., 
2021

Nether-
lands, 
2007–
2011

Selected 
cohort 
from a 
rand-
omized 
controlled 
trial

IDEAL BCI H/I 10 years versus 
7.5 years of 
letrozole

908 454 (50) H/I Low: 
479 (53)

H/I High: 
429 (47)

Hazard ratio

Bartlett 
et al., 
2022

United 
Kingdom, 
1991–
2005

Selected 
cohort 
from a 
rand-
omized 
controlled 
trial

Trans-
aTTom

BCI H/I 10 years versus 
5 years of 
tamoxifen

789 392 (50) H/I Low: 
385 (49)

H/I High: 
404 (51)

Hazard ratio

Villasco 
et al., 
2021

Italy, 1988–
2014

Cohort – Ki67; PgR More than 
5 years versus 
5 years of 
endocrine 
therapy

783 180 (23) Ki67 Low: 
479 (61)

Ki67 High: 
304 (39)

PgR + : 708 
(90)

PgR-: 75 
(10)

Hazard ratio
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findings “demonstrate significant prediction of extended 
endocrine benefit based on BCI (H/I) classification” [28].

This study is susceptible to selection bias because 
only ~ 50% of the original trial population was included. 
However, the authors did provide a table demonstrating 
well-balanced clinicopathological characteristics between 
the parent trial and the analyzed population. It is also impor-
tant to note that the parent population was generally high 
risk. Thus, these results may not be generalizable to other 
populations.

The translational adjuvant tamoxifen‑to offer more? 
(Trans‑aTTom) trial (2)

The aTTom trial randomized 6,953 early breast cancer 
patients with ER + disease to receive either 5 or 10 years of 
tamoxifen [12]. These women were diagnosed from 1991 
to 2005 from 176 medical centers across the UK and were 
followed up annually. The Trans-aTTom included patients in 
the original trial with available tumor blocks. Bartlett et al. 
evaluated the utility of BCI to predict benefit of 10 years of 
ET among a subset of node-positive patients in the Trans-
aTTom trial population (n = 789). They found that, in the 
BCI (H/I) High stratum, patients randomized to 10 years of 
tamoxifen had an improved recurrence-free interval versus 
5 years of tamoxifen (HR = 0.35, 95% CI 0.15, 0.86), with 
no benefit seen in the BCI (H/I) Low stratum (HR = 1.07, 
95% CI 0.69, 1.65) [29]. In an article updating these results 
after completion of block collection, findings were similar 
(BCI (H/I) High HR = 0.33, 95% CI 0.14, 0.75; BCI (H/I) 
Low HR = 1.11, 95% CI 0.76, 1.64) [30].

Selection bias may threaten these results because tissue 
blocks were unavailable for approximately half of the origi-
nal trial population. This analysis was also conducted only 
among the high-risk, node-positive women, as the study 
did not have sufficient power to investigate node-negative 
women. Additionally, this study was largely composed of 
postmenopausal women treated with long-term tamoxifen 
treatment, which is not reflective of the current guidelines 
for adjuvant ET.

Other biomarkers (1 article)

Villasco et al. compared the Clinical Treatment Score-5 
(CTS5) to other risk stratification methods [38]. Although 
CTS5 itself is not eligible for inclusion due to its exclusive 
reliance on clinicopathologic factors rather than on a bio-
marker, this study’s results regarding Ki67 level and PgR 
status are eligible. Villasco et al. selected patients treated 
between 1988 and 2014 for invasive breast cancer at one 
hospital in Italy who had complete clinicopathological and 
immunohistochemical data (n = 783 women).

Ki67

Ki67 is a marker of cellular proliferation frequently tested 
in breast cancer, where a high score represents a high rate 
of proliferation and thus more aggressive disease [39]. Vil-
lasco et al. dichotomized Ki-67 level at 20%, where indi-
viduals with < 20% positively stained tumor cells among 
the total number of assessed cells were considered low risk 
and > 20% were high risk. Among women with a low Ki67 
level, the hazard of late distant recurrence was reduced 
among those treated with extended ET compared with just 
guideline ET (HR = 0.36, 95% CI 0.11, 1.17). In the same 
comparison among women with a high Ki67 level, the haz-
ard of late distant recurrence did not differ between the two 
treatment groups (HR = 0.93, 95% CI 0.34, 2.49), indicating 
that there could be a predictive effect (Fig. 2) [38].

Progesterone receptor status

PgR is often tested in conjunction with ER and has been 
shown to improve clinical outcome prediction over testing 
ER status alone [40]. However, in the Villasco et al. study, 
PgR status did not predict extended ET benefit. Compared 
with five years of ET, women on extended treatment with 
PgR-positive tumors had a decreased hazard of late distant 
recurrence (HR = 0.56, 95% CI 0.26, 1.20), which did not 
meaningfully differ from the same comparison with PgR-
negative tumors (HR = 0.78, 95% CI 0.09, 6.14]) [38].

This population again represented a selected sample, 
including only patients with complete data and follow-up. 
Additionally, of their total cohort of 783, only 180 extended 
ET (23%). Those with therapy extension were more likely to 
have larger and higher stage tumors compared with women 
who stopped treatment at five years. By not having a rand-
omized sample and by not accounting for treatment differ-
ences, this study is susceptible to confounding, particularly 
by disease severity.

Summary results

Meta-analyses of results were only conducted for three BCI 
predictive studies—Sgroi et al., Noordhoek et al., and the 
latest publication from Bartlett et al. (Fig. 3) [23, 28, 30]. 
Little heterogeneity was seen in the three study results (I2 
statistic < 1%). Thus, the fixed- and random-effects models 
yielded the same results. Patients with a BCI (H/I) Low 
score did not have a predicted benefit from extended ET 
compared with standard treatment with a pooled estimate of 
0.94 (95% CI 0.70, 1.28). Conversely, those with a BCI (H/I) 
High score appeared to benefit from extended ET versus the 
standard treatment, with a pooled estimate of 0.37 (95% CI 
0.24, 0.58).
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Fig. 2  Association between extended endocrine therapy (> 5 years) compared with standard treatment and breast cancer recurrence-free interval, 
stratified by Ki67 score, Villasco et al. (2021) [38]

Fig. 3  Associations between extended endocrine therapy (> 5 years) 
compared with standard treatment and breast cancer recurrence-free 
interval, stratified by Breast Cancer Index HOXB13/IL17BR (BCI 
(H/I) Score) in three distinct study populations. a Estimates reported 

are from most recent update on results from this population. b Sum-
mary statistic calculated using a random effects model incorporating 
each study’s OR or HR and its associated 95% confidence interval
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Discussion

In this review, four studies examined the utility of a bio-
marker in predicting clinical benefit from extended ET 
using the BCI Predictive assay and one study examined 
the predictive ability of Ki67 and PgR status. Of these, 
predictive capacity was seen for Ki67 in one study and 
for BCI Predictive assay in three distinct study popula-
tions. Though Villasco et al. concluded that no predic-
tive response was seen with Ki67 risk stratification, there 
did appear to be a distinction in late distant recurrence 
risk comparing low versus high Ki67 level [38]. Remain-
ing included studies consistently showed that a BCI (H/I) 
High score predicted benefit from extended ET, while a 
BCI (H/I) Low score did not. The BCI Predictive assay 
measures estrogenic and other proliferative signaling 
pathways in the progression of breast cancer, providing 
a risk-based score on the predicted benefit of additional 
therapy after completing the standard five years of ET 
[41]. However, the low number of eligible studies in this 
systematic review highlights the need for further research 
in this setting.

Our search identified many studies that investigated 
the utility of biomarkers in predicting overall late recur-
rence risk. Late recurrences occur when dormant cells 
remain inactive for some time, before reactivating to cause 
relapse. The underlying biology of dormancy remains 
poorly understood but is an active area of research. 
The Early Breast Cancer Trialists’ Collaborative Group 
(EBCTCG) periodically reviews the continued follow-up 
in trials such as ATLAS and aTTom to evaluate strate-
gies for reducing late recurrence [7]. In EBCTCG’s latest 
study on late recurrence risk, clinicopathological features 
such as original tumor/lymph node status and Ki-67 status 
were predictive of recurrence from 5 to 20 years (level 
of evidence: 1B) [7, 42]. In this systematic review, late 
recurrence risk was often deemed a proxy for individuals 
who may benefit from treatment extension. These studies 
use evidence from biomarkers that stratify the risk for late 
recurrence, but this addresses a different question than that 
of predicting extended ET benefit. Though these studies 
may hint at vulnerable patients, they do not evaluate the 
predictive ability of the biomarker itself. Other molecu-
lar tests (e.g., OncotypeDX) have shown some prognostic 
value in the setting of late recurrence, but are not recom-
mended for decision-making due to the lack of predictive 
studies [26].

Recently published ASCO guidelines recommend BCI 
testing to assess potential benefit of extended ET in dis-
ease with negative nodes or 1–3 positive nodes. However, 
the recommendation is only supported by intermediate 
evidence quality and a moderate strength [26]. In the 

guideline, Andre et al. note that the collective evidence 
from five studies—three of which were identified in this 
systematic review (Bartlett et. al, 2019; Sgroi et. al, 2013; 
and Noordhoek et. al, 2021)—demonstrated a consistent 
predictive benefit of extended ET. Of the two studies not 
eligible for this review, one was published as an abstract 
only, so did not meet our a priori eligibility criteria [43]. 
Importantly, this study found that BCI (H/I) score was not 
predictive of an improvement in recurrence-free interval 
after extended letrozole therapy [43]. The second study 
that was ineligible for our review and cited in the ASCO 
guidelines investigated BCI in node-positive patients. 
Though the study included patients on extended therapy, 
it did not directly compare them to individuals who com-
pleted the guideline five years of therapy and thus did not 
evaluate predictive ability of the BCI (H/I) score [41]. The 
fourth study that was eligible in this review was published 
after release of the ASCO guidelines. In a changing land-
scape of treatments and biomarker testing availability, it is 
essential to generate more evidence to support these guide-
lines. For example, since the 2015 approval of the first 
cyclin-dependent kinase (CDK) 4/6 inhibitors, no study 
has investigated the combined role of these drugs in addi-
tion to extended ET [44, 45]. As treatments change and 
improve, we must continue to generate both trial-nested 
and real-world evidence to understand the dynamics of 
extended ET.

Our review also calls attention to the lack of gener-
alizability resulting from features of the populations of 
included studies. One of the three studies—the Trans-
aTTom trial—included premenopausal and perimenopau-
sal women. However, these women only comprised about 
8% of the population (n = 25 premenopausal; n = 28 peri-
menopausal) [32, 33]. ASCO guidelines state that their 
recommendations for the predictive ability of BCI ‘cannot 
definitively be made’ for premenopausal and perimeno-
pausal women [26]. Additionally, cancer clinical trial par-
ticipation has historically been predominately composed 
of non-Hispanic white and higher-income individuals, 
limiting the generalizability of findings [46]. For exam-
ple, in the overall MA.17 trial, 91.9% of participants were 
non-Hispanic white women [13]. Not only are minority 
populations less likely to partake in clinical trials, but they 
are also less likely to receive biomarker testing [47]. In 
a meta-analysis of testing inequalities, lower socio-eco-
nomic position was associated with a decrease in predic-
tive biomarker test utilization (OR = 0.86, 95% CI 0.71, 
1.05, 10 studies) [48]. The mean cost of the BCI Predic-
tive assay is $3,450, and in the US is only covered by 
Medicare under certain criteria [49]. Given this high cost 
and lack of evidence in socio-economically disadvantaged 
populations, the recommendation of routine BCI testing 
is introducing what will inevitably be a disparity both in 
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receiving these tests and in understanding their clinical 
utility in underrepresented populations.

Another theme in these studies was making inferences 
based on hypothesis tests of treatment/biomarker interaction 
terms. All BCI-related papers reported this statistic and used 
it as evidence supporting their conclusion of a predictive 
effect of BCI (H/I) score on extended ET response. In this 
test, a full model including an interaction term between BCI 
(H/I) score and extended ET is compared with a reduced 
model without an interaction term. A likelihood ratio test is 
used to determine whether the interaction term coefficient 
is statistically significantly different from zero based on a 
p-value threshold of 0.05. Significant interaction terms were 
interpreted as supporting the predictiveness of the BCI (H/I) 
test. In the context of log-linear models, this tests whether 
there is a departure from multiplicativity of effects, which is 
often difficult to interpret, particularly when evaluating the 
predictive ability of a biomarker [50]. If available, future 
studies should consider investigating departure from additive 
effects or using stratified estimates of effect to measure of 
interdependence [51]. Regardless, caution should be taken 
when interpreting results from likelihood ratio tests in this 
setting.

Conclusion

This review outlines the limited research on biomarkers 
that predict a benefit from extended ET, including by use 
of commercially available tests, such as BCI. It is important 
to include premenopausal and perimenopausal women in 
future studies, as current studies in this area have nearly no 
representation of these important subpopulations of breast 
cancer patients who face the longest time at risk for recur-
rence. Additionally, diverse trial populations are essential, 
both because biomarker testing is differentially offered to 
many minority populations, but also because of lacking 
diverse trial. As breast cancer survival improves, the need 
to personalize treatment decisions will become increasingly 
important. Without sufficient evidence, healthcare teams and 
patients will face a difficult decision in balancing the benefits 
and risks of ET extension.
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