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Aim: To prospectively assess the impact of gene expression-based assay Breast Cancer Index (BCI) on ex-
tended endocrine therapy (EET) decision-making. Patients & methods: The BCI-tested samples from pri-
mary tumors (Stage I–III, hormone receptor positive breast cancer, >3.5 year endocrine therapy). Patients
and physicians completed questionnaires on EET preferences and decision conflict. Using these data, a
fact-based economic model was developed to project the cost impact of BCI. Results: The BCI results af-
fected treatment recommendations for 42/141 patients (overall mean, 62 year; 83% postmenopausal;
63% Stage I). Patient decision conflict decreased pre- to post-test. The BCI-related projected net savings
(US$5190/patient) was robust under sensitivity analysis. Conclusion: Incorporating BCI into clinical prac-
tice meaningfully impacted physician EET recommendations and decreased patient decision conflict, with
projected cost savings.
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Among estrogen (ER) and/or progesterone (PR) receptor-positive early-stage breast cancers, about half of recur-
rences occur after the first 5 years [1]. Several randomized studies have demonstrated extended endocrine therapy
(EET) beyond 5 years can reduce the risk of late recurrences [2–7]. However, the absolute benefit for patients overall
is a modest 3–5% improvement in disease-free survival (DFS), whether the initial 5 years of tamoxifen (TAM) was
continued for another 5 years or the therapy was switched to an aromatase inhibitor (AI) therapy. Notably, recent
results from randomized control trials found that following initial adjuvant AI therapy, extended AI treatment
resulted in modest DFS benefits and no overall survival (OS) benefits. This lead some in the oncology community
to conclude that findings do not support the use of extended AI after 5 years although they do suggest benefit for
a selected group of patients [8–10].

Previous studies of EET have shown that classic clinicopathologic factors, such as tumor size, grade, nodal status
and quantitative ER, are not predictive of benefit from EET, although they may predict risk of recurrence [11–13].
Additionally, over the past decade, several gene expression profiles have been shown to be successful tools in
assessing the risk of early recurrence for Stage I–II hormone receptor (HR) positive breast cancer beyond that
determined by traditional clinicopathologic factors, but many of these have decreased accuracy in predicting late
recurrences. The Breast Cancer Index (BCI) is a biomarker assay that is comprised of two reports, one prognostic
and one predictive. The BCI prognostic and predictive assays have been validated in multiple randomized trial
cohorts [14,15], have been shown to identify distinct markers of tumor proliferative status compared with tumor
grade and Ki67 [16] and contain increased prognostic accuracy for late recurrence when compared with the 21-gene
recurrence score [13,17,18].

The goals of this study were to examine the impact of BCI results on physician recommendations regarding
EET, to assess patient perceptions of EET before and after BCI testing and to evaluate the cost impact of BCI
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testing. Preliminary results on physician decision impact and patient attitude toward EET were reported earlier
based on single-institution results [19], the current report presents the final analysis of combined data from two
institutions. The larger, multi-institutional results were used to develop a health economic model to assess the health
economic impact of using BCI in EET decision-making. Specifically, the results from the prospective decision-
impact study allowed for modeling of comparisons between decision-making using standard clinicopathologic
diagnostic modalities alone versus decision-making following incorporation of BCI. The hypothetical patient
cohort was followed through the model that tracked costs across a variety of possible health states including EET
or observation, recurrence and death over a 5-year follow-up.

Patients & methods
Prospective decision-impact study
Patients

Women with history of Stage I–III, HR+ breast cancer treated at the Yale Cancer Center or at the University
of Pittsburgh Medical Center, including five practices and 17 physicians who had completed at least 3.5 years
of endocrine therapy (TAM, AI or combination), were eligible for inclusion in the study. Patients were enrolled
between February 2014 and April 2016. Physicians and patients completed standardized preassay and postassay
questionnaires. The BCI assay results were reported to the treating physician who discussed them with the patient
prior to the postassay questionnaire. This study was approved by Institutional Review Boards at both institutions,
and all participants signed informed consent [19].

The physician preassay questionnaire collected baseline patient and tumor characteristics treatment history, side
effects from prior endocrine therapy, an estimate of patient risk of distant recurrence, their preassay recommendation
and confidence level for EET. The physician postassay questionnaire assessed the postassay recommendation for
EET and level of confidence in the recommendation. The patient preassay questionnaire assessed history and
severity of endocrine-therapy-related side effects, perceived risk of recurrence, preference for EET, level of concern
regarding the cost, side effects, safety, potential benefit from therapy and satisfaction/comfort with the decision
whether to extend endocrine therapy. The patient postassay questionnaire also assessed perceived risk, preferences,
concerns and decision satisfaction, and further added the assessment of the likely impact of BCI on adherence
to recommended therapy. Patients also completed the State Trait Anxiety Index and the decision conflict scale,
validated instruments questionnaires designed to assess anxiety and decision conflict, respectively, before and after
BCI testing [20,21].

Molecular testing

The BCI assay (Biotheranostics, Inc; CA, USA) was performed using formalin-fixed, paraffin embedded archived
tumor tissue from primary tumor specimens. The BCI test report is comprised of two distinct results. The BCI
Prognostic is based on the algorithmic combination of the HoxB13/IL17BR (H/I) ratio, a set of proliferation-based
genes and the molecular grade index, comprised of BUB1B, CENPA, NEK2, RACGAP1 and RRM2) with four
reference genes and it reports individualized risk of late distant recurrence and a risk category [15]. Notably, the BCI
test report initially reported a low, intermediate or high-risk category; however, the report was modified in April
2015 to bin intermediate and high risk results into a single high risk category (based on time-dependent analysis of
three validation studies [13,15] showing similar late distant recurrence rates in intermediate and high risk patients).
The BCI predictive component is based on the H/I biomarker alone and reports a prediction of high versus low
likelihood of benefit from EET. Based on the two distinct results, there are four possible BCI result categories (high
risk-high likelihood of benefit from EET, high risk-low likelihood of benefit from EET, low risk-high likelihood of
benefit from EET and low risk-low likelihood of benefit from EET).

Statistical analyses

Paired rank tests were used for comparison of pre- versus post-test patient concerns, physician confidence and
patient comfort/satisfaction regarding the treatment recommendation pre- versus post-BCI testing. Paired t tests
were used to compare pre- versus post-test decision conflict scale and State Trait Anxiety Index questionnaires.
McNemar’s test for nominal paired data was used to assess change in physician treatment recommendation pre-
versus post-BCI testing. Odds ratio (OR) was calculated using conditional logistic regression.
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Health economic model

A deterministic, decision-analytic, Microsoft Excel-based model was developed from the payer perspective to
project cost and clinical outcomes of using BCI compared with standard clinicopathologic evaluation to guide
ER+ breast cancer patient management for the decision whether to extend endocrine therapy from 5 to 10 years.
This particular modeling approach was selected because it results in a rational and reproducible analysis despite a
moderate level of technical complexity and input uncertainty [22]. The model evaluated BCI when ordered at 5 years
postdiagnosis for the hypothetical population of patients, who were recurrence-free at 5 years postdiagnosis and
included impact on decision-making for duration of endocrine-based therapy. Treatment of a hypothetical cohort of
ER+, early-stage breast cancer patients was simulated through the development of a branched patient flow model.
Branches represented patient management under two scenarios based on the results from the prospective decision-
impact study: decision-making using standard clinicopathologic diagnostic modalities alone versus decision-making
following incorporation of BCI. The hypothetical patient cohort was followed through the models that tracked
costs across a variety of possible health states, including EET (or no treatment), observation or recurrence and
death over a 5-year follow-up.

Clinical inputs

Key assumptions driving use of EET are highlighted in Table 1. Inputs for EET decision-making were estimated
based on the results of the prospective decision-impact study: pre-BCI recommendations were used for the
‘without test’ scenarios and post-BCI recommendations were used for the ‘with test’ scenarios. Pre- and postassay
recommendations were averaged between institutions. The proportion of patients expected in each of the four
BCI result categories based on BCI Prognostic risk of late distant recurrence and BCI predictive (H/I) likelihood
of benefit from EET (high-high, high-low, low-high and low-low) were based on results provided by the test
manufacturer of real-world results from 14,463 patients tested in clinical practice.

The projected impact of EET on recurrence rates was based on BCI predictive (H/I) status (high vs low) alone,
derived from the analysis of H/I in the MA.17 study cohort [14]. Baseline estimated risk of late recurrence without
EET in the four BCI result categories was based on recurrence rates in placebo-treated patients with high versus low
BCI predictive (H/I) from the MA.17 cohort, adjusted for prognostic risk of late distant recurrence from patients
with BCI Prognostic high versus low risk in validation studies of node negative and node positive patients [15,23]

and the proportion of patients in each BCI result category. The risk of recurrence was 3.1-fold higher between BCI
Prognostic high and low risk patients in the High H/I group and 4.3-fold higher in the Low H/I group. Relative
risk reduction from EET observed in high H/I patients from the MA.17 cohort was then applied across both BCI
subgroups with high H/I. Given that patients with low H/I did not have a statistically significant benefit from
EET in the MA.17 study, no benefit was applied to these patients in the base case scenario.

Adherence

To account for the potential effect of patient adherence to endocrine therapy on the effect of therapy and the
likelihood of recurrence, adherence to endocrine therapy and the associated impact on disease recurrence was
modeled according to previously observed rates [24,25]. The model also incorporated the impact of a high risk BCI
score on patient adherence, estimated based on a published meta-analysis evaluating improvement in adherence
following information interventions [26,27]. Adherence assumptions are highlighted in Table 1.

Costs

A variety of sources were used to build cost assumptions applied to patients as they moved through health states
within the models (Table 1). Adjuvant endocrine drug costs were based on a RED BOOK analysis of average
sale prices across various manufacturers, factoring in generic drug pricing for both TAM and AIs [28]. Alongside
endocrine therapy, additional costs associated with supportive care and complications were included in the estimate
of drug costs [29,30]. For TAM, estimated frequency and costs associated with complications including endometrial
cancer, stroke, pulmonary embolism and deep vein thrombosis were included. For AIs, estimated frequency and costs
associated with annual bone mineral density screening, selective bisphosphonate use for osteopenia/osteoporosis
and fractures were included. Because CMS covers bone mineral density annually for women on bisphosphonate
therapy, the more conservative frequency of annual bone density testing was chosen for this analysis. Follow-up and
total costs of care following breast cancer recurrence were based an analysis of cumulative costs of chemotherapy,
biologic use and healthcare utilization in a large insured US population ($330,904 in patients with 25–36 months
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Table 1. Key assumptions: clinical decision-making and compliance.
BCI prognostic and predictive (H/I)
results

Endocrine therapy patient flow Extended endocrine therapy utilization

Proportion of patients Without test With test

– High risk/high likelihood of benefit 34% 77% 100%

– Low risk/high likelihood of benefit 9% 54% 43%

– High risk/low likelihood of benefit 21% 75% 69%

– Low risk/low likelihood of benefit 36% 59% 18%

Estimated 5-year recurrence rates†

BCI prognostic and predictive (H/I)
results

Observation EET

– High risk/high likelihood of benefit 31.5% 12.2%

– Low risk/high likelihood of benefit 10.1% 3.9%

– High risk/low likelihood of benefit 25.3% 25.3%

– Low risk/low likelihood of benefit 5.8% 5.8%

Adherence impact

Adherence rate Assumption

– Adherent 61%

– Nonadherent 11%

– Discontinued 28%

Increased recurrence risk Assumption

– Adherent 1.0

– Nonadherent 1.44

– Discontinued 1.61

Increased adherence with BCI Assumption

– Increase in adherence 15%

Cost assumptions

Adjuvant endocrine therapy costs Yearly cost (USD) 5-year cost (USD)

– Tamoxifen drug costs 126 630

– Tamoxifen toxicity costs† 42 210

– Aromatase inhibitor drug costs 1212 6060

– Aromatase inhibitor toxicity costs‡ 221 1105

Recurrence costs Cost (USD)

– Total costs 532,904

BCI test costs Cost (USD)

– BCI test cost 3450

† Includes cost of endometrial cancer (0.08% annual risk at $18,245), stroke (0.05% annual risk at $30,111), pulmonary embolism (0.05% annual risk at $16,943) and deep vein
thrombosis (0.05% at $6274).
‡Represents total cost of annual bone mineral density screening and selective bisphosphonate use for osteopenia, plus associated fractures.
BCI: Breast Cancer Index.

of follow-up available) [31]. As this analysis was published prior to the US FDA approval of palbociclib, additional
costs were added to the estimate to account for the new standard of care. Recent cost–effectiveness and utility
studies have reported that when compared with letrozole, the addition of palbociclib provided an additional 1.2–
3.0 quality-adjusted life years at an incremental cost of approximately $160,000–190,000 [32,33]. Finally, the cost
of the assay was based on the manufacturer’s suggested retail pricing.

Analyses

Impact on total cost was evaluated based on effect from EET-based decision-making and impact on adherence,
recurrence rates and drug toxicities. Univariate sensitivity analyses were conducted to evaluate the impact of
parameter input uncertainty on model outcomes.

Probabilities and cost parameters were varied over a range of clinically relevant conservative and aggressive
estimates from the literature and expert elicitation.
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Results
Decision impact study
Patient & tumor characteristics & summary of BCI test results

A total of 155 patients were enrolled, of whom 141 completed both the pre- and post-test questionnaires (Supple-
mentary Figure 1). The median age was 62 years (range 45–87), 117 (83%) patients were postmenopausal, 104
(74%) had node negative disease, 89 (63%) had Stage 1 disease and 60 (43%) received chemotherapy (Table 2).

‘BCI Prognostic’ categorized 60 patients (43%) as high risk and 81 patients (57%) as low risk for late distant
recurrence while ‘BCI predictive’ categorized 60 patients (43%) as high likelihood and 81 patients (57%) as low
likelihood of benefit from EET. In 39 cases (28%), the assay predicted high risk of late distant recurrence and high
likelihood of benefit from EET while in 60 cases (43%), the assay predicted a low risk of late distant recurrence
and low likelihood of benefit from EET. In 21 cases (15%), the assay predicted high risk of late recurrence and low
likelihood of benefit.

Impact of BCI on physician recommendations for EET

Prior to BCI testing, EET was recommended for 92 of the 141 patients (65%). The BCI results led to a change
in physician treatment recommendation in 42 patients (30%; Table 3). A change from a ‘recommend’ to ’not
recommend’ EET was more common (n = 30; 71%) than a change from ‘not recommend’ to ‘recommend’ (n = 12;
29%; OR: 2.5; 95% CI: 1.28–4.883; p = 0.0087). Overall, recommendations against EET rose from 35 to 48%,
while recommendations for EET dropped from 65 to 52%.

Of cases in which physicians changed their recommendation from ‘recommend’ EET to ‘not recommend’ EET,
83% of patients were low risk and 75% were high risk. Additional analysis showed that 97% (29/30) of patients
were BCI prognostic low risk or BCI predictive low likelihood of benefit. Of cases in which physicians changed
their recommendation from ‘not recommend’ to ‘recommend’ EET, 92% (11/12) were BCI Prognostic high risk
or BCI predictive high likelihood to benefit from EET. Following BCI testing, there was an increase in physician
confidence in their recommendation (p = 0.017).

Patient-reported data

At enrollment, patients were asked to rank their concerns regarding benefit of treatment, safety, side effects and cost
from 1 to 5 (1 = not at all concerned; 5 = very much concerned). Compared with baseline, post-BCI evaluation
showed a significant decrease in concerns regarding benefit (p = 0.0015), cost (p = 0.026) and safety (p < 0.001).
There was no significant change in concern for side effects of EET (p = 0.262) from pre- to post-BCI testing.

There was a significant decrease in anxiety scores from pre- to post-testing (31.14–29.01; p = 0.0045). Decision
conflict significantly decreased following BCI testing (44.8–36.3; p < 0.0001). Of those who reported increased
anxiety, 61% had BCI results showing high likelihood of late recurrence.

Following BCI testing, there was an increase in patient satisfaction/comfort in the decision regarding EET (p
< 0.0001). Of patients who were recommended for EET by their physician following BCI testing, 82% stated that
they would be more likely to be compliant with EET based on the BCI results.

Health economic analysis

The base case resulted in mean costs of $78,850 per patient without the use of BCI. Use of BCI resulted in mean
costs of $73,660, resulting in a savings of $5190 per patient after accounting for the cost of the test. The cost
benefit was predominantly driven by targeted use of EET.

Key outputs of the sensitivity analysis for this model are illustrated in Figure 1. The model was most sensitive to
the percentage of patients with BCI Prognostic high risk and high BCI predictive (H/I) results who received EET
following BCI testing, the percentage of total patients who would have received EET in the absence of BCI testing,
the benefit of EET in patients with a low BCI predictive (H/I) result and the total cost of a recurrence. None of
the sensitivity analyses resulted in a cost savings under $1700 per patient tested while more aggressive scenarios
predicted cost savings of over $7300 per patient tested.

Discussion
This study now combines data from two institutions, helping to improve generalizability and reduce bias that
may be associated with specific practices at any one institution. The results from this study show incorporating
results from the BCI test into decisions surrounding use of EET led to significant changes in physician treatment
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Table 2. Baseline characteristics.
Patient and tumor characteristics n = 141

Age, y

– Mean/median 62/63y

– (Min-max)
≥50 years old, n (%)

(45–87y)
129 (91%)

Race, n (%)

– Caucasian 87 (62%)

– African–American 5 (4%)

– Asian 2 (1%)

– Unknown 47 (33%)

Menopausal status, n (%)

– Premenopausal 17 (12%)

– Perimenopausal 7 (5%)

– Postmenopausal 117 (83%)

Hormone receptor status, n (%)

– ER+ /PR+ 126 (89%)

– ER+ /PR- 14 (10%)

– ER- /PR+ 1 (1%)

HER2 status, n (%)

– HER2 positive 9 (6%)

– HER2 negative 130 (92%)

– Not available 2 (1%)

Stage, n (%)

– Stage I 89 (63%)

– Stage II 43 (31%)

– Stage III 9 (6%)

Tumor size, n (%)

– T1 (≤2 cm) 103 (73%)

– T2 (�2–5 cm) 34 (24%)

– T3 (�5 cm) 4 (3%)

Nodal status, n (%)

– N0 104 (74%)

– N1 (1–3 nodes) 30 (21%)

– N2 (4–9 nodes) 7 (5%)

Chemotherapy, n (%)

– Yes 60 (43%)

– No 81 (57%)

Initial adjuvant therapy, n (%)

– TAM 24 (17%)

– AI 93 (66%)

– TAM and AI 24 (17%)

Bone density, n (%)

– Normal 42 (30%)

– Osteopenia 73 (52%)

– Osteoporosis 10 (7%)

– Not performed 16 (11%)

AI: Aromatase inhibitor; ER: Estrogen; PR: Progesterone; TAM: Tamoxifen.
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Table 3. Effects of Breast Cancer Index testing on physician decisions regarding extended endocrine therapy.
Change in treatment decision - recommend to not
recommend

H/I likelihood of benefit

Low likelihood, n High likelihood, n

– BCI low risk 20/60 5/21

– BCI high risk 4/21 1/39

Not recommend to recommend

– BCI low risk 1/60 2/21

– BCI high risk 3/21 6/39

BCI: Breast Cancer Index; H/I: HoxB13/IL17BR

Percentage of BCI high risk and
high H/I receiving EET post-test

Percentage of patients classified as
BCI high risk and high H/I

Percentage of total patients
 receiving EET pre-test

Reduction in recurrence rate from
EET in low H/I patients

Total cost of recurrence

BCI test cost

Base
Base case

$5190 per patient

1718

3081 7301

6734

6260

5535

5406

Cost savings ($)

3177

3645

4132

4845

4976

0

$533 K $433  K $633 K

2500

$3450 $3795

100% 90%

68% 73% 63%

20%

39%

n/a

n/a0%

15% 10%

34% 29%

4%

5000 7500

$3105

AggressiveConservative

Compliance improvement

Figure 1. Univariate sensitivity analysis. The tornado diagram illustrates the sensitivity of the model to key assumptions. The cost
benefit was predominantly driven by targeted use of extended endocrine therapy.

recommendations and confidence level, as well as increased patient satisfaction. The majority of changes in
physician’s recommendations were to omit EET after an initial recommendation to continue. The use of the BCI
may have spared these patients unnecessary treatment-related side effects to prevent a recurrence that was unlikely
to happen based on genomic analysis. Perhaps more impactful is the minority of patients who had a change in
the recommendation to take EET after BCI test results were known. Despite the physician’s clinical judgment that
the patient would not benefit from EET, this group was ultimately recommended for EET, and reported increased
likelihood of adherence based on the result. The goal of EET is to treat the patients most likely to benefit from
prolonged therapy in order to spare them a recurrence, and this test may have helped identify those who would
have otherwise been overlooked based on clinical and pathologic factors alone. Additionally, we know adherence
rates continue to decline over time such that by 5 years only about 50–60% of women are compliant. Furthermore,
studies in the post 5-year setting show continued adherence issues and discontinuation rates [8,12]. Poor adherence
to EET has been associated with poorer outcomes [11,34,35] and has been shown to result in an increased risk of
breast cancer recurrence [36], therefore helping patients manage their symptoms and encouraging drug compliance
is important. Based on our results, it seems BCI could be a tool to improve adherence to EET in patients identified
as high risk and high likelihood of benefit from EET. In order to better explore these implications, further chart
extraction will be done over time to examine the women who were recommended to take EET and adherence rates.

When examining the potential cost impact of using BCI in women who are completing 5 years of therapy
and considering EET, the test is projected to be cost-saving. Cost savings were driven predominantly by patients
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initially not recommended for EET, who were recommended for EET following BCI high risk / high likelihood to
benefit results. While the proportion of patients that benefit from EET is modest in randomized studies (3–5%),
leading to challenging decision-making, the cost of a distant recurrence is significant (estimated at over $500,000
with newer approved therapies including mTOR inhibitors and CDK 4/6 inhibitors) [31,37]. Thus, prevention of
even a small number of metastatic events has the potential to greatly reduce overall cost of care. In addition, while
costs from endocrine therapies themselves are relatively low, there is additional cost savings through reduction in
care and therapies required for prevention and treatment of endocrine therapy-related toxicities in patients not
recommended for EET following BCI testing.

Our study has several limitations. First, this study was initiated prior to the results of MA.17R, NSABP B-42,
DATA and IDEAL studies were reported. Therefore, it is possible that more physicians today are not recommending
EET at baseline compared with when this study was done. However, it is important to note that commentaries
from these studies have identified the need for better identification of those who would benefit the most from EET,
and the use of genomic platforms is recognized as one effort to better individualize recommendations. Our results
do confirm that the use of BCI testing impacted decision-making and increased physician confidence. Second,
there was an imbalance in the number of patients who received TAM (17%) versus AI (66%) as an initial adjuvant
therapy. While the DFS benefit of EET appears to be in the same range for both TAM and AI (3–5%) [2–7], the
side effects and patient’s perception of benefit from medication or BCI results may be impacted. A future study
could examine this confound to provide further impact of initial therapy. Third, while the health economic analysis
improves on a previous model [38] by incorporating real-world decision-impact, cost and recurrence assumptions
are still modeled based on published literature. Future studies should confirm the cost impact using longitudinal
data from third-party payer databases.

Conclusion
Extending endocrine therapy beyond 5 years in the entire early stage, ER+ breast cancer population confers only
marginal benefit that can vary depending on sequencing of ET. However, specific patients do benefit greatly from
EET and the identification of those patients with tools beyond clinicopathologic characteristics is important.
Our multi-institutional study shows use of BCI significantly impacted physician decision-making, increased their
confidence in the recommendation and led to improved patient satisfaction, increased likelihood of adherence and
projected cost savings.

Summary points

• Extending endocrine therapy (EET) beyond 5 years does not appear to confer a benefit in the entire population
of patients with early-stage estrogen-positive breast cancer.

• In order to identify appropriate EET patients and predict treatment benefit, additional factors outside of
traditional clinicopathologic data are necessary.

• We assessed the impact of the biomarker assay Breast Cancer Index (BCI) on decision-making around EET and
developed an economic model to assess cost savings.

• The BCI results led to a change in physician treatment recommendation for 30% of patients; in 71% of these
cases, this change was from ‘recommend EET’ to ‘not recommend EET’.

• Patient anxiety and decision conflict regarding EET significantly decreased after testing and satisfaction/comfort
in the decision increased.

• Among patients who were recommended EET, 82% reported they were more likely to comply with treatment
based on the BCI results.

• Use of BCI resulted in mean cost savings of US$5190/patient, with the cost predominantly driven by targeted use
of EET.

• Our multi-institutional study shows that the use of BCI significantly impacted physician decision-making and
increased confidence and satisfaction in the decision for both the physicians and the patients.

Supplementary data

To view the supplementary data that accompany this paper please visit the journal website at: www.futuremedicine.com/doi/full/

10.2217/bmt-2019-0001
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