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Abstract

Intro—Suppressing both androgens and estrogens may circumvent hormone receptor resistance in 

breast cancer by reducing androgen receptor stimulation. Selective inhibition of the 17, 20-lyase 

enzyme by orteronel leads to decreased androgen production in men and would be anticipated to 

reduce estrogen and androgen production in women. Thus, we conducted a phase 1b study of 

orteronel in postmenopausal women with hormone-receptor positive (HR+) metastatic breast 

cancer.

Methods—The primary objective was to identify the recommended phase 2 dose (R2PD) of 

orteronel in women; escalation was via standard 3+3 design. The initial dose was 300 mg BID and 

escalated to 400 mg BID. Cycle length was 28 days. Enrolled patients had HR+ metastatic breast 

cancer and were evaluated every 8 weeks for disease progression.
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Results—Eight heavily pre-treated women enrolled [median age: 57 yo (range 47–73)]. Four 

received 300 mg BID at dose level 1; 4 received 400 mg BID at dose level 2. No dose limiting 

toxicities (DLTs) were observed. Adverse events (AE) at least possibly related to orteronel 

included grade 1–2 nausea (n=4) and bone pain (n=3), and grade 1 hypokalemia, hot flashes, 

myalgia and AST elevation (n=2). The only grade 3 AE was hypertension (n=2) with 8 patients 

receiving 34 cycles of treatment. No objective responses were seen; clinical benefit was seen in 2 

patients with stable disease for more than 6 months. Serum estrogens and testosterone were 

suppressed from baseline on both doses of orteronel.

Conclusions—Orteronel 400 mg BID is well tolerated in postmenopausal women, and 

significantly suppresses serum estrogens and testosterone. Clinical benefit was seen among heavily 

pretreated postmenopausal women with HR+ metastatic breast cancer.
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INTRODUCTION

Metastatic breast cancer remains an incurable disease. An estimated 40,000 and 520,000 

women die respectively in the U.S. and globally each year from metastatic breast cancer.[1, 

2] For women with metastatic breast cancer, systemic therapy palliates symptoms and 

prolongs survival. Patients with estrogen receptor (ER) or progesterone receptor (PR) 

expressing (hormone receptor-positive [HR+]) breast cancer benefit from endocrine 

therapies such as aromatase inhibitors, tamoxifen, and fulvestrant, all of which impact the 

effect of estrogens on ER.[3] These endocrine therapies are the treatment of choice for 

women with HR+ metastatic breast cancer because of their favorable side-effect profile and 

high likelihood of clinical benefit. However, metastatic breast cancer inevitably develops 

resistance to these therapies. Combining endocrine therapy with targeted agents like 

mammalian target of rapamycin (mTOR) inhibitor like everolimus or cyclin-dependent 

kinase (CDK) 4/6 inhibitors have demonstrated improved effectiveness over endocrine 

therapy alone. [4, 5] However, women develop inevitable progression on these treatments 

with limited subsequent therapy options other than cytotoxic chemotherapy. Novel methods 

and drugs to overcome resistance to endocrine therapy are needed.

One logical therapeutic target is the androgen receptor (AR). Depending on the population, 

subtype of breast cancer and method of detection, AR is expressed in 70–90% of primary 

breast cancers, with a frequency comparable to or higher than that of either ER or PR.[6–8] 

Selecting for ER positivity enriches for AR expression.[9] Further, overexpression of AR 

correlates with tamoxifen resistance.[10] Plasma testosterone levels correlates with inferior 

prognosis in postmenopausal breast cancer, especially when levels rise in response to 

endocrine therapy.[11, 12] This suggests that androgenic activity may stimulate growth in at 

least a subset of HR+ breast cancer. AR stimulation by androgens represents a potential 

mechanism of resistance to endocrine therapy. This could be especially important in the 

setting of AI-based endocrine therapy, where the conversion of androgens to estrogens is 
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blocked, and androgen levels rise compared to pre-treatment levels.[13, 14] Therapies that 

simultaneously decrease serum androgens and estrogens might circumvent this mechanism.

Inhibition of the 17, 20-lyase (CY17) results in decreased synthesis of androgens and 

ultimately estrogens, but not necessarily in decreased synthesis of mineralo- or gluco-

corticoids (Figure 1). Lyase inhibitors or other drugs targeting AR are in clinical use for men 

with castrate-resistant prostate cancer (e.g. ketoconazole, abiraterone and enzalutamide). 

Inhibition of CY17 may be of clinical utility in postmenopausal women with HR+ metastatic 

breast cancer: at a minimum, CY17 inhibitors should lead to lowered serum estrogen levels 

and be expected to have activity similar to an AI. However, given that CY17 inhibitors lower 

both androgens and estrogens, they may be more effective than aromatase inhibitors based 

on dual effects at both the ER and AR. Thus, CY17 inhibitors represent a novel therapeutic 

endocrine therapy for metastatic breast cancer. Orteronel (TAK-700) is a selective, 

reversible, non-steroidal inhibitor of CY17. Orteronel has been studied in men with prostate 

cancer and was found to improve progression-free survival (PFS) both in the chemotherapy 

naïve and docetaxel treated patients.[15, 16] However, orteronel has not been tested in 

women for safety or efficacy.

To address this, we conducted a phase Ib trial of orteronel in postmenopausal women with 

metastatic HR+ breast cancer. The primary endpoints are toxicity and changes in steroid 

hormone levels which together define the recommended phase two dose (RP2D).

METHODS

This single-institution phase 1, open-label, non-randomized study was approved by the 

institutional review board at the University of Wisconsin and was conducted in accordance 

with the Declaration of Helsinki. Participants provided written informed consent prior to 

enrolling in the trial. A 3+3 design was used for the dose escalation cohort, and the 

recommended Phase II dose (R2PD) was defined as the dose level at which less than one-

third of participants experienced a dose-limiting toxicity (DLT). RP2D was defined based on 

toxicity and changes in steroid hormone levels.

Eligibility

Postmenopausal women with an Eastern Cooperative Oncology Group (ECOG) performance 

status <2 (Karnofsky >60%) with adequate hematologic, renal, hepatic and cardiac function 

were eligible. Postmenopausal status was defined as 1) age ≥ 55 years and amenorrheic for 

12 or more months or 2) age less than 55 years and amenorrheic for 12 or more months in 

the absence of any treatment with an intervening agent expected to cause menstrual 

dysregulation or 3) bilateral salpingo-oopherectomy (BSO) regardless of age. A documented 

serum follicular stimulating hormone (FSH) level and serum estradiol level consistent with 

postmenopausal status was required in the absence of BSO. The study required 

histologically confirmed, measureable or evaluable, advanced or metastatic HR+ breast 

cancer for which no standard curative treatment existed. Breast cancer was defined as HR+ 

if either the ER and/or PR were reported as (1) Allred > 4, (2) Immunohistochemistry (IHC) 

1+, 2+, 3+ or (3) percentage of positive staining >10%. In the case of discrepancy in primary 
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vs metastatic ER/PR testing, the metastatic results were used to determine eligibility. 

Women with definitively treated and stable brain metastases were eligible for the study.

For the dose escalation cohort, there was no restriction in terms of prior lines of hormonal 

therapy (prior therapy with abiraterone or aminoglutethimide excluded patients from this 

cohort). Medical therapy for breast cancer (except bisphosphonates or denosumab) was not 

allowed within 21 days of initiating study drug. Patients on continuous corticosteroid 

therapy within 21 days prior to study treatment initiation were ineligible. Patients had to 

have recovered to baseline or ≤ grade 1 from all-prior treatment related toxicities. Patients 

with uncontrolled hypertension despite appropriate medical therapy, endocrine disorders 

including, but not limited to, Cushing’s or Addison’s disease, active chronic hepatitis B or 

C, life-threatening illness unrelated to cancer, or any serious medical or psychiatric illness 

that could potentially interfere with participation in the study were excluded. Following the 

dose escalation cohort, a 9-patient dose-expansion cohort was proposed (measurable disease, 

no more than 1 prior line of endocrine therapy and no prior cytotoxic chemotherapy in the 

metastatic setting) to demonstrate clinically significant decrease in serum estradiol following 

treatment with orteronel at RP2D. However, this dose expansion cohort was suspended after 

1 patient enrolled. Accrual was subsequently closed due to changes in the development 

strategy by the sponsor.

Treatment Plan

Orteronel was given orally, twice daily (BID) and continuously on a 28-day treatment cycle 

as outlined in Figure 2, starting at the RP2D in men (300 mg BID). Doses were determined 

by the dose level assignment (see Supplementary Table 1). Treatment was continuous until 

disease progression, unacceptable toxicity or withdrawal of consent. Dose modification was 

based on grade and attribution of any adverse events (AE). Specific management 

recommendations were defined in the protocol for adrenal insufficiency, mineralocorticoid 

excess, hypertension and hyperglycemia.[17] Patients were followed for 4 weeks after 

discontinuing study treatment or until death, whichever occurred first. Patients removed 

from study for unacceptable AE(s) were followed until resolution or stabilization of the AE.

Mineralocorticoid excess and adrenal insufficiency were side effects of orteronel seen in 

phase I clinical trials in men.[17] Some men were able to tolerate higher dose of orteronel 

with concomitant glucocorticoids; thus, alternate dose levels 1b and 2b of orteronel + daily 

glucocorticoids were included in the dose escalation schema (Supplementary Table 1). These 

alternate dose levels were to be used if significant number of patients had symptoms 

consistent with mineralocorticoid excess and/or adrenal insufficiency in dose level 1a or 2a.

Assessments

Patients were monitored with history, physical exams, laboratory testing and 

electrocardiograms at baseline and every 4 weeks for the first 6 months of the study. 

Subsequently, these were performed at least every 12 weeks. Cardiac function was 

monitored at baseline, after 2 cycles, and after 6 cycles of treatment. Patients were assessed 

per standard criteria with baseline imaging followed by re-evaluation every 8 weeks for the 

first 6 months. Subsequently, disease evaluations were performed at least every 12 weeks. 
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Response and progression were evaluated using revised Response Evaluation Criteria in 

Solid Tumors (RECIST) guideline version 1.1.[18] AEs were graded according to the 

National Cancer Institute Common Terminology Criteria for Adverse Events (CTCAE) 

version 4.0.[19]

DLTs were defined as those that occurred during Cycle 1 and at least possibly related to 

orteronel. Hematologic DLTs included grade 3 or higher neutropenia regardless of duration, 

grade 4 thrombocytopenia or any grade of thrombocytopenia if associated with a clinically 

significant or life-threatening bleed. Non-hematologic DLTs were defined as any grade 3–4 

toxicities, except nausea, vomiting, diarrhea or rash not yet treated with maximal medical 

therapy. Symptoms thought to be at least possibly related to orteronel requiring initiation of 

systemic steroids or other systemic endocrine therapies during cycle 1 including (but not 

limited to) new onset diabetes or hypothyroidism were considered a DLT. Any toxicity 

preventing delivery of > 75% of the protocol specified cycle 1 treatment or dose delay of > 

14 days starting prior to Cycle 2 Day 1 when at least possibly related to orteronel was also 

defined as a DLT.

Pharmacodynamic Assays

Serum endocrine hormone levels including estradiol, estrone, progesterone, cortisol, 

cortisone, androstenedione and testosterone were measured using a validated liquid 

chromatography-mass spectrometry (LC-MS/MS) assay on Cycle 1 Day 1, Cycle 1 Day 15 

and Cycle 1 Day 28 of treatment and then on Day 1 of subsequent cycles.

Statistical Analysis

The primary objective of the dose escalation cohort of this study was to determine the RP2D 

of orteronel in postmenopausal women with HR+ metastatic breast cancer. Secondary 

objectives were to determine overall response rate (ORR) and disease control rate (DCR) in 

all patients treated with orteronel, determine toxicity of orteronel at RP2D, and to determine 

pharmacodynamic activity of orteronel by assessing serum endocrine hormone levels before 

and after administration of orteronel. A minimum of 6 and a maximum of 18 patients were 

to be enrolled in the dose escalation cohort. The dose escalation phase employed a 

traditional 3+3 dose escalation schema involving cohorts of 3–6 patients at each dose level. 

All patients were evaluated for toxicity from the time of their first treatment with orteronel. 

DLTs were to be tabulated by dose level, and thus descriptive in nature. Patients with 

measurable disease at baseline, who received at least one cycle of therapy, and had their 

disease re-evaluated were considered evaluable for response. Serum endocrine hormone 

levels including estradiol, estrone, testosterone, progesterone, androstenedione, cortisol, and 

cortisone were summarized using means, standard deviations, medians, and interquartile 

ranges for each dose level and both dose levels combined. For both dose levels combined, 

changes in hormone levels from baseline were also summarized using descriptive statistics 

and plots of these hormone levels for each patient.
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RESULTS

Participant and Disease Characteristics

Eight participants (median age 57 years, range 47–73 years) were enrolled on the study 

between November 2012 and November 2013; 7 participants in the dose escalation cohort 

and 1 participant in the dose expansion cohort. None of the tumors in the patients enrolled 

were known to be HER2 amplified although one had unknown HER2 status and had not 

received prior HER2-targeted therapy. Patients were heavily pre-treated: 7 had prior 

endocrine therapy for metastatic cancer (median 4 lines, range 0–5) and 5 had prior 

chemotherapy regimens for metastatic cancer (median 2, range 0–7). Sites of metastatic 

disease included bone (n=5), liver (n=3), lymph nodes (n=4), soft tissue (n=2), and lungs 

(n=2). Table 1 summarizes the relevant demographics and other baseline characteristics.

Treatment

4 patients received orteronel 300 mg BID at dose level 1: participant 2 was diagnosed with 

brain metastases while on cycle 1 of treatment and taken off study; she was deemed not 

evaluable for response and replaced by participant 4 at dose level 1. 3 patients received 

orteronel 400 mg BID at dose level 2. Participant 8 received orteronel at the dose of 400 mg 

BID in the dose expansion cohort for cycle 1; this was reduced to 300 mg BID for cycle 2 

onwards due to grade 3 hypertension.

Orteronel was well tolerated – no DLTs were observed. No patients had symptoms 

concerning for mineralocorticoid excess or adrenal insufficiency requiring steroids and 

hence, the alternate dose levels with exogenous glucocorticoid supplementation were not 

utilized. The RP2D was identified as 400 mg BID.

Safety and Tolerability

Common adverse events at least possibly related to orteronel therapy and experienced by 

more than 1 patient included grade 1–2 nausea (n=4), grade 1–2 bone pain (n=3), grade 1 

hypokalemia (n=2), grade 1 hot flashes (n=2), grade 1 myalgia (n=2), and grade 1 AST 

elevation (n=2). The only grade 3 adverse event was hypertension in two patients at the 400 

mg BID dosing. The first patient developed hypertension in the 5th cycle of treatment that 

resolved following dose reduction and the patient continued therapy for a total of 9 cycles. 

The second patient needed dose reduction to 300 mg BID and tolerated therapy well for 3 

more cycles. No grade 4 toxicities were observed with orteronel therapy. Adverse events 

observed in patients treated with orteronel in the study are enumerated in Table 2.

Efficacy

The 7 patients in the dose escalation cohort received a total of 32 cycles of treatment (the 

single participant in the dose expansion cohort received 2 cycles). No objective responses 

were seen, however, 2 patients had prolonged stable disease and remained on therapy for 

more than 6 months. Duration of therapy, best response and reason treatment was stopped 

are shown in Table 3.
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Pharmacodynamic analysis

Serum endocrine hormone levels including estradiol, estrone, progesterone, cortisol, 

cortisone, androstenedione and testosterone were measured on Cycle 1 Day 1, Cycle 1 Day 

15, and Day 1 of subsequent cycles. Figure 3 provides plots of hormone levels by time point 

for each patient.

Declines in estrone, testosterone, cortisone and androstenedione levels from baseline were 

observed for dose levels 1a and 2a. In the combined dose group, estradiol levels decreased 

from 5.4 pg/mL (SD=5.6) at baseline to 0.39 (SD=0.87) at Cycle 3 Day 1, estrone levels 

decreased from 23.1 pg/mL (SD=12.4) at baseline to 4.1 (SD=6) at Cycle 3 Day 1, 

testosterone levels decreased from 134.9 pg/mL (SD=95.7) at baseline to 17.1 (SD=23.6) at 

Cycle 3 Day 1, androstenedione levels decreased from 1.08 pg/mL (SD=0.53) at baseline to 

0.08 (SD=0.04) at Cycle 3 Day 1, and cortisone levels decreased from 24.6 ng/mL (SD=8.6) 

at baseline to 4.8 (SD=2.6) at Cycle 3 Day 1. Serum progesterone level responses were more 

varied and difficult to interpret given large fluctuations in levels.

Supplemental Table 2 summarizes hormone levels by time point and dose level, and 

supplemental Table 3 summarizes changes in hormone levels from baseline are summarized 

in the combined dose group.

DISCUSSION

Aromatase inhibitors remain the cornerstone of treatment for HR+ metastatic breast cancer 

in postmenopausal women. However, 30–50% of HR+ tumors display de novo resistance to 

endocrine therapies and metastatic HR+ tumors generally develop acquired resistance at 

some point during treatment.[20, 21] AR is expressed at detectable levels in 70–90% of 

primary breast cancers and is associated with a well-differentiated state and a favorable 

prognosis.[22, 23] However, a high ratio of AR:ER (≥2.0) is associated with inferior disease-

free survival (DFS) and overall survival (OS) as well as an inferior response to endocrine 

therapy.[20] Activation of the AR by androgens in the setting of AI therapy represents a 

potential resistance mechanism in HR+ breast cancer.

Therapies that simultaneously decrease both serum androgens and estrogens might 

circumvent resistance to aromatase inhibitors and enhance therapeutic efficacy. This is an 

attractive strategy given the availability of 17,20 lyase inhibitors approved or being studied 

for the treatment of prostate cancer. Orteronel (TAK-700) is a selective, reversible, non-

steroidal inhibitor of CYP17, known to decrease serum androgens levels in men.[17] We 

conducted a phase Ib study of orteronel as a single agent in postmenopausal women with HR

+ metastatic breast cancer. Orteronel 400 mg BID was identified as the R2PD and given that 

it exhibited significant and sustained decreases in serum estrogen and androgens levels, 

represents the R2PD for this agent in women. No significant toxicity was noted, and no 

concomitant glucocorticoids were required. With multiple prior lines of therapy, no objective 

responses were seen; however, two patients experienced clinical benefit for over 6 months 

consisting of stable disease for 12 and 9 months. Importantly, serum estrogen levels 

remained suppressed over multiple cycles despite the lack of concomitant AI. Thus orteronel 
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400 mg BID is a safe treatment for HR+ breast cancer and warrants testing at an earlier line 

of therapy.

Other trials of lyase inhibitors have been completed in HR+ metastatic breast cancer. A 

randomized phase II trial of abiraterone + prednisone (AP) vs AP + exemestane vs 

exemestane alone was conducted in 297 patients with ER+ metastatic breast cancer 

progressing on a non-steroidal AI. This trial did not show any improvement in PFS or OS in 

the abiraterone-containing arms compared with exemestane alone. Increased progesterone 

levels were noted in both of the arms receiving abiraterone, and were proposed as an 

explanation for the lack of benefit.[24] Analysis of progesterone levels in our study were 

complicated by substantial fluctuations over time: other studies have suggested that rise in 

progesterone could potentially represent a mechanism of resistance to therapy with lyase 

inhibitors. Enzalutamide, a more potent AR antagonist, is being evaluated in a phase II 

randomized trial in combination with exemestane in ER+ metastatic breast cancer (ongoing 

at this time).[25]

Our study has several strengths with the key being that orteronel alone can lead to adequate 

and sustained estrogen suppression without the need of concomitant aromatase inhibitors in 

postmenopausal women. Despite multiple prior lines of therapy, 4 patients had clinical 

benefit with stable disease through several cycles of treatment. Orteronel was well tolerated 

and there was no need for supplemental glucocorticoids. We do acknowledge limitations of 

our study in terms of a small sample size and a heavily pretreated population and hence a 

low probability of disease response.

Several key questions remain regarding the patient population that might benefit the most 

from lyase inhibition. Although a reasonable hypothesis could be that HR+ metastatic breast 

cancer expressing AR would benefit the most from agents suppressing androgens and 

estrogens, biomarker analysis from the abiraterone study failed to show any predictive value 

from AR expression in tissue and circulating tumor cells predicting benefit.[26] Preclinical 

studies have shown a high AR/ER ratio (≥ 2) is predictive of resistance to endocrine 

therapies alone and this may be a population, which could benefit from combined androgen 

and estrogen suppression with lyase inhibitors.[20] Another key therapeutic question is 

whether lyase inhibitors need to be combined with aromatase inhibitors in the treatment of 

HR+ breast cancer. This was the rationale behind both the abiraterone and enzalutamide 

studies. However, our study shows a similar suppression in estradiol levels (93%) with 

orteronel alone as compared to anastrozole (84.9%), letrozole (87.8%) and exemestane 

(92.2%) and thus potentially avoiding the need of combination therapy with aromatase 

inhibitors.[27, 28] In the place of aromatase inhibitors, an interesting combination could 

potentially be lyase inhibitors with progesterone inhibitors based on the rise in progesterone 

that which may act as a growth stimulus in HR+ breast cancer.[24, 29] These questions 

should be addressed in developing subsequent trials of lyase inhibitors for HR+ metastatic 

breast cancer patients.

In conclusion, orteronel represents a novel promising therapeutic strategy of lyase inhibition 

in postmenopausal HR+ metastatic breast cancer and having identified the RP2D in our 

study lays the foundation for larger confirmatory studies in this population.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Adrenal steroidogenesis pathway; targeted inhibition of 17, 20-lyase by orteronel. 

Abbreviations: ACTH: Adrenocorticotropic Hormone; DHEA: Dehydroepiandrosterone
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Figure 2. 
Study consort diagram with treatment schema.
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Figure 3. 
Spaghetti plot depicting hormone level changes by time point for each patient. (a) estradiol 

(b) estrone (c) testosterone (d) progesterone.
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Table 2

Treatment-related adverse events at least possibly related to orteronel.

Adverse Event Grade 1 n (%) Grade 2 n (%) Grade 3 n (%)

Fatigue 1 (12%)

Nausea 3 (37%) 1 (12%)

Chills 1 (12%)

Hot Flashes 2 (25%)

Skin changes 1 (12%)

Headache 1 (12%)

Hirsuitism 1 (12%)

Bone Pain 2 (25%) 1 (12%)

Myalgia 2 (25%)

Hypertension 2 (25%)

Hypokalemia 2 (25%)

Hyperglycemia 1 (12%)

Hypoglycemia 1 (12%)

Hypocalcaemia 1 (12%)

Hypophosphatemia 1 (12%)

QT prolongation 1 (12%)

AST elevation 2 (25%)

Lymphopenia 1 (12%)

Creatinine elevation 1 (12%)
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Table 3

Treatment history with dose levels, number of cycles of treatment and reason for treatment discontinuation.

No Dose Level Cycles (n) Best Response Off Treatment Reason

1 1a 1 PD Disease progression

2 1a 1 PD Disease progression

3 1a 2 PD Disease progression

4 1a 3 SD Disease progression

5 2a 2 PD Disease progression

6 2a 9 SD Disease progression

7 2a 12 SD Disease progression

8 Expansion 4 SD Disease progression
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