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Translational relevance statement 45 

Endocrine therapy is highly effective and the mainstay treatment for estrogen receptor positive 46 

(ER+) breast cancer; unfortunately, resistance inevitably occurs. Fulvestrant is the first-in-class 47 

selective estrogen receptor degrader (SERD), and is clinically effective in both endocrine naïve- and 48 

resistant- ER+ breast cancers. At present, fulvestrant is injected intramuscularly with an approved 49 

dose of 500 mg. Orally bioavailable SERDs may achieve greater exposure and anti-ER degrading 50 

activity than fulvestrant, which may translate into improved clinical outcomes. In this pre-surgical, 51 

window of opportunity study, the novel oral SERD AZD9496 reduced ER, progesterone receptor and 52 

Ki-67 expression, and is the first to show that an oral SERD is able to impact its key biological targets 53 

in this setting. While AZD9496 250 mg twice daily was not superior to fulvestrant 500 mg, 54 

pre-surgical studies represent an important assessment of the proof of mechanism of novel SERDs in 55 

early clinical development. 56 

Word count: 150/150 57 

Abstract 58 

Purpose: Fulvestrant, the first-in-class selective estrogen receptor (ER) degrader (SERD), is clinically 59 

effective in patients with ER+ breast cancer, but it has administration and pharmacokinetic (PK) 60 

limitations. Pharmacodynamic (PD) data suggests complete ER degradation is not achieved at 61 

fulvestrant’s clinically feasible dose. This pre-surgical study (NCT03236974) compared the PD effects 62 

of fulvestrant with AZD9496, a novel, orally bioavailable, non-steroidal, potent SERD, in 63 

treatment-naive patients with ER+ human epidermal growth factor receptor 2 negative primary 64 

breast cancer awaiting curative intent surgery.  65 

Methods: Patients were randomized 1:1 to receive AZD9496 250 mg twice daily from Day (D) 1 for 66 

5–14 days, or fulvestrant 500 mg on D 1. On-treatment imaging-guided core tumor biopsies were 67 

taken between D 5–14 and compared with pre-treatment diagnostic biopsies. The primary objective 68 

was to compare the effects of AZD9496 and fulvestrant on ER expression. Secondary objectives 69 

included changes in progesterone receptor (PR) and Ki-67 PK/PD relationships and safety. 70 

Results: Forty-six women received treatment (AZD9496 n=22; fulvestrant n=24); 35 paired biopsies 71 

were evaluable (AZD9496 n=15; fulvestrant n=20). The least square mean estimate for ER H-score 72 

reduction was 24% after AZD9496 versus 36% after fulvestrant treatment (p=0.86). AZD9496 also 73 

reduced PR H-scores (-33.3%) and Ki-67 levels (-39.9%) from baseline, but was also not superior to 74 

fulvestrant (PR: -68.7%, p=0.97; Ki-67: -75.4%, p=0.98). No new safety findings were identified.  75 

Conclusion: This was the first pre-surgical study to demonstrate that an oral SERD impacts its key 76 

biological targets. However, AZD9496 was not superior to fulvestrant at the dose tested.  77 

Word count: 250/250 78 
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Introduction 79 

Approximately 75% of breast cancers are estrogen receptor positive (ER+), 60% of which are also 80 

progesterone receptor (PR+).1,2 Endocrine therapy is highly effective and represents the mainstay 81 

treatment of ER+ breast cancers.3 Primary and secondary resistance occur in a high proportion of 82 

patients, which ultimately limits the use of these agents.4 Despite resistance to one or more 83 

endocrine therapies, tumors continue to depend on ER activity for growth.5,6 Therefore, ER remains 84 

an important target in the endocrine-resistant setting, emphasizing the need for more effective 85 

endocrine treatments. 86 

 87 

Fulvestrant is the first-in-class SERD and was the first ER targeting agent to be described as a pure 88 

anti-estrogen, referring to its lack of agonism in all ER+ tissues.7 Fulvestrant is clinically effective in 89 

patients with ER+ breast cancer, both naive and resistant to endocrine therapy;8-13 it has been shown 90 

to be effective in patients who have disease progression after receiving tamoxifen (a selective 91 

estrogen receptor modulator [SERM]) therapy in Phase 3 trials;8,9 other SERMs were cross-resistant 92 

to tamoxifen despite promising Phase 2 results.14,15 Fulvestrant is also effective after third-93 

generation aromatase inhibitors (AIs),10,12,16 and is more efficacious than these agents in the first-line 94 

setting in patients naive to endocrine treatment, both in terms of progression-free survival (PFS; 95 

FIRST17 and FALCON18 studies) and overall survival (OS; FIRST19). SERDs may also represent a more 96 

efficacious therapeutic option in the adjuvant setting as compared with tamoxifen and 97 

third-generation AIs; however, this remains to be proven in prospective randomized trials.  98 

Fulvestrant has low oral bioavailability and is administered via intramuscular (IM) injection. The 99 

clinically approved dose of fulvestrant is 500 mg administered monthly as two 250 mg 5 mL IM 100 

injections, with a loading dose on D 15 of the first cycle. Observations from fulvestrant studies 101 

suggest that its maximum clinical efficacy and biomarker impact may not have been achieved even 102 

at this dose. In a pre-surgical, window of opportunity study comparing three doses of fulvestrant (50 103 

mg, 125 mg, and 250 mg), tamoxifen 20 mg, and placebo, all doses of fulvestrant were associated 104 

with dose-dependent reductions in ER and Ki-67 expression compared with placebo. ER reduction 105 

was significantly greater than tamoxifen at the fulvestrant 250 mg dose, and numerically but not 106 

statistically greater with fulvestrant dosed at 250 mg compared with 125 mg (59% vs 50%).13 Higher 107 

doses of fulvestrant have been explored; fulvestrant 750 mg IM monthly was effective at reducing 108 

proliferation in pre-menopausal women with ER+ breast cancer,20 and fulvestrant 1,000 mg monthly 109 

(500 mg IM dosed on D 1, 8, and 15 of a 28-day cycle, and on D 1 and 15 thereafter) is currently 110 

being investigated in the plasmaMATCH trial (NCT03182634).  111 

In the neoadjuvant NEWEST trial, the degree of ER degradation in tumors was greater in early breast 112 

cancer patients receiving 4 weeks of fulvestrant 500 mg treatment (dosed on D 0, 14, and 28, and 113 

every 28 days thereafter) compared with 250 mg (dosed on D 0 and 28, and every 28 days 114 

thereafter; -50.3% vs -13.7%; p<0.0001).21 The dose-dependent pharmacodynamic (PD) effects of 115 

fulvestrant shown in this study were echoed in the larger clinical efficacy Phase 3 study (CONFIRM) 116 

in the advanced disease setting, where fulvestrant 500 mg (dosed on D 0, 14, and 28, and every 28 117 

days thereafter) was superior to fulvestrant 250 mg (dosed every 28 days) with respect to PFS and 118 

OS.16,22 In addition to ER, reductions in Ki-67 levels in the neoadjuvant setting have also shown to be 119 

predictive of long-term clinical efficacy of endocrine therapies in early breast cancer (IMPACT23 and 120 

ATAC24 trials, among others).  121 
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AZD9496 is an orally bioavailable, non-steroidal, selective and potent ERα degrader and ER 122 

antagonist25 that has shown anti-tumor activity in both endocrine-sensitive and -resistant models.26 123 

In an HCC1428 long-term estrogen-deprived breast model, which is independent of estrogen for 124 

growth and as such represents a model of AI resistance, AZD9496 caused tumor regression and 125 

significant ERα degradation.27  126 

 127 

In a Phase 1 dose-escalation, dose-expansion study of 45 patients (NCT02248090), AZD9496, dosed 128 

up to 600 mg twice daily (BID) in heavily pre-treated patients with ER+/human epidermal growth 129 

factor receptor 2 negative (HER2-) advanced breast cancer, was well tolerated. Six patients (three of 130 

whom had an ESR1 mutation) experienced prolonged disease stabilization (defined as progression-131 

free survival of more than 52 weeks), and one patient, who received AZD9496 250 mg BID, had a 132 

confirmed partial response. 133 

The current study was designed to assess and compare the effects of AZD9496 and fulvestrant after 134 

short-term administration on PD biomarkers ERα, PR, and Ki-67 in treatment-naive patients with ER+ 135 

HER2- primary breast cancer awaiting surgery of curative intent. The study also assessed the 136 

pharmacokinetics (PK) of AZD9496 and fulvestrant on the day of biopsy, associated PK/PD 137 

relationships, and the safety and tolerability of AZD9496 compared with fulvestrant.  138 

Patients and methods 139 

Study design and patients  140 

In this open-label, randomized, multicenter pre-surgical trial (NCT03236974), patients were 141 

randomized 1:1 to receive either AZD9496 250 mg (BID orally for 5–14 days commencing on D 1 and 142 

continuing up to and including the day of the on-treatment biopsy) or fulvestrant 500 mg 143 

(administered as two 5 mL IM injections on D 1). The residual core-cut biopsy sample taken as a 144 

standard hospital diagnostic procedure was used as the pre-treatment tumor tissue comparator for 145 

each patient if taken up to 6 weeks prior to starting study treatment (D 1). A new pre-treatment 146 

biopsy was taken if diagnostic biopsies were of insufficient quality or taken more than 6 weeks prior 147 

to starting study treatment. After 5–14 days of study treatment (and approximately 2 hours after the 148 

last AZD9496 dose), up to three core-cut, on-treatment, imaging-guided biopsy samples were taken, 149 

either at the time of definitive surgery or at a separate visit prior to surgery. The 5- to 14-day 150 

window for surgery was considered adequate to allow fulvestrant plasma concentrations after the 151 

single 500 mg dose to be within the Cmax and Cmin observed when fulvestrant 500 mg is at steady 152 

state when administered using the standard therapeutic regimen in patients with advanced breast 153 

cancer.28,29 Steady state exposure of AZD9496 is reached after 5 days of treatment.30 154 

 155 

The study included post-menopausal women with newly diagnosed, resectable primary invasive 156 

breast cancer, histologically confirmed as ER+ (in this context defined by ER staining of ≥10% of 157 

tumor cell nuclei), HER2- (defined as negative by in situ hybridization or an immunohistochemistry 158 

status of 0 or 1+), and with a palpable tumor of any size, or a tumor with an ultrasound-assessed 159 

diameter of at least 1 cm. Patients were excluded from the trial if they had evidence of metastatic 160 

disease; had received prior systemic or local treatment for the new primary breast cancer currently 161 

under investigation; were receiving medication or herbal supplements known to be strong 162 

inhibitors/inducers of CYP3A4/5, strong inhibitors of CYP2C8, or sensitive substrates of CYP2C8 163 
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inhibition; had received hormone replacement therapy anytime between 4 weeks before the 164 

pre-treatment biopsy and the start of study treatment; had inflammatory breast cancer; or had any 165 

evidence of severe or uncontrolled systemic diseases, including uncontrolled hypertension, 166 

uncontrolled diabetes, or active infection, including hepatitis B, hepatitis C, and human 167 

immunodeficiency virus, as judged by the investigator.  168 

Assessments  169 

Tumor samples were sectioned and scored manually for ER, PR, and Ki-67 protein biomarkers by 170 

central pathology review. The percentage of ER+ or PR+ tumor epithelial cell nuclei in each staining 171 

category (negative; weak +; moderate ++; strong +++) were recorded for each sample. Results were 172 

expressed as an H-score, where H-score = (1 × % of +) + (2 × % of ++) + (3 × % of +++), with a range of 173 

0–300. Ki-67 index was assessed and expressed as the percentage of positively stained tumor nuclei, 174 

following the International Ki-67 in the Breast Cancer Working Group recommendations.31 175 

 176 

Blood samples for determining AZD9496 plasma concentrations were taken at the time of 177 

on-treatment biopsy (approximately 2 hours after last AZD9496 dose) and 1–2 hours afterwards. An 178 

additional sample was taken 8–12 hours after the last dose, or at discharge from patients 179 

undergoing surgery on the day of biopsy. Patients who were undergoing surgery on a separate day 180 

to the biopsy had an optional sample taken 3–4 h after on-treatment biopsy. Only one blood sample 181 

for fulvestrant PK analysis was taken on the day of biopsy, any time before on-treatment biopsy. 182 

 183 

Safety was assessed in terms of adverse events (AEs; graded according to Common Terminology 184 

Criteria for Adverse Events [CTCAE] 4.0), laboratory data, vital signs, and electrocardiogram changes. 185 

AEs were monitored from screening through to the follow-up visit 28 ± 3 days after the last AZD9496 186 

study dose or after fulvestrant administration.  187 

This study was carried out in accordance with the principles of the International Conference on 188 

Harmonisation Guideline for Good Clinical Practice, the Declaration of Helsinki, and all applicable 189 

national and local laws. All patients gave their written consent to participate before enrolling in the 190 

study. The protocol was approved by the respective regulatory authorities and the research ethics 191 

committee of each participating site, and was subject to Ethics Committee and Institutional Review 192 

Board approvals. 193 

Statistical methods 194 

The primary endpoint was the treatment effect on ER expression in tumor biopsy samples obtained 195 

before and during treatment. Secondary endpoints were the treatment effects on PR and Ki-67 196 

expression in tumor biopsy samples obtained before and during treatment, plasma concentrations 197 

of AZD9496 or fulvestrant during treatment, and safety and tolerability. An analysis of covariance 198 

(ANCOVA) model, adjusted for baseline expression and day of on-treatment biopsy, was used to 199 

estimate the treatment effects on ER, PR, and Ki-67 expression. As this study was designed to assess 200 

the superiority of AZD9496 over fulvestrant, one-sided testing was performed; a p-value <0.1 was 201 

needed to declare AZD9496 superior to fulvestrant. The least square (LS) mean, along with 80% 202 

confidence intervals (CIs) for each treatment group was expressed as estimated percentage change 203 

from baseline. One sided p-values were presented. PR and Ki-67 were log transformed before being 204 

analyzed, and then back-transformed to the original scale. Analysis for all PK/PD and PD/PD 205 

relationships in individual patients was limited to exploratory correlation plots using linear 206 
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regression. In addition, for PD/PD relationships, R and p-values were calculated by Spearman’s rank 207 

correlation. The treatment effect (difference in LS means, or geometric mean ratios [GMRs] for log 208 

transformed data) was calculated, together with CIs. The sample size was determined based on the 209 

fulvestrant data reported previously;32 sample size calculations indicated that 20 evaluable patients 210 

per treatment group would detect an absolute mean percent change difference in ER expression of 211 

20% with a power of 80%, and a one-sided significance level of 10%. Assuming a drop-out rate of 212 

approximately 15%, the recruitment target was set at 24 patients per treatment group. Plasma 213 

concentrations of AZD9496 and fulvestrant were compared with PK models that were developed 214 

using historical data obtained from patients with metastatic ER+ breast cancer.  215 

The safety analysis set was defined as all patients who received at least one dose of treatment. The 216 

PD analysis set included all evaluable patients, defined as those who received at least 80% of the 217 

AZD9496 predicted dose; received the last dose of AZD9496 on the day of on-treatment biopsy; had 218 

on-treatment biopsy within 5–14 days of AZD9496 therapy or fulvestrant administration; had 219 

evaluable paired tumor samples by central pathology assessment, and had no major protocol 220 

deviations that could have impacted biomarker analysis. The PK analysis set was defined as all 221 

patients who received at least one dose of study treatment, and had at least one measured AZD9496 222 

or fulvestrant concentration at a scheduled PK timepoint post dose. 223 

Results 224 

The study commenced on October 5, 2017; the last patient’s last visit was on February 12, 2019, and 225 

final data cut off was April 1, 2019. Patients were recruited from 12 sites in Germany and the UK; 49 226 

were enrolled and randomized. Three patients were excluded from the study before receiving study 227 

treatment: one withdrew consent, and two were ruled ineligible. Of the 46 patients who completed 228 

the trial, 22 received AZD9496 and 24 received fulvestrant (Figure 1). Paired biopsy samples from 35 229 

patients were evaluable for biomarker analysis (AZD9496 n=15; fulvestrant n=20) and were included 230 

in the PD analysis set. Eleven paired biopsy samples were not evaluable: nine on-treatment tumor 231 

biopsies were surgical resections, one patient did not receive the last dose of AZD9496 on the day of 232 

on-treatment biopsy, and one patient did not have the on-treatment biopsy. Patients’ characteristics 233 

were well balanced between the two groups and as expected per the inclusion exclusion criteria 234 

(Table 1).   235 
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 236 

Figure 1. Trial profile.  237 
*AZD9496 follow-up visit: 28±3 days after last dose; fulvestrant follow-up visit: 28±3 days after treatment. 238 
BID: twice daily; IM: intramuscular; PD: pharmacodynamic.   239 
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Table 1. Baseline characteristics of study population. 240 

  AZD9496  

(n=22) 

Fulvestrant 

 (n=24) 

Total 

 (N=46) 

Median age, years (range) 61.5 (52–83) 66.5 (52–87) 63.5 (52–87) 

ECOG PS, n (%) 

0 21 (95) 18 (75) 39 (85) 

1 1 (5) 6 (25) 7 (15) 

Primary tumor, n (%) 

T1 10 (45) 9 (38) 19 (41) 

T2 11 (50) 11 (46) 22 (48) 

T3 1 (5) 4 (17) 5 (11) 

Regional lymph nodes, n (%) 

N0 20 (91) 21 (88) 41 (89) 

N1 0 3 (13) 3 (7) 

Missing 2 (9) 0 2 (4) 

Tumor grade, n (%) 

G1 3 (14) 5 (21) 8 (17) 

G2 13 (59) 17 (71) 30 (65) 

G3 5 (23) 2 (8) 7 (15) 

GX 1 (5) 0 1 (2) 

PR, n (%) 

Positive  16 (73) 19 (79) 35 (76) 

Negative  6 (27) 4 (17) 10 (22) 

Missing  0 1 (4) 1 (2) 

HER2, n (%) 

IHC-borderline and FISH-negative 2 (9) 2 (8) 4 (9) 

IHC-borderline and CISH-negative 0 1 (4) 1 (2) 

Negative* 20 21 41 

ER positive, n (%) 22 (100) 24 (100) 46 (100) 

*Both IHC and FISH/CISH negative. 241 

CISH: chromogenic in situ hybridization; ECOG PS: Eastern Cooperative Oncology Group performance status; 242 

FISH: fluorescence in situ hybridization IHC: immunohistochemistry; PR: progesterone receptor.  243 

Pharmacodynamic analysis 244 

The median biopsy day was similar between the two treatment groups (D 8 in the AZD9496 group 245 

and D 8.5 in the fulvestrant group), and in the AZD9496 group most biopsies (67%) took place 2–4 246 

hours (range: 1–6) after the patient’s last dose of AZD9496. The LS mean reduction in ER H-scores 247 

after adjusting for baseline and day of biopsy was 24.3% (80% CI: 14.3, 34.4) in the AZD9496 group, 248 

and 36.3% (80% CI: 27.7, 44.9) in the fulvestrant group. One-sided testing for AZD9496 superiority 249 

over fulvestrant was not significant (12%, p=0.86; Figure 2a). 250 
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Figure 2 251 

 252 

Figure 2. LS mean percentage change in PD markers from baseline to on-treatment biopsy. 253 

LS mean percentage change from baseline in a) ER H-score, b) PR H-score, and c) Ki-67 index levels. One-sided 254 

ANCOVA was used to assess treatment effects. PR H-score and Ki-67 index data were log transformed prior to 255 

analysis, with results back-transformed to represent percentage change. Error bars represent 80% CIs.  256 

ANCOVA: analysis of covariance; CI: confidence interval; ER: estrogen receptor; LS; least square; 257 

PD: pharmacodynamic; PR: progesterone receptor.  258 

PR H-scores were reduced from baseline in both the AZD9496 group (LS mean reduction: 33.3% 259 

[80% CI: 2.2, 54.5]) and the fulvestrant group (LS mean reduction: 68.7% [80% CI: 56.4, 77.5]). The 260 

treatment effect between fulvestrant and AZD9496 was not significant, with a GMR of fulvestrant to 261 

AZD9496 of 2.13 (p=0.97 [one-sided testing AZD9496 superior to fulvestrant]; Figure 2b). Ki-67 levels 262 

were reduced from baseline by a mean of 39.9% (80% CI: 10.8, 59.5) in the AZD9496 group, and 263 

75.4% (80% CI: 65.1, 82.7) in the fulvestrant group. Using one-sided testing, AZD9496 was 264 

determined to be not superior to fulvestrant, with a GMR of fulvestrant to AZD9496 of 2.4 (p=0.98; 265 

Figure 2c).  266 

In the AZD9496 group, all correlations between individual percent changes in ER, PR, and Ki-67 were 267 

not statistically significant (ER and Ki-67 [R=0.31, p=0.26]; PR and Ki-67 [R=0.059, p=0.83]), with the 268 

exception of the correlation between individual ER and PR percent changes (R=0.59, p=0.022). 269 

However, because of the number of tests conducted, this correlation may likely due to chance 270 

(Supplementary Figures 1a and 2). For patients in the fulvestrant group, the correlation was not 271 

statistically significant between ER and PR (R=0.37, p=0.11), ER and Ki-67 (R=0.21, p=0.38), and PR 272 

and Ki-67 (R=0.16, p=0.51; Supplementary Figure 1b). However, ER reduction was accompanied by 273 

concurrent reductions in PR and Ki-67 in most of the patients in both the AZD9496 and fulvestrant 274 

groups (Supplementary Figure 2). 275 

Pharmacokinetic analysis 276 

In the 44 patients included in the PK analysis set, plasma exposure of AZD9496 was lower than 277 
predicted based on modeled PK data from the Phase 1 trial in patients with advanced breast 278 
cancer.30 Compared with the steady-state plasma concentration observed in the Phase 1 AZD9496 279 
250 mg BID treatment group, the area under the concentration–time curve (AUC) for the current 280 
study was 31% lower, and the Cmax was 25% lower (Supplementary Figure 3). Fulvestrant plasma 281 
exposure was consistent with historical data (AstraZeneca data on file).32 No clear PK/PD relationship 282 
between plasma concentration at biopsy and change in PD markers relative to baseline was 283 
observed for AZD9496 (Supplementary Figure 4a,b,c) or fulvestrant (Supplementary Figure 4d).  284 
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Safety and tolerability 285 

The safety analysis set included 46 patients. The median treatment duration of AZD9496 was 286 

9.5 days (range: 6–15). Despite one patient missing their last dose of AZD9496 on the day of 287 

on-treatment biopsy, compliance to study treatment was high, with a relative dose intensity of 100% 288 

(range: 90–125; upper end of range due to one patient not returning leftover study treatment). One 289 

dose interruption was reported, where a patient forgot to take a second dose of AZD9496 on D 6. 290 

She resumed normal dosing on D 7 and was deemed eligible to continue the study. AZD9496 and 291 

fulvestrant were both well tolerated, and no new safety findings were identified. Twenty-five 292 

(54.3%) patients experienced at least one AE, irrespective of causality: 11 (50.0%) in the AZD9496 293 

group and 14 (58.3%) in the fulvestrant group. Most AEs were CTCAE Grade 1 (21/25, 90.9%); no 294 

Grade 3 or higher toxicities were reported. Nausea was the most common AE observed in the 295 

AZD9496 group (n=4, 18.2%), while hot flush was the most common AE observed in the fulvestrant 296 

group (n=3, 12.5%; Table 2). Thirteen (28.3%) patients experienced AEs that were considered by the 297 

investigator to be related to the study drug: 6 (27.3%) in the AZD9496 group and 7 (29.2%) in the 298 

fulvestrant group. No drug discontinuations occurred, and no serious AEs were reported during the 299 

treatment and follow-up periods. 300 

Table 2. Most common adverse events (>5% of patients), irrespective of causality, occurring during 301 

the study.  302 

AE, by preferred term 

Number of patients (%)* 

AZD9496 250 mg BID  

(n=22) 

Fulvestrant 500 mg 

single dose (n=24) 

Total (N=46) 

Any AE 11 (50.0) 14 (58.3) 25 (54.3) 

Nausea 4 (18.2) 2 (8.3) 6 (13.0) 

Fatigue 2 (9.1) 2 (8.3) 4 (8.7)  

Hot flush 1 (4.5) 3 (12.5) 4 (8.7) 

Back pain 1 (4.5) 2 (8.3) 3 (6.5) 

Pain in extremity  2 (9.1) 1 (4.2) 3 (6.5) 

*Safety analysis set. 303 
AE: adverse event; BID: twice daily. 304 

Discussion  305 

This was the first pre-surgical window of opportunity study to demonstrate that an oral SERD can 306 

impact its key biological targets, and the first randomized study to compare two SERDs (AZD9496 307 

and fulvestrant). The treatment groups were well balanced in age, disease stage, and other tumor 308 

characteristics.  309 

AZD9496 250 mg BID reduced ER expression in primary untreated breast tumors. However, the 310 

magnitude of ER reduction was not statistically superior from the effect of the clinically approved 311 

dose of fulvestrant. AZD9496 reduced PR and Ki-67 expression compared with baseline, but was not 312 

superior to fulvestrant. Preclinically, AZD9496 produced statistically significant ER degradation in the 313 

HCC1428 long-term estrogen-deprived breast model and the patient-derived xenograft CTC174.27 In 314 

the MCF-7 xenograft model, AZD9496 demonstrated greater tumor growth inhibition than 315 
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fulvestrant.27 In other endocrine-sensitive and -resistant breast cancer models, the effects of 316 

AZD9496 and fulvestrant were comparable.26  317 

AZD9496 plasma exposure was lower than expected based on data from the previous Phase 1 study. 318 

This could have contributed to the lower than anticipated ER degradation.30 Reasons for the lower 319 

exposure are unclear; however, interstudy variability, the sparse PK sampling schedule and the use 320 

of population PK analysis required to make comparisons in this study may have contributed to the 321 

variability of results. Similarly, differences in concomitant medications used by the newly diagnosed, 322 

treatment-naive breast cancer patients in this study and the advanced, heavily treated patients in 323 

the Phase 1 study may also have impacted the results. Additionally, it has been reported that 324 

patients with advanced cancer may have altered drug PK. This is due to the inflammatory state 325 

induced by their disease and changes in cytochrome P450 expression in the liver, most notably 326 

CYP3A, leading to reduced metabolic clearance of certain drugs.33-35 As AZD9496 is a substrate and 327 

inducer of CYP3A clinically30, in contrast to fulvestrant, this may have contributed to the interstudy 328 

variability in exposure seen with AZD9496 but not with fulvestrant.  329 

AZD9496 250 mg BID was the selected dose for the present study, based on evidence of tolerability 330 

and biological activity at this dose in the previous Phase 1 study. In that study, dose-limiting 331 

toxicities (DLTs) were observed in three patients: one patient (150 mg BID) experienced abnormal 332 

hepatic functions, another (400 mg BID) developed Grade 3 diarrhea and elevated liver function 333 

tests, and another (600 mg BID) developed Grade 3 diarrhea; the maximum tolerated dose (MTD) 334 

was not reached and therefore, 600 mg BID was the maximum dose explored and declared the 335 

maximum feasible dose (MFD).30 The use of a higher dose of AZD9496 in the present study may have 336 

resulted in greater PD activity but this remains to be demonstrated.  337 

Fulvestrant performed as expected, based on historical data, in terms of PD biomarker modulation 338 

(ER, PR, and Ki-67),21,32 achieving a mean 36% reduction in ER H-score. In previous studies, 339 

fulvestrant reduced ER H-score from baseline by 41%.32 340 

Fulvestrant reduced PR levels by 69% and Ki-67 levels by 75% from baseline. These reductions are in 341 

line with two previous studies, where fulvestrant 500 mg reduced PR H-score by 34% and 81%, and 342 

Ki-67 levels by 75% and 79%.21,32 343 

AZD9496 and fulvestrant were well tolerated and no new safety signals were identified. No Grade 3 344 

or higher toxicities, or serious AEs developed, and no patient discontinued study treatment. Hot 345 

flush was the most commonly reported AE in patients in the fulvestrant group, consistent with the 346 

safety profiles of fulvestrant 500 mg in previous studies.16,32 Nausea was the most common AE in the 347 

AZD9496 group, and judged as causally related in all four patients. Dose limiting toxicities in the 348 

Phase 1 study included Grade 3 liver toxicities and diarrhea. However, in the current trial, no liver 349 

toxicities were reported and only one patient experienced an AZD9496 causally related Grade 1 350 

diarrhoea.30  351 

The median day of biopsy was similar for both groups. Based on Phase I data, the PK steady state of 352 

AZD9496 was expected to be 5 days.30 Within 5–14 days of exposure, fulvestrant concentration is 353 

anticipated to be within the Cmax and Cmin observed at steady state in patients with advanced breast 354 

cancer receiving fulvestrant 500 mg as a standard therapeutic regimen.28,29 In the context of the 355 

present study, a 5- to 14-day window was considered sufficient to observe the biomarker changes 356 
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associated with fulvestrant, and appropriate to provide a comparison to assess the PD activity of 357 

AZD9496. 358 

The rate of non-evaluable patient samples was higher than predicted because biopsy samples were 359 

taken from surgical resections instead of core needle biopsies in some patients. Surgical samples 360 

were not included in the analysis of this study, as the POETIC trial (NCT02338310) showed evidence 361 

that surgery per se can affect Ki-67 expression in tumor tissue.36  362 

One limitation of this study is the lack of a placebo group to compare the consistency in ER, PR, and 363 

Ki-67 expression. In addition, examining a range of AZD9496 doses would have been useful to 364 

determine any dose–response relationship more robustly.  365 

In conclusion, this is the first window of opportunity study where an oral SERD has shown relevant 366 

biomarker modulations in patients with ER+ breast cancer. However, AZD9496 was not superior to 367 

fulvestrant at the dose tested. Window of opportunity studies represent an important means to test 368 

the proof of mechanism and degree of PD activity of novel SERDs early in clinical development. They 369 

can also inform dosing decisions for future Phase 2 and 3 trials, thus reducing the reliance on 370 

pre-clinical PK modeling.  371 
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