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ESR1 mutation (ESR1m) is a frequent cause of acquired resistance to aromatase inhibitor (AI) plus cyclin-
dependent kinase 4 and 6 inhibitors (CDK4/6i), which is a first-line therapy for hormone-receptor-
positive (HR+)/human epidermal growth factor receptor 2-negative (HER2-) advanced breast cancer
(ABC). Camizestrant is a next-generation oral selective estrogen receptor degrader (SERD) that in a
phase II study significantly improved progression-free survival (PFS) over fulvestrant (also a SERD) in
ER+/HER2- ABC. SERENA-6 (NCT04964934) is a randomized, double-blind, phase III study evaluating the
efficacy and safety of switching from an AI to camizestrant, while maintaining the same CDK4/6i, upon
detection of ESR1m in circulating tumor DNA before clinical disease progression on first-line therapy for
HR+/HER2- ABC. The aim is to treat ESR1m clones and extend the duration of control of ER-driven tumor
growth, delaying the need for chemotherapy. The primary end point is PFS; secondary end points include
chemotherapy-free survival, time to second progression event (PFS2), overall survival, patient-reported
outcomes and safety.

Plain language summary: Why will we perform this study? Patients with advanced breast cancer in which
the cancer cells have the receptor for the hormone estrogen and/or progesterone are typically treated
with an aromatase inhibitor, a hormone therapy that decreases estrogen being made in the body, together
with an inhibitor of cyclin-dependent kinases 4 and 6 (CDK4/6), a drug that blocks the growth of cancer
cells. Although cancers usually respond to treatment initially, the cancer cells eventually change, so the
drug combination no longer works. For example, mutation of the estrogen receptor (referred to as ESR1m)
can stop aromatase inhibitors from working. Camizestrant is an investigational drug that blocks estrogen
receptors, including mutated receptors, reducing the growth and spread of cancer. Here we describe the
SERENA-6 clinical trial, which is testing camizestrant as a treatment for patients with breast cancer with
ESR1m. How will we perform this research? The phase III SERENA-6 trial will use blood tests to monitor if
patients with breast cancer develop ESR1m while being treated with an aromatase inhibitor and a CDK4/6
inhibitor. If ESR1m is detected, yet the disease is stable, participants will be randomly assigned to either
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continue with the same aromatase inhibitor or switch to camizestrant while continuing with the same
CDK4/6 inhibitor. The study will assess whether switching to camizestrant prolongs the time before the
cancer grows, spreads or worsens. It will also assess the length of time that participants live for versus
those who continue with an aromatase inhibitor.

Clinical Trial Registration: NCT04964934 (ClinicalTrials.gov)

Tweetable abstract: SERENA-6 (NCT04964934) is an ongoing randomized, double-blind, phase III trial
of camizestrant + CDK4/6i in ESR1-mutant HR+/HER2-negative advanced breast cancer during first-line
treatment.

First draft submitted: 1 December 2022; Accepted for publication: 15 February 2023; Published online:
18 April 2023

Keywords: advanced breast cancer • camizestrant • circulating tumor DNA • endocrine therapy resistance • ESR1
mutation • hormone-receptor-positive breast cancer • selective estrogen receptor degrader

Hormone receptor-positive (HR+), human epidermal growth factor receptor 2-negative (HER2-) tumors account
for more than two-thirds of all breast cancers [1]. Endocrine therapies that suppress estrogen receptor (ER) alpha
signaling are the treatment backbone for HR+/HER2- advanced breast cancer (ABC) [2]. Aromatase inhibitors
(AIs; letrozole, anastrozole and exemestane) inhibit estrogen synthesis in postmenopausal women and reduce ER
signaling via lowering estrogen levels [3]. Selective estrogen receptor degraders (SERDs) directly bind to ER, block
ER signaling, and target ER for degradation. Most SERDs also act as complete antagonists, while selective ER
modulators (SERMs, e.g., tamoxifen) may antagonize or have partial agonism for ER, depending on the tissue
context [3].

First-line standard-of-care (SOC) for HR+/HER2- ABC (comprising locally advanced non-resectable or
metastatic breast cancer [mBC]) typically includes endocrine therapy combined with an inhibitor of cyclin-
dependent kinases 4 and 6 (CDK4/6i) [2,4,5]. Compared with endocrine monotherapy, the combination of an
endocrine agent with a CDK4/6i extends time on first-line therapy and overall survival (OS) [6]. For example, a
meta-analysis of more than 2000 patients with HR+/HER2- ABC showed the median progression-free survival
(PFS) with an AI plus CDK4/6i to be 28.0 months versus 14.9 months for an AI with placebo [7]. The vast
majority of patients with HR+/HER2- ABC receive first-line treatment with CDK4/6i plus AI, and this regimen
is recommended by most clinical guidelines [4,8–11]. Three different CDK4/6i are in widespread use (abemaciclib,
palbociclib and ribociclib); due to differences in toxicity profiles, patients who do not tolerate one CDK4/6i may
experience less toxicity with another [2,6].

Despite the proven efficacy of endocrine therapy plus CDK4/6i for ABC, resistance invariably develops [6]. The
optimal subsequent treatments following progression on first-line endocrine therapy plus CDK4/6i remains to be
established. However, once HR+/HER2- ABC has progressed, response to subsequent lines of endocrine-based
therapy can be diminished. For example, in the EMERALD study, a median PFS of 1.9 months was observed in
patients receiving SOC endocrine therapy (an AI or the currently licensed SERD, fulvestrant) (n = 238) with prior
CDK4/6i exposure and progressed on one or two previous lines of endocrine therapy (59 and 41% of participants,
respectively) [12]. The VERONICA study showed a similar median PFS of 1.9 months with fulvestrant therapy in
patients (n = 51) who experienced disease recurrence or progression during or after CDK4/6i therapy for at least
8 weeks [13]. Consequently, there is a significant unmet need to identify therapeutic approaches that extend the
duration of first-line endocrine-based therapy, to enable patients with HR+/HER2- ABC to derive clinical benefit
from the treatment as well as maintain their health-related quality of life. Delaying initiating chemotherapy would
also be favorable.

ESR1 mutation in acquired resistance to AI therapy
Endocrine therapy resistance is frequently associated with the emergence of alterations in the genes involved in ER
signaling, growth factor receptor signaling (such as the PI3K/AKT/PTEN signaling pathway), cell cycle regulation,
and apoptosis. ESR1 encodes ER alpha, and resistance to AI therapy is frequently associated with activating muta-
tions in the region of ESR1 that encodes the ER ligand-binding domain (referred to as ESR1 mutations [ESR1m]),
which cause constitutive (estrogen-independent) activation of ER (Figure 1) [14,15].
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Figure 1. Aromatase inhibitors and the next-generation selective estrogen receptor degrader camizestrant suppress estrogen receptor
alpha signaling by distinct mechanisms that are differentially affected by activating mutations in the ligand-binding domain of estrogen
receptor alpha (ESR1m). (A) wt-ER and m-ER signaling. (B) AIs suppress wt-ER signaling via the downregulation of estradiol synthesis, but
do not affect estrogen-independent signaling by m-ER. (C) Camizestrant (ngSERD) binds to wt-ER and m-ER and targets both for
proteosome-mediated degradation. ngSERD binding also prevents estradiol binding and the formation of the functional wt-ER or
m-ER-containing transcription factor complex, thereby preventing ER-driven transcriptional changes.
AI: Aromatase inhibitor; CoA: Coregulator; ER: Estrogen receptor; ERE: Estrogen response element; ESR1m: Estrogen receptor 1 gene with
an activating mutation in the region that encodes the ligand-binding domain; m-ER: The mutated form of the estrogen receptor alpha
protein, the product of ESR1m; ng: Next generation; SERD: Selective estrogen receptor degrader.
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Table 1. Frequency of ESR1m after AI (mono or combination therapy).
Trial Tumor characteristics Timing of test Test (sample) ESR1m

frequency
N, ESR1m/total Ref.

MONARCH 3 Endocrine-therapy-naive HR+/HER2- ABC
treated with 1L AI monotherapy (control
arm)

End of 1L AI
treatment

NGS (plasma) 31% NR [20]

EMERALD One or two previous lines of endocrine
therapy, at least one in combination with
CDK4/6i

Start of 2L or 3L
treatment

NGS (plasma) 48% 228/477 [12]

GuardantINFORM
database

At least one previous AI therapy Post-AI therapy NGS (plasma) 31% 2044/6541 [21]

SoFEA/EFECT HR+ mBC that had progressed on previous
AI monotherapy

Start of 2L
treatment

ddPCR (plasma) 30% 151/383 [18]

BOLERO-2 HR+ ABC that had progressed on previous
AI monotherapy

Start of 2L or 3L
treatment

ddPCR (plasma) 29% 156/541 [19]

PEARL AI-resistant HR+/HER2- mBC Start of 2L or 3L
treatment

ddPCR (plasma) 29% 164/557 [22]

PALOMA-3† HR+/HER2- mBC that had relapsed or
progressed on previous AI or tamoxifen
monotherapy

Start of 2L or 3L
treatment

ddPCR (plasma) 26% 114/445 [23]

Studies examined 100 or more patients with HR+/HER2- ABC; some studies only reported the rate of D538G and/or Y537S mutation.
†∼14% of patients had received previous tamoxifen and no previous AI.
1L: First-line; 2L: Second-line; 3L: Third-line; ABC: Advanced breast cancer; AI: Aromatase inhibitor; CDK4/6i: Inhibitor of cyclin-dependent kinases 4 and 6; ddPCR: Digital
droplet PCR; ESR1m: Estrogen receptor 1 gene mutation; HER2-: Human epidermal group factor receptor 2-negative; HR+: Hormone receptor-positive; mBC: Metastatic breast
cancer; NGS: Next-generation sequencing; NR: Not reported.

ESR1m are rare in endocrine-therapy-naive ER+/HER2- ABC, and the frequency is even lower if an AI has not
been administered in the adjuvant setting (estimates are 3–6% [16,17]). In contrast, studies that enrolled patients
after first-line AI therapy found that approximately 30% of patients have ESR1m-positive ABC (Table 1) [12,18–23].
The frequency at which ESR1m is detected is also influenced by the length of time for which patients received
an AI, as shown by the PADA-1 study. This study serially screened circulating tumor DNA (ctDNA) from 1017
patients receiving an AI with palbociclib as first-line treatment for mBC and showed that 279 patients developed
detectable ESR1m during the first step of the study (ESR1m detection phase). These 279 patients accounted for
27% of the whole patient population, including patients still on treatment and with no tumor progression at the
time of the analysis; 172 (17%) patients were randomly assigned to treatment [24]. In the PADA-1 study, ESR1m was
less common during the first 6 months of standard first-line therapy than after 6 months of treatment (p < 0.001)
suggesting that ESR1m is rarely involved in primary resistance but may represent the most prevalent mechanism
of acquired resistance [25]. PADA-1 also showed a median time of 14.2 months (range 2.8–47.1 months) from
starting first-line AI plus CDK4/6i therapy (n = 1017) to the detection of ESR1m in ctDNA [26]. Serial screening
of ctDNA from plasma has suggested that ESR1m is detectable approximately 3–6 months before HR+ ABC
progresses according to clinical and/or radiological criteria [27,28].

In women with ABC, detection of ESR1m ctDNA is associated with substantially shorter PFS on subsequent
AI-based therapy compared with women without detectable ESR1m [17]. Analysis of patients in the phase III SoFEA
and EFECT trials of exemestane versus fulvestrant (for patients with HR+ ABC that had progressed on first-line
AI) showed a median PFS of 2.4 months (n = 42) versus 4.8 months (n = 121) with exemestane for disease that was
ESR1m-positive versus ESR1m-negative, respectively [18]. Furthermore, the 1-year OS rate was 62% for participants
with ESR1m-positive disease, compared with 79% for those with ESR1m-negative disease. In the control arm of
BOLERO-2, which recruited patients with HR+ ABC that had progressed on AI previously, exemestane therapy
showed a median PFS of 2.8 months for ESR1m-positive disease (n = 61) versus 3.9 months for ESR1m-negative
disease (n = 128) [19]. Additionally, in the overall population of BOLERO-2, the median OS was 32.1 months
for participants without detectable ESR1m (n = 385) compared with 20.7 months for those with ESR1m-positive
disease (n = 156) [19]. In the phase II BYLieve trial in PIK3CA mutation-positive HR+/HER2- ABC, a cohort of
participants who received letrozole plus the PI3K inhibitor alpelisib showed a median PFS of 4.6 months versus
7.0 months for ESR1m-positive (n = 25) versus ESR1m-negative disease (n = 72) (hazard ratio [HR] 0.55, 95% CI
0.32–0.92, nominal p = 0.02) [29].
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In addition to causing AI resistance, preclinical analysis of gene transcription profiles shows that ESR1m
upregulates genes that promote metastasis [30], with ESR1m acquisition possibly associated with more aggressive
features such as the development of visceral metastasis [31,32]. There is evidence that tumors that acquire ESR1m
also gain additional genetic complexity that further suppresses the response to additional lines of therapy [33].
Indeed, genetic complexity was associated with lower benefit from fulvestrant in the plasmaMATCH study [34]. In
exploratory analyses of ctDNA from the phase III PALOMA-3 trial, which investigated palbociclib plus fulvestrant
versus fulvestrant in patients with HR+/HER2- ABC that had progressed on prior endocrine therapy, detection
of ESR1m was prognostic for shorter OS regardless of treatment (HR: 1.58, 95% CI: 1.22–2.06) [35].

Considering the available evidence, ESR1m is a promising clinical resistance biomarker in HR+ mBC [33]. The
European Society for Medical Oncology (ESMO) Precision Medicine Working Group noted that ESR1m might
be more actionable when detected sooner by ctDNA rather than later at radiological progression [36].

SERDs, novel SERDs and ESR1m
SERDs have a distinct mechanism of action compared with AIs because they directly bind to the ligand-binding
domain of ER alpha to antagonize estrogen binding and induce proteosome-mediated degradation of ER alpha
(Figure 1). Fulvestrant was the first licensed SERD and is delivered by intramuscular injection [3,37]. Clinical
data suggest that fulvestrant remains active, albeit modestly effective, for HR+/HER2- ABC carrying certain
(but not all) ESR1m variants. A combined analysis of the SoFEA and EFECT trials showed a median PFS of
3.9 versus 4.1 months and a 1-year OS rate of 80% versus 81% for fulvestrant treatment of HR+ ABC with
detectable ESR1m (n = 73) and without detectable ESR1m (n = 147), respectively [18]. In SOLAR-1, the median
PFS of patients receiving fulvestrant plus the PI3K inhibitor alpelisib with versus without detectable ESR1m was
12.0 months (n = 13) versus 11.0 months (n = 107), respectively [38]. Similarly, in PALOMA 3, the median PFS
reported in patients receiving fulvestrant plus palbociclib with versus without detectable ESR1m was 11.3 months
(n = 69) versus 11.1 months (n = 154), respectively [35]. However, these data were generated in patients who were
not previously treated with CDK4/6i. Recent data suggest that prior CDK4/6i exposure is a prognostic factor
for fulvestrant efficacy in patients with ESR1m-positive disease. Post-CDK4/6i treatment, the median PFS with
fulvestrant was in the range of 2–3 months [12]. These results support early initiation of a SERD in patients with
ESR1m-positive disease before disease progression post-CDK4/6i treatment [12].

The PADA-1 trial serially tested ctDNA for ESR1m and then examined the clinical benefit of switching patients
from an AI plus palbociclib to fulvestrant plus palbociclib when ESR1m was detected in ctDNA but before clinical
disease progression while receiving CDK4/6i plus AI [24,39]. Data from PADA-1 showed longer PFS (from the point
of switching) for patients with ESR1m-positive tumors who switched to fulvestrant than for those who continued
with an AI (median 11.9 versus 5.7 months; HR: 0.61, 95% CI: 0.43–0.86; p = 0.004; n = 172) [24].

Fulvestrant was approved as a breast cancer therapy in 2002 and was the first-in-class SERD. Although fulvestrant
has proven efficacy and well-characterized safety, it has suboptimal pharmacokinetic properties, including low
aqueous solubility that requires regular, potentially painful, monthly intramuscular delivery [3,37]. In addition,
there is evidence from preclinical models that the efficacy of fulvestrant is reduced by certain types of ESR1m,
especially Y537S [40]. These limitations stimulated the development of SERDs with improved bioavailability, target
engagement, and ESR1m coverage. The first oral agents did not show better efficacy than fulvestrant in preclinical
models and/or early-phase clinical trials [41]. Continued research led to the development of several SERDs,
which have shown superior efficacy to fulvestrant in preclinical models, including patient-derived xenografts with
the Y537S ESR1m [40]. In the clinical trial setting, several oral SERDs are in late-stage development including
camizestrant (AZD9833), giredestrant (GDC-9545), and imlunestrant (LY3484356), and the SERM/SERD
elacestrant (RAD1901) [3,37,41,42]. Amcenestrant (SAR439859), another oral SERD, was until recently in late-
stage development, but global clinical development was stopped following negative clinical trial results [43].

Elacestrant is the first oral SERM/SERD with results from a phase III trial (EMERALD); elacestrant (n = 239)
versus SOC endocrine therapy (n = 238) in patients with HR+/HER2- ABC whose disease had progressed on
prior endocrine therapy plus CDK4/6i [12]. The trial showed that elacestrant significantly improved PFS (blinded
independent central review; HR: 0.70; 95% CI: 0.55–0.88; p = 0.002; elacestrant versus SOC: median PFS
2.8 months versus 1.9 months, respectively) [12]. Notably, the PFS benefit of elacestrant was greatest in patients
with detectable ESR1m ctDNA (48% of the overall population; HR: 0.55, 95% CI: 0.39–0.77; p = 0.0005;
elacestrant versus SOC: median PFS 3.8 months versus 1.9 months, respectively) [12]. Only 149 OS events (of
which only 68 events were in patients with ESR1m) had occurred at the primary analysis of EMERALD, but the
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immature data suggested that elacestrant may provide OS benefit over SOC in the ESR1m-positive subgroup (HR:
0.59, 95% CI: 0.36–0.96; p = 0.03 [non-significant]) [12]. Elacestrant reported a manageable safety profile with
mostly Grade 1 or 2 adverse events (AEs) [12].

Single-arm, early-phase clinical trials of novel oral SERDs have shown encouraging antitumor activity in both
ESR1m and wild-type ESR1 populations, including in patients previously treated with or without CDK4/6i [3,37,44].
In the phase II setting, these compounds as a monotherapy, have been compared with available standard endocrine
therapy in patients who have progressed on prior endocrine therapy in the ABC setting. The phase II acelERA trial
did not meet its primary end point of improved PFS for giredestrant versus endocrine treatment of physician’s choice
(TPC) for patients with ER+/HER2- ABC who had received one or two lines of previous endocrine therapy [45].
The PFS HR with giredestrant versus TPC was numerically improved in patients with detectable ESR1m ctDNA
at baseline (39% of the overall population; HR: 0.60, 95% CI: 0.35–1.03) [45]. Giredestrant was reported to be well
tolerated with a similar safety profile compared with TPC [45]. These findings were numerically aligned with the
results of EMERALD, where PFS benefit of elacestrant was greatest in patients with detectable ESR1m ctDNA [12].
This suggests the presence of ESR1m is a marker indicating tumor growth still driven by ER signaling in patients
with acquired resistance to current endocrine therapies.

In early-phase clinical studies, the next-generation oral SERD camizestrant (as monotherapy or in combination
with palbociclib or abemaciclib) has shown promise in offering improvements to SOC endocrine therapy, including
in patients with detectable ESR1m (see next section for details) [46–48]. Most recently, in the randomized phase II
SERENA-2 trial camizestrant significantly improved PFS versus fulvestrant in post-menopausal patients with ER+
ABC, previously treated with endocrine therapy [49]. The results from two ongoing phase III studies, SERENA-4
(NCT04711252) and SERENA-6 (NCT04964934) will further elucidate the role of camizestrant in treating
patients with HR+/HER2- ABC.

SERENA-6
A phase III, double-blind, randomized study to assess switching to camizestrant plus CDK4/6i versus continuing
an AI plus CDK4/6i in patients with HR+/HER2- ABC with detectable ESR1m but without clinical disease
progression during first-line treatment with an AI plus CDK4/6i: a ctDNA-guided early switch study sponsored
by AstraZeneca.

Background & rationale
Camizestrant (AZD9833) is a potent next-generation oral SERD and pure ER antagonist [50] (Figure 1) that
was designed to improve on first-generation oral SERDs [3,37]. The pharmacokinetic profile of camizestrant is
consistent with once-daily oral dosing in patients [46,48,51,52]. Camizestrant has demonstrated antitumor activity in
a wide range of ER+ breast cancer cell lines and patient-derived xenograft models, including those with wild-type
ESR1 and ESR1m Y537S and D538G [50,53]. In the phase I SERENA-1 trial, camizestrant was associated with
encouraging clinical activity as monotherapy or in combination with CDK4/6i in patients with ER+/HER2-
ABC who had received one or more previous lines of endocrine therapy, including fulvestrant and/or a previous
CDK4/6i [46–48,52]. Furthermore, ESR1m detected in ctDNA at baseline was reduced to undetectable levels in
most patients receiving camizestrant monotherapy or in combination with a CDK4/6i, including participants with
ESR1m Y537S [46–48].

In the randomized phase II SERENA-2 trial, treatment with camizestrant (at 75 and 150 mg doses) demonstrated
a statistically significant improvement in PFS benefit versus fulvestrant in post-menopausal patients with ER+ ABC,
previously treated with endocrine therapy [49]. The benefit in PFS extended to subgroups with detectable ESR1m
at baseline where camizestrant 75 mg (the recommended phase III dose of camizestrant selected for SERENA-6)
reduced the risk of disease progression over fulvestrant with a HR of 0.33 (95% CI: 0.18–0.58). Consistent with
other recent published data, fulvestrant in patients with detectable ESR1m at baseline had a median PFS of 2.2
months.

Monotherapy camizestrant 75 mg has shown a tolerable safety profile in SERENA-1 with the majority of
possibly camizestrant-related (investigator assessed) AEs reported as Grade 1 [48]. Furthermore, no patient required
camizestrant discontinuation due to possibly camizestrant-related AEs [48]. Camizestrant 75 mg was similarly well
tolerated in SERENA-2 with no new safety signals identified [49]. The safety profile of camizestrant plus palbociclib
or abemaciclib was consistent with the known profile of each agent given as monotherapy, with no patient requiring
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Figure 2. SERENA-6 trial schema.
aPremenopausal/perimenopausal women or male participants (if medically indicated) receive a concurrent monthly
luteinizing-hormone-releasing hormone agonist (goserelin or leuprorelin).
bPatients who are screen failures for STEP 1 can be rescreened.
cPatients who are screen failures for STEP 2 can be rescreened after consultation with the Global Study Team.
dRandomization will be stratified by: disease site (visceral disease vs non-visceral disease); ESR1m status (detectable at
first versus subsequent ctDNA tests); time from initiation of CDK4/6i + AI to randomization (<18 months vs ≥18
months); CDK4/6i.
1L: First-line; ABC: Advanced breast cancer; AI: Aromatase inhibitor; CDK4/6i: Inhibitor of cyclin-dependent kinase
4/6; ctDNA: Circulating tumor DNA; ECOG: Eastern Cooperative Oncology Group; ESR1m: Estrogen receptor 1 gene
mutation; HER2-: Human epidermal growth factor receptor 2-negative; HR+: Hormone receptor-positive; OD: Once
daily; PS: Performance status.

camizestrant dose reduction [46,47]. No clinically significant drug–drug interactions have been observed when
camizestrant 75 mg is dosed with palbociclib or abemaciclib [46,47].

Across SERENA-1 and SERENA-2, low grade AEs of visual effects and heart rate reduction were reported, and are
known to be associated with camizestrant [46–49,52]. In SERENA-1, all possibly camizestrant-related (investigator-
assessed) AEs of visual effects and heart rate reduction with camizestrant 75 mg as either monotherapy or in
combination with palbociclib or abemaciclib were Grade 1 (visual effects that do not interfere with activities of
daily living and asymptomatic heart rate decrease), except in three patients who experienced Grade 2 visual effects
that resolved without dose reduction (one patient treated with camizestrant plus palbociclib and two patients treated
with camizestrant plus abemaciclib) [46–48]. Ophthalmological review of patients reporting visual effects yielded no
evidence of physical abnormalities [48].

Design
Study design
SERENA-6 (NCT04964934) is a ctDNA-guided phase III, randomized, double-blind study that examines the
efficacy and safety of switching the endocrine therapy partner of CDK4/6i therapy from an AI to camizestrant when
ESR1m is detected in ctDNA, but before clinical or radiological disease progression as per investigator assessment.
The study has two steps, as summarized in Figure 2.

In STEP ONE, patients who had received an AI plus CDK4/6i for at least 6 months are screened for the first
set of inclusion and exclusion criteria (Table 2). Those who are eligible are tested for the presence of ESR1m in
ctDNA every 2–3 treatment cycles (8–12 weeks) while continuing to receive SOC first-line therapy (an AI plus a
CDK4/6i). In STEP ONE, continuous ctDNA monitoring will occur until disease progression is detected. At this
point, the patient will either discontinue standard first-line treatment and exit the study, or ESR1m is detected, at
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Table 2. Summary of eligibility criteria to enter STEP ONE of SERENA-6.
Inclusion criteria

Men and women ≥18 years of age (≥20 years in Japan)

Diagnosis of locoregionally recurrent or metastatic adenocarcinoma of the breast not amenable to resection or radiation therapy with
curative intent

Histologically confirmed HR+/HER2- status based on local laboratory results

Receiving an AI (letrozole or anastrozole) plus a CDK4/6i (palbociclib or abemaciclib) for ≥6 months without clinical or radiological
evidence of disease progression as per investigator assessment

May have received one previous line of chemotherapy for their locoregionally recurrent or metastatic breast cancer before CDK4/6i
plus AI

Eastern Cooperative Oncology Group performance status of 0 or 1

Minimum life expectancy of ≥6 months

Exclusion criteria

Previous exposure to camizestrant, fulvestrant or any investigational endocrine therapy (in any setting)

Currently treated with endocrine therapy (AI, tamoxifen or fulvestrant) alone or AI + ribociclib for advanced disease irrespective of
treatment duration

Risk of life-threatening complications in the short term

Uncontrolled or symptomatic CNS metastases, carcinomatous meningitis or leptomeningeal disease

No evidence of disease or bone-only disease with sclerotic/osteoblastic bone lesions

Severe or uncontrolled systemic disease

Chronic gastrointestinal disease, inability to swallow the formulated product, or previous significant bowel resection that would
preclude adequate absorption, distribution, metabolism or excretion of CDK4/6i and AI

Currently pregnant (confirmed with a positive pregnancy test) or breastfeeding

Participation in a study of an investigational agent or device ≤4 weeks before the first dose of study treatment

ABC: Advanced breast cancer; AI: Aromatase inhibitor; CDK4/6i: Inhibitor of cyclin-dependent kinase 4/6; ctDNA: Circulating tumor DNA; HER2-:
Human epidermal growth factor receptor 2-negative; HR+: Hormone receptor-positive.

Table 3. Additional inclusion and exclusion criteria for STEP TWO randomization.
Inclusion criteria

Qualifying ESR1m detected in ctDNA

At least one evaluable lesion (not previously irradiated) that can be accurately assessed at baseline by CT or MRI and is suitable for
repeated assessment. Measurable disease not required

Patients with bone disease only must have at least one non-previously irradiated lytic or mixed (lytic + sclerotic) bone lesion

Adequate organ and marrow function

Exclusion criteria

Clinical or radiological evidence of disease progression by investigator assessment and per RECIST v1.1 criteria

Concurrent use of non-topical hormonal therapy for non-cancer-related conditions (e.g., hormone replacement therapy)

Active infection, including uncontrolled tuberculosis, HBV, HCV or HIV

ctDNA: Circulating tumor DNA; CT: Computed tomography; ESR1m: Estrogen receptor 1 gene mutation; HBV: Hepatitis B virus; HCV: Hepatitis C
virus; RECIST: Response Evaluation Criteria in Solid Tumors.

which point patients will enter STEP TWO. Patients meeting additional eligibility criteria (Table 3) who have not
progressed on staging scans are randomized double-blind 1:1 either to continue the same SOC therapy in STEP
ONE augmented with camizestrant placebo or to receive camizestrant (75 mg once daily) and AI placebo with the
same CDK4/6i at the same dose received in STEP ONE. The treatment phase of STEP TWO continues until
disease progression, death or withdrawal for any reason.

Eligibility criteria
Key eligibility criteria to enter STEP ONE of SERENA-6 are shown in Table 2. Briefly, patients must have
histologically confirmed HR+/HER2- ABC and be currently receiving first-line AI (letrozole or anastrozole) plus
a CDK4/6i (palbociclib or abemaciclib) in the advanced setting for 6 months or more without evidence of disease
progression. Patients may have received one previous line of chemotherapy but must not have received other
endocrine therapies for their locoregionally recurrent or metastatic ER+/HER2- ABC before CDK4/6i and AI
treatment.
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The additional eligibility criteria required to progress to STEP TWO are shown in Table 3. In addition to the
detection of ESR1m in ctDNA, patients must have evaluable disease according to Response Evaluation Criteria in
Solid Tumors (RECIST) v1.1 and show no clinical or radiological evidence of disease progression.

Planned sample size
In total, SERENA-6 is expected to open at approximately 220 sites across 25 countries and will enroll approximately
3000 patients into STEP ONE. It is expected that approximately 300 patients will be randomized in STEP TWO
to receive study treatment.

Study procedures
Blood samples will be collected from eligible consenting patients on entry to STEP ONE. ctDNA will be analyzed
using the Guardant360 CDx assay (Guardant Health, CA, USA). An ESR1m test will be considered positive if one
or more of the 11 most prevalent ESR1 mutations that occur in HR+ mBC [54] are detected (all of which cause
constitutive activation of ER in preclinical models [40]. Patients without detectable ESR1m will continue receiving
SOC first-line therapy. Blood samples for serial ctDNA testing will be taken every 8–12 weeks, coinciding with
routine clinical visits conducted in concordance with patient management guidelines for HR+/HER2- ABC. If
a ctDNA test is positive for ESR1m, the patient will progress to STEP TWO. Patients who experience disease
progression without ESR1m during the surveillance period will be consented (optional) to perform comprehensive
mutational landscape assessment.

At STEP TWO, patient consent will be requested for further eligibility testing and entry to the treatment
phase of SERENA-6 (Figure 2 & Table 3). Patients who enter the treatment phase will be randomized 1:1
to receive camizestrant plus CDK4/6i or continue the AI plus CDK4/6i therapy received during STEP ONE.
Randomization will be stratified by disease site (visceral disease versus non-visceral disease), ESR1m status (detectable
at first versus subsequent ctDNA tests), time from initiation of CDK4/6i + AI to randomization (<18 months
versus ≥18 months), and CDK4/6i. After randomization, the patient, physician and sponsor will be blinded to
study treatment allocation. Unblinding of the physician may occur at a patient level to determine the best treatment
during the trial. An independent data monitoring committee will review unblinded safety data and interim efficacy
data and make recommendations on continuing the study based on their analysis.

Patients in the camizestrant group will receive camizestrant 75 mg (oral, once daily) plus CDK4/6i (continuing
at the same dose and schedule as in STEP ONE), plus AI placebo. Patients in the AI group will receive an AI
(continuing anastrozole [1 mg once daily] or letrozole [2.5 mg once daily]) plus CDK4/6i (maintained at the same
dose and schedule as in STEP ONE), plus camizestrant placebo. All premenopausal or perimenopausal female or
male patients (as medically applicable) will continue to receive a luteinizing hormone-releasing hormone agonist
(goserelin or leuprorelin). The treatment phase of STEP TWO will be continued until RECIST v1.1-defined
objective radiological progression as assessed by the investigator, unacceptable toxicity, withdrawal of consent, or
death. In the event of toxicity that is not attributable to a disease-associated process, the dose of camizestrant/placebo
may be reduced on one occasion (per patient) to 50 mg once daily. Temporary discontinuations of study treatment
of up to 3 weeks are allowed for the management of some toxicities. Patients who discontinue study treatment
prior to objective RECIST v1.1-defined radiological progression will be followed up with tumor assessments until
RECIST v1.1-defined second disease progression or death. All patients who discontinue study treatment will be
followed up for safety assessments as soon as possible after their last dose of study treatment, with additional
assessments performed at the 28-day safety follow-up visit. Following disease progression, patients may continue
to receive study treatment (camizestrant plus CDK4/6i or AI plus CDK4/6i) if the investigator judges that it
continues to provide clinical benefit after discussion with the patient and sponsor. Otherwise, physicians will
select a subsequent therapy according to the most recent US National Cancer Center Network (NCCN), ESMO,
Pan-Asian adapted ESMO, or other internationally recognized guidelines, considering tumor mutation status.

End points
The primary end point is PFS, defined as the time from randomization until progression as per RECIST v1.1, as
assessed by the investigator at the local site, or death due to any cause. Secondary end points include time to second
progression event (PFS2), defined as the time from randomization to the earliest of the progression events (following
the initial progression) after the first subsequent therapy or death. PFS2 provides longer-term information on patient
survival than standard PFS, and its use is encouraged by some clinical trial guidelines [55]. Other secondary end
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Table 4. Definitions of selected secondary end points for SERENA-6.
End point Definition

PFS2 Time from randomization to the earliest progression event (following the initial progression) after
the first subsequent therapy or death

Chemotherapy-free survival Time from randomization to the earliest start date of chemotherapy or death

Overall survival Time from randomization until the date of death due to any cause

Safety and tolerability Safety and tolerability will be evaluated in terms of type, incidence, severity (as graded by
NCI-CTCAE v5.0), seriousness and relationship to study treatments of AEs, vital signs, clinical
laboratory results, ECG recordings, echocardiogram recordings, and ophthalmological assessments

Health-related quality of life for
patient-reported outcomes

As evaluated by EORTC QLQ-C30 and EORTC QLQ-BR23

AE: Adverse event; EORTC QLQ-BR23: European Organization for Research and Treatment of Cancer quality of life questionnaire – BR23 questionnaire;
EORTC QLQ C30: European Organization for Research and Treatment of Cancer quality of life questionnaire – core questionnaire; NCI-CTCAE: US
National Cancer Institute Common Terminology Criteria for Adverse Events; PFS2: Second progression event.

points include chemotherapy-free survival, OS, safety and patient-reported outcomes (Table 4). Exploratory end
points include analyzing ctDNA for predictive markers of response and/or acquired resistance to camizestrant as
well as other potential molecular mechanisms of resistance to endocrine and CDK4/6i therapy.

Statistical analyses
Populations for analysis will include the full analysis set, which will be all intention-to-treat randomized patients.
The safety analysis set includes all patients who have received at least one dose of study treatment.

PFS, PFS2 and OS will be analyzed using a log-rank test adjusted for stratification factors. A stratified Cox
proportional hazards model will be used to estimate the HR and associated 95% CIs for each end point, and
Kaplan–Meier plots will be presented by treatment group. The study is powered for both the primary end point,
PFS, and the key secondary end point (PFS2).

Descriptive statistics will examine AEs by type, incidence, severity (as graded by US National Cancer Institute
Common Terminology Criteria for Adverse Events [NCI-CTCAE] v5.0), seriousness, and relationship to study
treatments. Vital signs, clinical laboratory results, cardiac and ophthalmological assessment values will also be
examined.

Ethical considerations
The protocol, any protocol amendments, and all other relevant documents will be approved by an institutional
review board or independent ethics committee at each participating institution before the study is initiated.
SERENA-6 will be conducted in accordance with consensus ethical principles derived from international guide-
lines, including the Declaration of Helsinki and the Council for International Organizations of Medical Sciences
International Ethical Guidelines, applicable Good Clinical Practice Guidelines, and all applicable local laws and
regulations. Written, informed consent will be obtained from all patients before enrollment to STEP ONE and
STEP TWO of the study. This manuscript was prepared in accordance with the SPIRIT reporting guidelines [56].

Conclusion
SERENA-6 examines the efficacy and safety of switching the endocrine therapy partner of first-line CDK4/6i
therapy from an AI to camizestrant at the earliest time point when ESR1m is detected in ctDNA from patients with
HR+/HER2- ABC but before clinical disease progression. SERENA-6 enrollment began in June 2021. Efficacy
will be measured by end points including PFS, PFS2 and OS. SERENA-6 is the first study in HR+/HER2-
ABC to utilize real-time prospective liquid biopsy monitoring to detect a molecular marker of treatment resistance
and to switch patients to a next-generation SERD that targets the resistance mechanism at the time of detection.
The rationale underlying SERENA-6 also raises the question of whether patients should receive a next-generation
SERD rather than an AI from the outset of initial diagnosis of metastatic breast cancer, regardless of ESR1m status.
This question is being addressed by SERENA-4 (NCT04711252), an ongoing phase III randomized, double-blind
study that is evaluating the efficacy and safety of camizestrant plus palbociclib versus anastrozole plus palbociclib
as first-line therapy for patients with HR+/HER2- ABC who have not received systemic treatment for advanced
disease [57].
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Executive summary

SERENA-6 study rationale
• Current guidelines recommend combining endocrine therapy with a cyclin-dependent kinase 4 and 6 inhibitors

(CDK4/6i) as first-line treatment for patients with hormone-receptor positive (HR+)/human epidermal growth
factor receptor 2-negative (HER2-) advanced breast cancer (ABC).

• Almost all HR+ tumors become resistant to endocrine-based therapy, with ESR1m associated with acquired
resistance to aromatase inhibitor (AI) and more aggressive disease features.

• The PADA-1 trial demonstrated that progression-free survival (PFS) is prolonged if patients are switched from an
AI to a first-generation selective estrogen receptor degrader (SERD) (fulvestrant) when estrogen receptor 1 gene
mutation (ESR1m) becomes detectable in circulating tumor DNA (ctDNA).

• Camizestrant is a potent next-generation oral SERD and pure estrogen receptor (ER) antagonist. Preclinical data
demonstrated improved antitumor activity compared with fulvestrant in patient-derived xenograft models with
ESR1m, including models with Y537S, which is putatively associated with resistance to fulvestrant. In a phase I
study, camizestrant demonstrated promising clinical activity as monotherapy or in combination with a CDK4/6i in
patients with ER+/HER2- ABC, including in patients whose tumors carried ESR1m. In a phase II study, camizestrant
demonstrated a statistically significant PFS benefit versus fulvestrant in post-menopausal patients with ER+ ABC
previously treated with endocrine therapy. The PFS benefit extended to subgroups with detectable ESR1m at
baseline.

• The recommended phase III dose of camizestrant at 75 mg daily has shown a tolerable safety profile, including
when combined with a CDK4/6i.

SERENA-6 study design
• SERENA-6 is a phase III, parallel, randomized, double-blind, matched placebo, multicenter, international study

assessing the efficacy and safety of switching patients with HR+/HER2- ABC that has acquired ESR1m and not
clinically progressed to camizestrant plus CDK4/6i versus continuing AI plus CDK4/6i.

• Eligible patients are currently receiving an AI plus a CDK4/6i (palbociclib or abemaciclib) as first-line therapy for
at least 6 months without disease progression. Patients with previous exposure to a SERD (in any setting) are not
eligible.

• ctDNA will be serially screened for ESR1m every 2–3 treatment cycles while patients continue the original AI plus
CDK4/6i therapy.

• Patients with detectable ESR1m, but no overt disease progression, will be randomized 1:1 to continue the original
AI plus CDK4/6i therapy or to switch to camizestrant 75 mg (oral, once daily) plus CDK4/6i therapy.

• The primary end point is PFS, according to RECIST v1.1, as assessed by local investigators. Secondary end points
include PFS2, chemotherapy-free survival, overall survival (OS), safety and patient-reported outcomes.

• Enrollment began in June 2021 and is expected at approximately 220 sites across 25 countries.
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