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ER degradation for ER+/HER2– advanced or
metastatic breast cancer: a phase 1 trial

Erika Hamilton 1 , Rachel M. Layman 2, David Cosgrove3, Michael Danso4,
Hui Zhang5, Wei He5, Su Young Kim5, Jie Fan 5 & Manish R. Patel1,6

AC699 is a novel, orally bioavailable chimeric estrogen receptor-α (ERα)
degrader that induces proteasome-dependent ERα degradation via cereblon
E3 ligase recruitment. Here we report findings from a first-in-human, phase 1,
dose-escalation study of once-daily AC699 (100–600mg) in patients with
heavily-pretreated, locally-advanced/metastatic ER-positive/HER2-negative
breast cancer (ClinicalTrials.gov Identifier: NCT05654532). Primary objectives
are to assess dose-limiting toxicities and treatment-emergent adverse events
(TEAEs). Secondary objectives are to evaluate pharmacokinetics, objective
response rate (ORR), clinical benefit rate (CBR, including stable disease ≥24
weeks), duration of response (DOR), and progression-free survival (PFS).
Among 37 treated patients, TEAEs occurred in 78% of patients, most com-
monly nausea (19%), fatigue (16%), and neutropenia (16%). All treatment-
related adverse events were Grade 1/2, with no dose reductions/discontinua-
tions; the maximum tolerated dose was not reached. Of 26 efficacy-evaluable
patients, 4 (15%) achieved partial responses and CBR was 23%. In exploratory
analysis of patients with ESR1 mutations, ORR and CBR were 40% and 45%,
respectively.MedianDORandPFSwere6.5 and3.6months overall, and6.5 and
7.4 months in ESR1-mutant patients. AC699 steady-state exposure increased
approximately dose-proportionally between 100–400mg, plateauing at
600mg. AC699 demonstrated favorable safety, predictable PK, and
encouraging antitumor activity, particularly in ESR1-mutant disease.

Breast cancer is the most frequently diagnosed cancer worldwide,
representing 12% of all cancers1 accounting for 31% of new cancer
cases, and responsible for 15% of cancer deaths in theUnited States in
20232 Approximately 70% of patients with breast cancer have hor-
mone receptor (HR)+/human epidermal growth factor receptor
2-negative (HER2−) disease3 and endocrine therapy is themainstay of
treatment4 However, primary and acquired resistance remain sub-
stantial challenges5 Acquired resistance is frequently caused by
mutations in the estrogen receptor 1 (ESR1) gene, which encodes
estrogen receptor-alpha (ERα), resulting in constitutive ER activity5

ESR1 mutations are common, occurring in 20−40% of patients with

ER+/HER2− breast cancer undergoing endocrine therapy in the
metastatic setting6

The selective estrogen receptor degrader (SERD) fulvestrant is
approved for patients with previously untreatedHR+/HER2− advanced
breast cancer and for patients who have progressed following endo-
crine therapy7 However, it is limited by low oral bioavailability and is
administered via intramuscular injection8 The SERD elacestrant is
approved for patients with ER+/HER2−, ESR1-mutated breast cancer
following at least one line of endocrine therapy; however, progression-
free survival (PFS) remains low at 3.8 months9 Other novel SERDs are
currently being investigated in second and later lines of treatment, but
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PFS consistently remains poor, particularly as single agents, high-
lighting an unmet need for new treatments in this difficult-to-treat
patient population.

AC699, a novel, orally bioavailable chimeric ERα degrader, binds,
ubiquitinates, and degrades ERα by engaging cereblon E3 ligase. Here,
we report safety, pharmacokinetics, and preliminary efficacy of AC699
in patients with locally advanced/metastatic ER+/HER2− breast cancer,
including patients with ESR1 mutations.

Results
Patient disposition and demographics
Between January 10, 2023, and August 8, 2024, 37 patients were trea-
ted at five sites in theUnited States (Supplementary Fig. 1). Themedian
age of patients was 60 years. Patients were heavily pretreated with a
median of five prior lines of systemic therapy in all settings and a
median of three prior lines of therapy in the advanced/metastatic
setting. All patients had received prior treatment with CDK4/6 inhibi-
tors and prior endocrine therapy. In addition, 12 patients had tumors
with somatic ESR1mutations at a variant allele frequency (VAF) of >1%
(Table 1 and Supplementary Table 1).

Safety
Primary objectives are to assess dose-limiting toxicities (DLTs) and
treatment-emergent adverse events (TEAEs). The median duration of
treatment was 84 days (range, 12−336). There were no DLTs, and the
maximum-tolerateddosewasnot reached.Overall, 78%of patients had
TEAEs, the most common being nausea (19%), fatigue (16%), and neu-
trophil count decreased (16%) (Table 2). Forty-one percent of patients
had treatment-related adverse events (TRAEs). All treatment-related
adverse events were Grade 1 or 2, including nausea (14%), hot flush
(14%), and neutrophil count decreased (11%) (Supplementary Data
Table 2). There were no Grade ≥3 TRAEs. In addition, there were no
dose reductions, discontinuations, or interruptions of AC699 due to
TRAEs. Eight patients had treatment-emergent serious adverse events,
with pneumonia in two patients and six unique events in one patient
each; nonewere consideredby the investigator to be related toAC699.
Two patients died due to disease progression, and one patient died
due to an adverse event of seizure followed by septic shock; no deaths
were related to AC699.

Pharmacokinetics
Pharmacokinetics evaluation is one of the secondary objectives of this
study. Preliminary steady-state pharmacokinetics data for AC699were
available for 34 patients on Cycle 1, Day 15. The mean plasma con-
centration‒time profiles and area under the curve from time 0–24 h
(AUC0–24) values at different doses are shown in Fig. 1a, b, respectively.
AUC0–24 of AC699 increased in an approximately dose-proportional
manner within the dose range of 100‒400mg once daily (QD) with
mean values of 19,522 ng h/mL (100mg), 26,017 ng h/mL (200mg),
41,778 ng h/mL (300mg), and 45,889 ng h/mL (400mg). An exposure
plateauwas observed at the 600mgQDdose with an AUC0–24 value of
48,580 ng h/mL.

Efficacy
Secondary objectives also included evaluation of objective response
rate (ORR), clinical benefit rate (CBR), duration of response (DOR), and
PFS. Among 26 evaluable patients, four patients (15%) achieved a
confirmed partial response overall. In a predefined exploratory sub-
group efficacy analysis for patients with ESR1 mutations, a confirmed
partial response was achieved by 40% (4/10) of patients with ESR1
mutations (VAF > 1%) (Fig. 2). The depth of responses and sustainable
responses are demonstrated in Fig. 2c, d. In addition, there was a
general trend towards a decrease in lesion size that was not great
enough tobe classified asapartial response innon-responders. All four
responders had previously progressed on an ER-targeted agent. Three

of these were previously treated with fulvestrant. The fourth patient
did not receive prior fulvestrant but underwent four prior lines of
endocrine therapy, including aromatase inhibitors and selective
estrogen receptor covalent antagonists (SERCAs), as well as one line of
chemotherapy in the metastatic setting. In the 10 patients with ESR1
mutations, seven (70%) had tumor shrinkage. Tumor shrinkage of liver
lesions in a patient harboring an ESR1 mutation following treatment
with AC699 is shown in Fig. 2e. We observed a substantial reduction in
overall tumor burden on AC699 treatment. The median DOR was 6.5
months, both overall and in patients with ESR1mutations. Median PFS
washigher in patientswith ESR1mutations (7.4months in patientswith
ESR1 mutations vs 3.6 months in all patients) (Fig. 3). The CBR
(including stable disease ≥24 weeks) was 23% overall and 45% in
patients with ESR1 mutations (Table 3). The longest duration of treat-
ment was 48 weeks.

Table 1 | Baseline characteristics and prior lines of therapy

N = 37

Age, median (range), years 60 (41‒81)

Female, n (%) 36 (97.3)

Postmenopausal 35 (94.6)

Race, n (%)

White 29 (78.4)

Black 5 (13.5)

Asian 0

Not reported 2 (5.4)

Multiple 1 (2.7)

Baseline ECOG PS, n (%)

0 15 (40.5)

1 22 (59.5)

Measurable disease at baseline, n (%) 30 (81.1)

Visceral lesions (liver, lung, spleen) at baseline,
n (%)

26 (70.3)

Bone lesions only at baseline, n (%) 7 (18.9)

Prior lines of therapy

Systemic therapy in any setting, med-
ian (range)

5 (1‒10)

Systemic therapy in advanced/metastatic set-
ting, median (range)

3 (1‒8)

Prior CDK4/6 inhibitors, n (%) 37 (100)

Prior palbociclib 29 (78.4)

Prior ribociclib 5 (13.5)

Prior abemaciclib 9 (24.3)

Prior CDK4/6 inhibitors <12 months 14 (37.8)

Prior ET in advanced/metastatic settings,
median (range)

2 (1‒7)

Prior ET in advanced/metastatic settings, n (%) 37 (100)

Prior fulvestrant 30 (81.1)

Prior novel SERD/SERCAa 8 (21.6)

Prior chimeric ER degrader 4 (10.8)

Prior aromatase inhibitors 26 (70.3)

Prior chemotherapy, n (%) 31 (83.8)

Prior chemotherapy in metastatic setting, n (%) 20 (54.1)

Prior to other targeted therapies (mTOR and
PIK), n (%)

11 (29.7)

ESR1 mutant, VAF > 1%, n (%) 12 (32.4)

CDK4/6 cyclin-dependent kinase 4/6, ECOG PS Eastern Cooperative Oncology Group perfor-
mance status, ER estrogen receptor, ESR1 estrogen receptor 1, mTOR mammalian target of
rapamycin, PIK phosphatidylinositol kinase, SERCA selective estrogen receptor covalent
antagonist, SERD selective estrogen receptor degrader, VAF variant allele frequency.
aEight patients received a novel SERD/SERCA (seven received a novel SERD, and one received a
novel SERCA).
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Biomarkers
In a predefined exploratory analysis of 31 patientswho completedboth
a baseline sample at Cycle 1, Day 1 and at least one post-baseline
sample at up to Cycle 4, eight had a baseline circulating tumor cell
(CTC) count of 0, while 23 had a baseline CTC count greater than 0
(Supplementary Fig. 2A). Among those 23 patients, 20 patients (87.0%)
had a reduction in CTC counts after treatment. In addition, all 10
patients with ESR1 mutations had a reduction in CTC counts after
treatment (Supplementary Fig. 2B). The vast majority of patients had
an initial response to AC699 therapy as demonstrated by a decrease in
CTC count, even in thosewho experienceddiseaseprogression shortly
thereafter.

Discussion
This first-in-human phase 1 trial evaluated the safety, pharmacoki-
netics, and preliminary antitumor efficacy of orally, once daily (QD)
AC699 in 28-day cycles in patients with advanced/metastatic ER2+/
HER2− breast cancer, including patients with ESR1 mutations. There
were no DLTs, and the maximum-tolerated dose was not reached.
AC699 was safe and well-tolerated, with all TRAEs being mild or
moderate. The most frequent TRAEs were Grade 1/2 nausea, hot flush,
and neutrophil count decrease. Notably, there were no Grade 3 or
higher TRAEs. In contrast, Grade 3/4 TRAEs occurred in 7.2% of
patients in a phase 3 trial of elacestrant9 and in 6%of patients in a phase
2 trial of vepdegestrant in patients with ER+/HER2− advanced breast
cancer10 In addition, pharmacokinetic findings showed that AC699 has

favorable pharmacokinetic properties with a plateau above 400mg,
justifying doses of 400mg or less for future clinical trials.

The patient population in this trial was heavily pretreated, with a
median of three prior lines of systemic therapy in the advanced/
metastatic setting, and all patients had received prior CDK4/6 inhibi-
tors. They had also received a median of two lines of prior endocrine
therapy (fulvestrant, other novel SERDs, chimeric ER degraders, or
aromatase inhibitors) in the metastatic setting. Despite this poor
prognostic setting, AC699 demonstrated promising antitumor activity
with an ORR of 15%, a CBR of 23%, and a median PFS of 3.6 months in
the overall study population. These results are comparable to those
reported in studies in similar study populations of patients with ER
+/HER2− advanced breast cancer treated with elacestrant and other
novel SERDs (camizestrant, imlunestrant, giredestrant, amcenestrant)
and the chimeric ER degrader vepdegestrant10–14 Notably, in patients
with ESR1 mutations in the current study, the ORR was 40%, the CBR
was 45%, and the median PFS was 7.4 months. These results compare
favorably to those seen in a phase 2 trial of patients treated with the
chimeric ER degrader vepdegestrant, which reported a median PFS of
5.7months (ORR was not reported) and a CBR of 47.4%10. Results from
the current study also compare favorably to those seen in phase 2 and
3 trials of elacestrant, imlunestrant, and camizestrant. A phase 3 trial of
elacestrant in patients with ER+/HER2− advanced breast cancer
reported a median PFS of 3.8 months, ORR of 7%, and CBR of 24% at
24 weeks in patients with ESR1 mutations and a median PFS of
2.8 months in all patients9 A phase 3 trial comparing imlunestrant,

Table 2 | Most frequent TEAEs by preferred term in ≥10% of patients of any treatment group

Preferred term, n (%) Cohort 1(100mg
QD) (N = 4)

Cohort 2 (200mg
QD) (N = 12)

Cohort 3 (300mg
QD) (N = 11)

Cohort 4 (400mg
QD) (N = 6)

Cohort 5 (600mg
QD) (N = 4)

Overall
(N = 37)

Patients with any TEAE 4 (100) 11 (91.7) 8 (72.7) 4 (66.7) 2 (50.0) 29 (78.4)

Nausea 1 (25.0) 1 (8.3) 4 (36.4) 1 (16.7) 0 7 (18.9)

Fatigue 1 (25.0) 2 (16.7) 1 (9.1) 2 (33.3) 0 6 (16.2)

Neutrophil count
decreased

1 (25.0) 1 (8.3) 1 (9.1) 2 (33.3) 1 (25.0) 6 (16.2)

Dehydration 3 (75.0) 1 (8.3) 1 (9.1) 0 0 5 (13.5)

Hot flush 1 (25.0) 1 (8.3) 2 (18.2) 0 1 (25.0) 5 (13.5)

Constipation 0 1 (8.3) 1 (9.1) 1 (16.7) 1 (25.0) 4 (10.8)

QD once daily, TEAE treatment-emergent adverse event.

Fig. 1 | Pharmacokinetics of AC699. a AC699 concentration-time profile after
multiple-dose administration at steady state (C1D15) mean± SD is shown. b Dose-
exposure (AUC0–24) at steady state (C1D15) showed that AC699 exposure increased
approximately dose-proportionally between 100 and 400mg, with a plateau at
600mg. (total n = 34 patients for both). n number of PK evaluable patients at each

dose level, h hours, QD once daily, AUC area under the concentration-time curve,
AUC0–24 area under the concentration-time curve from time 0 to 24 h; the symbol
dots show the arithmetic mean at the indicated dose, and error bars denote stan-
dard deviation.
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standard endocrine monotherapy, and imlunestrant plus abemaciclib
in patients with ER+/HER2− advanced breast cancer, reported a med-
ian PFS of 5.5 months in patients with ESR1mutations and 5.6 months
in all patients in the imlunestrant group15 A phase 2 trial (SERENA-2)

comparing camizestrant versus fulvestrant in patients with ER+/HER−
advanced breast cancer reported a PFS of 7.2 months and 7.7 months
in all patients in the 75mg and 150mg camizestrant groups, respec-
tively, and 6.3 months and 9.3 months, respectively, in patients with

Fig. 2 | Change in target lesion size after treatment.Waterfall plot of best per-
centage change in tumor size in a all evaluable patients (n = 26) and b patients with
ESR1mutations (n = 10), and spider plot of change in tumor size during treatment
overtime in c all evaluable patients (n = 26) and d patients with ESR1 mutations;
e baseline contrast-enhanced axial CT image of liver lesions at baseline and
6 months after treatment with AC699 200mg QD in a patient harboring an ESR1
mutation. Red arrows indicate the location of the tumor. Mut mutated, PD pro-
gressive disease, PR partial response, pt patient, SD stable disease; *, The patient

had a 23% increase in the size of a target nodewhichwas an increase of <5mm, thus
SD); #, patients had no decrease in the size target lesions and a response of SD; °,
patients <20% who had PD, due to developed new lesions. Waterfall plots (a, b)
represent patients with target lesions at baseline and at least one adequate post-
baseline assessment. The largest decrease or smallest increase represents the best
response to treatment. Spider plots (c, d) represent patients with target lesions at
baseline and at least one adequate post-baseline assessment. Source data are
provided as a Source data file.
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ESR1 mutations. However, results from the SERENA-2 study are not
directly comparable to those of the AC699 study due to notable dif-
ferences in patient populations11 For example, in SERENA-2, one-third
of patients had de novo advanced breast cancer; all had received 0 or 1
line of ET therapy across all settings; and about 50% had not been
treated with CDK4/6 inhibitors. In contrast, the AC699 study involved
patients who had received at least 2 lines of ET therapy or 1 line of ET if
combined with CDK4/6 inhibitors, with a median of 5 lines of therapy
in the metastatic setting. Thus, indicating a more heavily pretreated
cohort in the AC699 study, in which all patients had received CDK4/6
inhibitors. These differences affect the comparability of PFS results
between the two studies. Overall, we note that cross-trial comparisons
should be performed with caution, given there are differences in dose
levels used, patient eligibility criteria, and small patient numbers in the
phase 1 and2 studies discussedhere.However, they arepresentedhere
to provide context for the results of our study.

Themeasurement of CTCs using peripheral blood samples is non-
invasive and convenient. It may also provide a more comprehensive
representation of the characteristics of metastatic cells, as these cells
originate from various metastatic lesions in patients. In recent years,
advancements in CTC technology have led to widespread exploration
of CTC analysis for assessing cancer prognosis and monitoring ther-
apeutic responses16 In this current study of AC699, a reduction in CTC
counts was observed in nearly all patients after just one cycle of
treatment, suggesting that AC699 effectively removes cancer cells
from the bloodstream or reduces the release of CTCs from tumors.
While a substantial reduction in CTC counts appears to be associated
with tumor regression, additional patient data are required to establish
a clear correlation between changes in CTC counts and Response
Evaluation Criteria in Solid Tumors (RECIST) clinical responses. How-
ever, these results should be interpreted with caution, given that there
is not a comparator arm in the study.

Several limitations of this study should be noted, including the
small sample size, single-arm design, and lack of direct comparison
with other treatment options.

In conclusion, findings from this phase 1 trial of AC699 in patients
with ER+/HER2− advanced/metastatic breast cancer show promising
safety, tolerability, and antitumor activity, at doses up to 600mg
orally QD.

Methods
Trial oversight
This phase 1 study is registeredwith ClinicalTrials.gov (NCT05654532).

The study design was conducted in accordancewith the protocol,
the Declaration of Helsinki, the International Council for Harmonisa-
tion for Guidelines on Good Clinical Practice, and the US Food and
Drug Administration Code of Federal Regulation. At enrollment, all
patients signed informed consent forms approved by the local insti-
tutional review board or independent ethics committee, which also
approved the protocol and all amendments. The following institu-
tional review board or independent ethics committee provided
approval of the study: Western-Copernicus Group (WCG) Institutional
Review Board (IRB000000533), MD Anderson Institutional Review
Board (IRB00000121), and US Oncology, Inc. Institutional Review
Board (IRB00001130)
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Fig. 3 | Progression-free survival of patients treated with AC699. Kaplan–Meier
curve of PFS in a all patients (n = 37) and b patients with ESR1 mutations (n = 12).
Solid lines represent Kaplan–Meier estimates, with shaded areas indicate 95%

confidence intervals. Numbers below the x-axis indicate patients remaining at risk
at each time point. Source data are provided as a Source data file.

Table 3 | Clinical efficacy of AC699

Outcome All patients Patients with ESR1mut

ORR, % (n/N)
(95% CIa)

15.4 (4/26)(4.4, 34.9) 40 (4/10)(12.2, 73.8)

Median DOR,
months
(95% CIb)

6.5 (3.7, NEa)c 6.5 (3.7, NE)d

CBR, % (n/N)
(95% CIa)

23.3 (7/30)(9.9, 42.3) 45.5 (5/11)(16.8, 76.6)

Median PFS,
months
(95% CIb)

3.6 (1.8, 7.4)e 7.4 (1.9. 10.9)f

CBR was defined as confirmed complete response or partial response at any time and stable
disease for ≥24 weeks.
CBR clinical benefit rate, CI confidence interval, DOR duration of response, ESR1 estrogen
receptor 1 gene, Mut mutated, ORR objective response rate, N number of evaluable patients, n
number of responders, NE not estimable, PFS progression-free survival.
aTwo-sided 95%CI based on the Clopper-PearsonMethod. PFS andDOR are estimated based on
the Kaplan–Meier method.
bBookmeyer and Crowley method used for 95% CI.
cn = 26.
dn = 10.
en = 37.
fn = 12.
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Trial design
This was a phase 1, first-in-human, open-label dose-escalation trial in
whichAC699monotherapywas administered orally, once daily (QD) in
28-day cycles. Primary endpoints are DLTs and TEAEs. Secondary
endpoints include ORR, CBR (CR + PR + SD ≥ 24 weeks), DOR, PFS, and
PK. The starting dose was 100mg, and the dose was increased using a
3 + 3 dose-escalation design with the modification that four patients
could be enrolled initially, following approval from the Safety Review
Committee which determined the next dose level and/or schedule
until the initially planned highest dose of 600mg was reached. Pend-
ing the totality of clinical data, selected dose levels that had been
cleared could be backfilled to expand to amaximumof 20 patients per
dose level, if additional pharmacokinetic data were required.

Patients
Patients were eligible if they were ≥18 years of age; had an Eastern
CooperativeOncologyGroup (ECOG) performance status score of0or
1; had a confirmed diagnosis of advanced, unresectable, and/or
metastatic breast cancer following disease progression on standard
treatment, or for whom no therapy of proven efficacy existed, or who
were not amenable to standard therapies; had a histologically and/or
cytologically confirmed diagnosis of estrogen receptor positive (ER+)
breast cancer; and had human epidermal growth factor 2-negative
(HER2−) breast cancer as defined by American Society of Clinical
Oncologists/College of American Pathologists guidelines17 Patients
also had to have received at least two prior endocrine regimens in any
setting (i.e., neoadjuvant, adjuvant, or advanced/metastatic) or at least
one prior line of endocrine therapy if combined with a CDK4/6 inhi-
bitor. Prior chemotherapy was not required, but up to three prior
regimens of cytotoxic chemotherapy were allowed in the locally
advanced/metastatic setting. In addition, patients had to have at least
one measurable lesion according to RECIST Version 1.1 or at least one
predominantly lytic bone lesion in the absence of measurable disease.
Patients also had to have acceptable organ function (creatinine clear-
ance of ≥60mL/min by the Cockcroft-Gault equation or equivalent;
total bilirubin ≤1.5 × upper limit of normal [ULN; ≤5 ×ULN for patients
with known Gilbert’s syndrome]; aspartate aminotransferase [AST]
≤2.5 × ULN or ≤5 ×ULN in the presence of liver metastases; alanine
aminotransferase [ALT] ≤2.5 ×ULN or ≤5 ×ULN in the presence of liver
metastases; international normalized ratio ≤2), and acceptable hema-
tologic function (hemoglobin ≥9 g/dL; absolute neutrophil count
≥1000 cells/mm3; platelet count ≥75,000 cells/mm3).

Premenopausal or perimenopausal patients had to be receiving
concurrent treatment with a luteinizing hormone-releasing hormone
(LHRH) agonist at least 4 weeks before the start of trial therapy and
agree to continue the LHRH agonist throughout the duration of study
treatment, have a negative serum pregnancy test within 7 days of
initiating treatment, and agree to follow guidelines for use of highly
effective contraception during the study and for 90 days following the
last dose of study drug. Postmenopausal women had to meet one of
the following requirements: age ≥60 years, spontaneous amenorrhea
(i.e., in the absence of chemotherapy, tamoxifen, toremifene, or
ovarian suppression) for ≥12 months following cessation of all exo-
genous hormonal treatment, 6 months of spontaneous amenorrhea
with serum follicle-stimulating hormone levels and an estradiol value
in the postmenopausal range per institutional standards, or prior
bilateral oophorectomy performed at least 6 weeks before screening,
with or without hysterectomy.

Male patients with female partners of childbearing potential were
required to use contraception during the study, and life expectancy
had to be greater than 12 weeks. Backfill patients also had to have
available historical testing to confirm ESR1 mutations.

Exclusion criteria included: prior treatment with cytotoxic che-
motherapy, investigational agents, or other anticancer drugs for the
treatment of locally advanced or metastatic breast cancer within

14 days before the first administration of AC699;more than three prior
chemotherapy regimens for locally advanced or metastatic breast
cancer; radiation therapy within 14 days prior to the first study drug
administration that did not resolve to tolerable toxicity, or prior irra-
diation tomore than25%of bonemarrow (prior palliative radiotherapy
to metastatic lesions was permitted, provided it had been completed
7 days prior to study enrollment and no clinically significant toxicities
were expected, such asmucositis or esophagitis);major surgerywithin
21 days prior to the first study drug administration (with the exception
that patients could enroll if fully recovered or without intolerable or
clinically significant adverse effects, but at least 14 days had to
have elapsed between major surgery and the first study drug admin-
istration); use of prophylactic growth factors and blood transfusions
within 14 days prior to the first study drug administration was exclu-
ded; and use of proton pump inhibitors within at least 48 h prior to
Cycle 1, Day 1. Additional exclusion criteria are detailed in the study
protocol.

The sex of patients enrolled in the trial was self-reported, and data
for gender were not collected. No analyses by sex or disaggregated
data are presented. Classification terms for race and ethnicity were
provided by the FDA. Racial and ethnic identity was self-reported.

Objectives
Primary objectives are to evaluate the safety and tolerability of AC699.
Secondary objectives are to evaluate the preliminary antitumor activ-
ity of AC699 and to characterize the pharmacokinetic profile after a
single dose and multiple doses of AC699. Exploratory objectives
include evaluation of the relationship between circulating tumor DNA
levels, CTCs, and post hoc analysis of ESR1 mutational status with
antitumor activity of AC699.

Assessments
Safety. Safety assessments included analysis of reported incidence of
TEAEs, treatment-related adverse events, and DLTs, all of which were
graded by National Cancer Institute Common Toxicity Criteria for
Adverse Events (NCI-CTCAE Version 5.0). Additional assessments
included laboratory results, vital signs, and electrocardiogram
findings.

DLTs were assessed during the DLT period (first 28 days following
the first dose of AC699). The definition of DLTs is described in the
study protocol and in the Supplementary Note. The study aimed to
identify a maximum-tolerated dose if possible and the total data col-
lected could be used to suggest a recommended phase 2 dose.

Pharmacokinetics. Blood samples for pharmacokinetic analyses were
taken beforedosing andpost dosing at 1, 2 and 4 h (±5min for each), 6,
and8 h (±10min), and24 h (±1 h) ofCycle 1, Day 1 andCycle 1, Day 15, as
well as before Day 1 dosing of Cycles 2, 3, 4 and 6.

Efficacy. Response and progression were evaluated using RECIST
(Version 1.1) and included the ORR (defined as the percentage of
patients with measurable disease at baseline and at least one post-
baseline evaluation) with confirmed complete response or partial
response; the CBR (defined as the percentage of patients with com-
plete response, partial response, or stable disease, where stable dis-
ease ismaintained for 24weeks ormore), the DOR (defined as the time
between the first documentation of a complete response or partial
response and the first evidence of progressive disease, or death due to
any cause) and PFS (defined as the time from the first day of study drug
administration [Day 1] until disease progression, or death on study,
whichever occurred first). Patients who were alive and free from dis-
ease progression were censored at the date of the last tumor assess-
ment. Response assessments were performed after 2 cycles and every
2 cycles/8 weeks (±5 days) for the first year of treatment, and then
every 4 cycles/16 weeks (±5 days) thereafter.
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Biomarkers. Blood samples were collected to assess CTC counts on
Day 1 of Cycles 1, 2, and 4, and at all even-numbered cycles. CTC counts
were analyzed using the CELLSEARCH® CTC18 assays. Plasma samples
were collected to assess ESR1mutation status on theCycle 1, Day 1 visit.
cfDNAs purified from plasma samples were sequenced using Guar-
dant360 gene (74 gene-panel based; Guardant Health Inc.) assays to
determine gene mutation status19.

Statistical analyses
The actual number of dose levels to be explored in this study depen-
ded on the determination of the non-tolerable dose based on DLTs.
The maximum-tolerated dose was defined based on DLTs. If one
patient experienced a DLT at a given dose level, then that dose level
was expanded to 6 patients. Evaluation of a cohort of at least 3 patients
completing 1 cycle of treatment (28 days) was required before pro-
ceeding to the next dose level. In addition, selected dose levels could
be expanded to approximately 20 patients (per dose level). Qualitative
variables were summarized as frequencies and percentages, and con-
tinuous variables were summarized with the number of non-missing
values, mean, standard deviation, median, minimum, and maximum
values. Time-to-event variables (DOR, PFS) were summarized using
Kaplan–Meier analyses with medians and 95% confidence intervals
(CIs). The ORR and CBR were summarized with frequency and per-
centage with 95% CIs using the Clopper-Pearson method.

The safety analysis set included all patients who had received at
least one dose of study treatment. The efficacy-evaluable set included
all patients who received any dose of study treatment. The pharma-
cokinetic analysis set included all patients who had received at least
one dose of study treatment and had at least one sample collection of
blood with a measurable concentration of study drug in plasma.

All data were analyzed using SAS (v9.4, SAS Institute, Cary, NC),
GraphPad (San Diego, CA), and R software (v4.1.2).

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability
Health information from study participants is protected under
applicable privacy laws and may only be shared with entities directly
involved in the conduct and oversight of the trial, or as otherwise
permitted upon receipt of the subject’s explicit authorization.
Researchers or parties interested in collaboration for non-commercial
use are encouraged to contact the corresponding author with a formal
request. Applications should clearly specify the data being requested,
the intended use, and ensure that all proposed uses comply with the
country or region-specific regulations. Upon request, subject to review
and execution of a formal data-sharing agreement with Accutar, dei-
dentified participant data and target sequencing data supporting the
findings of this study couldbe provided. The clinical trial protocolmay
also be made available upon request. All shared data will be available
beginning immediately and ending 24 months following the publica-
tion of this article. Data from the data presented in graphs within the
figures in thismanuscript are provided with the paper. Supplementary
Information or Source data files are provided with this paper. Source
data are provided with this paper.
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