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IMPORTANCE The phosphatidylinositol 3-kinase (PI3K) pathway is frequently activated in
patients with estrogen receptor–positive (ER+), endocrine therapy–resistant breast cancers.

OBJECTIVE To assess the maximum tolerated dose (MTD), safety, and activity of alpelisib,
an oral, PI3Kα-specific inhibitor, plus fulvestrant in patients with ER+ advanced breast
cancer (ABC).

DESIGN, SETTING, AND PARTICIPANTS An open-label, single-arm, phase 1b study of alpelisib
plus fulvestrant was conducted at 10 centers in 5 countries. Participants were 87
postmenopausal women with PIK3CA-altered or PIK3CA-wild-type ER+ ABC, whose cancer
progressed during or after antiestrogen therapy. The study began enrolling patients October
5, 2010, and the data cutoff was March 22, 2017.

INTERVENTIONS Escalating doses of alpelisib were administered once daily, starting at
300 mg, plus fixed-dose fulvestrant, 500 mg, in the dose-escalation phase; alpelisib at the
recommended phase 2 dose plus fulvestrant in the dose-expansion phase.

MAIN OUTCOMES AND MEASURES The primary end point was determination of the MTD
of once-daily alpelisib plus fulvestrant. Secondary end points included safety and
preliminary activity.

RESULTS From October 5, 2010, to March 22, 2017, 87 women (median age: 58 years [range,
37-79 years]; median of 5 prior lines of antineoplastic therapy) received escalating once-daily
doses of alpelisib (300 mg, n = 9; 350 mg, n = 8; 400 mg, n = 70) plus fixed-dose fulvestrant
(500 mg). During dose escalation, dose-limiting toxic effects were reported in 1 patient
(alpelisib, 400 mg): diarrhea (grade 2), vomiting, fatigue, and decreased appetite (all grade
3). The MTD of alpelisib when combined with fulvestrant was 400 mg once daily, and the
recommended phase 2 dose was 300 mg once daily. Overall, the most frequent grade 3/4
adverse events with alpelisib, 400 mg, once daily (�10% of patients), regardless of causality,
were hyperglycemia (19 [22%]) and maculopapular rash (11 [13%]); 9 patients permanently
discontinued therapy owing to adverse events. Median progression-free survival at the MTD
was 5.4 months (95% CI, 4.6-9.0 months). Median progression-free survival with alpelisib,
300 to 400 mg, once daily plus fulvestrant was longer in patients with PIK3CA-altered
tumors (9.1 months; 95% CI, 6.6-14.6 months) vs wild-type tumors (4.7 months; 95% CI,
1.9-5.6 months). Overall response rate in the PIK3CA-altered group was 29% (95% CI,
17%-43%), with no objective tumor responses in the wild-type group.

CONCLUSIONS AND RELEVANCE Alpelisib plus fulvestrant has a manageable safety profile in
patients with ER+ ABC, and data suggest that this combination may have greater clinical
activity in PIK3CA-altered vs wild-type tumors.
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B reast cancer is the most frequently diagnosed cancer
in women worldwide, with approximately 75% of meta-
static breast cancers being estrogen receptor–positive

(ER+).1,2 The recommended treatment for patients with ER+
advanced breast cancer (ABC) is endocrine therapy, alone or
with mammalian target of rapamycin (mTOR) or cyclin-
dependent kinase 4/6 inhibitors.3-5 However, resistance and
disease progression eventually occur.6

The phosphatidylinositol 3-kinase (PI3K) pathway is fre-
quently altered in ER+ breast cancer and has been impli-
cated in resistance to endocrine therapies.7,8 Furthermore,
PIK3CA, which encodes the PI3K p110α isoform, is altered
in approximately 40% of ER+ breast cancers.9,10 Estrogen-
independent breast cancer cell growth can be inhibited by
adding PI3K inhibitors to antiestrogens, supporting the con-
cept of using PI3K inhibitors with endocrine therapy.11 Tar-
geting PIK3CA-mutated cancers with PI3K pathway inhibi-
tors is a promising strategy,9,12-14 as demonstrated in
2 phase 3 trials of the pan-PI3K inhibitor buparlisib plus ful-
vestrant in patients with hormone receptor–positive (HR+),
human epidermal growth factor receptor 2–negative
(HER2–) ABC whose cancer progressed during or after treat-
ment with an aromatase inhibitor with13 or without prior
mTOR inhibition.12 While treatment with buparlisib plus
fulvestrant more than doubled median progression-free sur-
vival (mPFS) in patients with PIK3CA-mutant vs wild-type
tumors, it was associated with a challenging off-target toxic-
ity profile.12,13 Selective targeting of a single PI3K isoform
may reduce adverse effects (AEs) associated with broader
PI3K inhibition.

Alpelisib (BYL719) is an oral, α-specific PI3K inhibitor.9 In
a phase 1a study of single-agent alpelisib in advanced solid tu-
mors, the maximum tolerated dose (MTD) was 400 mg once
daily.15 Clinical activity was observed at doses of 270 mg or
higher once daily, especially in patients with ER+ breast
cancer.15 The MTD of alpelisib was established as 300 mg once
daily plus fixed-dose letrozole in patients with ER+, HER2–
metastatic breast cancer refractory to endocrine therapy.9 This
combination was generally well tolerated and clinical activ-
ity was observed.9

Herein, we report results from a phase 1b study that
evaluated the MTD of alpelisib plus fulvestrant in postmeno-
pausal women with PIK3CA-altered or wild-type, ER+ ad-
vanced breast cancer whose cancer progressed during or af-
ter antiestrogen therapy.

Methods
Study Design and Setting
This was a multicenter, open-label, phase 1b trial of alpelisib
plus fulvestrant, which enrolled patients at 10 centers in 5 coun-
tries (eTable 1 in Supplement 1). The trial protocol is available
in Supplement 2. The study was approved by the indepen dent
ethics committees or institutional review boards for each site
and was conducted per the Declaration of Helsinki16 and Good
Clinical Practice. All participants provided written informed
consent and received financial compensation.

Participants
The dose-escalation phase enrolled patients with ER+ breast
cancer with altered (mutated or amplified) PIK3CA status.
The dose-expansion phase enrolled patients with ER+,
HER2– breast cancer with any locally assessed PIK3CA sta-
tus. Other enrollment criteria, including disease progression
during or after antiestrogen therapy, or relapse after adju-
vant antiestrogen therapy, are detailed in the eMethods in
Supplement 1.

Procedures
The primary objective was to determine the MTD or recom-
mended phase 2 dose of alpelisib, plus fulvestrant. Second-
ary objectives included safety, pharmacokinetics, and prelimi-
nary efficacy (overall response rate: complete response and
partial response as best reported response per Response Evalu-
ation Criteria in Solid Tumors, version 1.0, and PFS at MTD or
recommended phase 2 dose) of alpelisib plus fulvestrant. For
dose escalation, patients received increasing doses of oral
alpelisib once daily, starting at 300 mg, continuously in
28-day cycles, with fixed-dose, intramuscular fulvestrant,
500 mg, administered on days 1 and 15 of cycle 1 and day 1 of
each subsequent cycle. Alpelisib dose escalation was guided
by a Bayesian logistic regression model with overdose control.17

For dose expansion, patients received alpelisib at the MTD plus
fulvestrant. Alpelisib was administered after a light breakfast
(eMethods in Supplement 1). Treatment continued until dis-
ease progression, unacceptable toxic effects, death, or discon-
tinuation for any other reason. Dose adjustments (≤2 dose re-
ductions up to the lowest alpelisib dose tested) and
interruptions (≤21 days) were permitted to manage AEs. Rou-
tine laboratory assessments were conducted at baseline and
at regular intervals (eMethods in Supplement 1). Pharmacoki-
netic and pharmacodynamic profiling are described in the
eMethods in Supplement 1. PIK3CA alteration status was as-
sessed locally at screening. Archival or fresh tumor biopsy
samples were assessed independently using next-generation
sequencing (eMethods in Supplement 1).

Key Points
Question Is alpelisib, an oral α-specific phosphatidylinositol-3-
kinase inhibitor, plus fulvestrant tolerable, and is there evidence of
differential activity in patients with PIK3CA-altered vs
PIK3CA-wild-type, estrogen receptor–positive advanced breast
cancer that has progressed during or after antiestrogen therapies?

Findings In this phase 1b clinical trial of 87 women, alpelisib plus
fulvestrant had a manageable safety profile with the alpelisib
maximum tolerated dose of 400 mg and a recommended phase 2
dose of 300 mg once daily. Median progression-free survival was
longer (9.1 vs 4.7 months) and objective response rate was higher
(29% vs 0%) in patients with PIK3CA-altered vs PIK3CA-wild-type
tumors.

Meaning Oral α-specific phosphatidylinositol-3-kinase inhibition
is a promising treatment strategy in estrogen receptor–positive
PIK3CA-altered advanced breast cancer.
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Statistical Analysis
The MTD was declared as the alpelisib dose with the highest
probability of the dose-limiting toxic effect (DLT) rate in
cycle 1 falling within the target toxicity range of 16% to 33%,
without exceeding the overdose criterion (<25% probability
of DLT rate ≥33%; evaluated in the dose-determining set,
composed of all patients in the safety set who experienced a
DLT in cycle 1 and those who received alpelisib for ≥21 days,
were observed for ≥28 days, and underwent the required
safety evaluations for cycle 1) (eMethods in Supplement 1).
Dose-limiting toxic effects were defined as prespecified AEs
or laboratory abnormalities that may have been associated
with study treatment and occurred fewer than 28 days fol-
lowing the first alpelisib dose (cycle 1). Dose-limiting toxic
effects were considered clinically relevant and unrelated to
underlying disease, disease progression, intercurrent ill-
ness, or concomitant medications.

The safety set comprised all patients who received at
least 1 dose of alpelisib or fulvestrant and had at least 1 post-
baseline safety assessment. The full analysis set comprised
all patients who received at least 1 dose of alpelisib or ful-
vestrant. The Kaplan-Meier method was used to estimate
mPFS. SAS, version 9.4 (SAS Institute Inc) was used for data
analysis.

Results

Baseline Characteristics
Between October 5, 2010, and March 22, 2017, 87 patients from
10 centers in 5 countries were allocated to receive study treat-
ment (Table 1 and Figure 1). Patients received a median of 5 prior
antineoplastic therapies, including everolimus in 21 patients
(24%) and fulvestrant in 39 (45%). Fifty-two patients (60%) had
PIK3CA-altered tumors, 33 (38%) had PIK3CA-wild-type tu-
mors, and 2 (2%) had unknown PIK3CA status owing to tech-
nical issues.

Patient Disposition
At data cutoff (March 22, 2017), treatment was ongoing for
2 patients (2%) who received alpelisib plus fulvestrant from
baseline. Treatment was also ongoing for 1 patient who re-
ceived single-agent alpelisib, 400 mg, for 28 weeks before
switching to receive alpelisib, 400 mg, plus fulvestrant; this
case was not included in the main analysis. The primary rea-
sons for discontinuation were disease progression (65 [75%]),
AEs (9 [10%]), withdrawal of consent (6 [7%]), administrative
problems (2 [2%]), abnormal test procedure results, investi-
gator decision, and loss to follow-up (1 each [1%]).

Table 1. Patient Characteristics at Baseline

Characteristic

Alpelisib Dose Level Plus Fulvestrant, 500 mg

300 mg Once
Daily (n = 9)

350 mg Once
Daily (n = 8)

400 mg Once
Daily (n = 70)

All Patients
(N = 87)

Age, median (range), y 56 (39-73) 55 (43-65) 59 (37-79) 58 (37-79)

ECOG performance status, No. (%)

0 4 (44) 3 (38) 32 (46) 39 (45)

1 5 (56) 5 (63) 36 (51) 46 (53)

2 0 0 1 (1) 1 (1)

Missing 0 0 1 (1) 1 (1)

Breast cancer stage at initial diagnosis, No. (%)

0 0 0 1 (1) 1 (1)

I/Ia 2 (22) 2 (25) 7 (10) 11 (13)

II/IIa/IIb/IIc 2 (22) 1 (13) 29 (41) 32 (37)

III/IIIa/IIIb/IIIc 0 1 (13) 11 (16) 12 (14)

IV 4 (44) 1 (13) 18 (26) 23 (26)

Missing 1 (11) 3 (38) 4 (6) 8 (9)

No. of metastatic sites, median (range) 3 (1-5) 3 (1-5) 3 (1-8) 3 (1-8)

Time between initial diagnosis and study
treatment initiation, median (range), mo

62 (9-176) 106 (20-292) 94 (12-349) 93 (9-349)

No. of prior antineoplastic therapies, median
(range)

6 (1-11) 5 (2-7) 5 (1-16) 5 (1-16)

Prior mTOR inhibitor, No. (%) 1 (11) 2 (25) 18 (26) 21 (24)

Prior fulvestrant, No. (%) 5 (56) 6 (75) 28 (40) 39 (45)

Prior chemotherapy, No. (%) 7 (78) 6 (75) 66 (94) 79 (91)

Locally assessed PIK3CA status, No. (%)

Altered (mutation/amplification) 9 (100) 8 (100) 35 (50) 52 (60)

Wild type 0 0 33 (47) 33 (38)

Unknown 0 0 2 (3) 2 (2)

Abbreviations: ECOG, Eastern
Cooperative Oncology Group; mTOR,
mammalian target of rapamycin.
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Maximum Tolerated Dose
In the dose-escalation phase, 23 of 28 patients (82%) were
evaluable for MTD determination (alpelisib, 300 mg [n = 4],
350 mg [n = 4], 400 mg [n = 10]). Alpelisib dose was esca-
lated from 300 to 400 mg once daily. Additional patients were
then enrolled at 300-mg (n = 5) and 350-mg (n = 4) dose lev-
els to further investigate safety of the combination. No DLTs
were reported with alpelisib, 300 or 350 mg, once daily in the
dose-escalation phase. One of 10 patients who received
alpelisib, 400 mg, once daily in the dose-determining set ex-
perienced multiple DLTs of diarrhea (grade 2), vomiting, fa-
tigue, and decreased appetite (all grade 3). Alpelisib, 400 mg,
plus fulvestrant fulfilled the dose escalation with overdose con-
trol criterion with a 28% probability of DLTs within the target
toxicity range. Doses of alpelisib larger than 400 mg once daily
plus fulvestrant were not investigated as they were above the
single-agent MTD of alpelisib. In the dose-expansion phase,
45 of 59 patients (76%) who received alpelisib, 400 mg, once
daily plus fulvestrant met the dose-determining set criteria.
Dose-limiting toxic effects were reported in 5 (11%) of these
45 patients: grade 4 hyperglycemia in 1 (2%) and grade 3 rash
in 4 (9%). The MTD of alpelisib plus fulvestrant was 400 mg
once daily.

Safety and Tolerability
Eighty-seven patients received alpelisib once daily at 300 to
400 mg, plus fulvestrant 300 mg (n = 9), 350 mg (n = 8), or
400 mg (n = 70). Eighty-three patients had ER+, HER2– breast
cancer, 3 had ER+, HER2+ breast cancer, and 1 had ER–, HER2–
breast cancer. The median duration of exposure to alpelisib was

20 weeks (range, 4-208 weeks). The most frequent AEs
(all grade, all causality) were diarrhea (52 [60%]), nausea
(46 [53%]), and hyperglycemia (44 [51%]) (Table 2). In most pa-
tients, diarrhea was grade 1/2; only 4 patients (5%) experi-
enced a grade 3 event. Skin and subcutaneous tissue disor-
ders were reported in 56 patients (64%). The most frequent
all-causality grade 3/4 AEs were hyperglycemia (19 [22%]),
maculopapular rash (11 [13%]), and rash (7 [8%]), and were ob-
served mainly in patients who received alpelisib, 350 or
400 mg, once daily plus fulvestrant (Table 2). Hyperglycemia
and rash were managed with concomitant medications (eg, oral
antidiabetic medications for hyperglycemia; antihistamines
and/or corticosteroids for rash), dose adjustment, or tempo-
rary interruption.

Of the 87 patients in the full analysis set, 60 individuals
(69%) experienced AEs requiring dose modifications (inter-
ruptions or reductions). For alpelisib, 300 vs 400 mg once daily
(both plus fulvestrant), lower rates of dose modifications (33%
vs 71%, respectively) and discontinuations (0% vs 13%, respec-
tively) were observed. Twenty-two patients (25%) required
dose modifications owing to hyperglycemia and 11 (13%) ow-
ing to rash. Nine of 87 patients (10%) permanently discontin-
ued treatment owing to AEs (all received alpelisib 400 mg once
daily). There were 5 deaths during treatment (4 from disease
progression and 1 of unknown causes 9 days after a com-
puted tomographic scan revealed progressive disease); all of
the patients received alpelisib 400 mg once daily plus fulves-
trant; none of the deaths were suspected to be study treat-
ment related.

Pharmacokinetics
Exposure (24-hour area under the curve) to alpelisib, 300 and
350 mg, once daily plus fulvestrant was similar to single-
agent alpelisib at the same doses in a fed state (eTable 2 in
Supplement 1). Concentration–time profiles were similar across
doses (eFigure 1 in Supplement 1). At steady state (cycle 1, day
8), median peak serum concentration and 24-hour area un-
der the curve values were approximately 35% for alpelisib,
400 mg, once daily plus fulvestrant compared with 400-mg
single-agent alpelisib; this association was not observed at
lower doses (eFigure 2 in Supplement 1). There was greater vari-
ability in peak serum concentration and 24-hour area under
the curve among patients receiving alpelisib, 400 mg once daily
(with or without fulvestrant) than at lower doses (eTable 2 in
Supplement 1). At steady state, pharmacokinetic parameters
were largely consistent for alpelisib, 300 to 400 mg, once daily
when administered with fulvestrant vs alpelisib alone at the
same doses (eTable 2 in Supplement 1). No dose-dependent as-
sociation was observed in maximum-fold change from base-
line over cycle 1 for any pharmacodynamic parameter (C-
peptide, insulin, or glucose levels) (eFigure 3 in Supplement 1).

Eighty-one patients with ER+, HER2– disease were
evaluable for response. The overall response rate among the
49 patients (60%) with PIK3CA-altered tumors receiving
alpelisib, 300 to 400 mg, once daily plus fulvestrant was
29% (95% CI, 17%-43%). No objective responses were
observed in the 32 patients (40%) with PIK3CA-wild-type
tumors (eTable 3 in Supplement 1).

Figure 1. Patient Enrollment and Disposition

98 Patients assessed for eligibility

2 Patients with ongoing treatment

11 Excluded
5 Unacceptable laboratory value

3 Other reason

2 Intercurrent medical event
1 Did not meet diagnostic/severity criteria

87 Allocated to treatment

8 Received 350 mg alpelisib once daily

87 Received treatment
28 In the dose-escalation part

9 Received 300 mg alpelisib once daily

11 Received 400 mg alpelisib once daily
59 Patients enrolled in the dose-expansion part

85 Discontinued treatment
65 Disease progression

2 Administrative problems

9 Adverse events
6 Patients withdrew consent

1 Investigator decision

1 Loss to follow-up
1 Abnormal test procedure result

Between October 10, 2010, and March 22, 2017, this open-label, phase 1b study
screened 117 patients for eligibility, 87 of whom were enrolled and received
treatment with alpelisib plus fulvestrant.
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Clinical Activity
The mPFS at the alpelisib MTD (400 mg once daily) plus ful-
vestrant was 5.4 months (95% CI, 4.6-9.0 months). mPFS of
alpelisib 300 to 400 mg once daily plus fulvestrant was nu-
merically longer in patients with PIK3CA-altered (9.1 months;
95% CI, 6.6-14.6 months) vs wild-type tumors (4.7 months; 95%
CI, 1.9-5.6 months) (Figure 2; eTable 3 in Supplement 1). The
mPFS was numerically longer in patients with PIK3CA-
altered tumors who were mTOR inhibitor-naive (6.7 months;
range, 1.0-39.6 months) vs mTOR inhibitor-pretreated (6.5
months; range, 0.5-49.5 months), and in those with PIK3CA-
wild-type tumors who were mTOR inhibitor-naive (2.4 months;

range, 0.6-36.8 months) vs mTOR pretreated (3.0 months;
range, 0.3-5.7 months).

Tumor Response
Eight patients continued treatment for more than 2 years
(range, 123-208 weeks). Of these patients, 6 received alpelisib,
400 mg, once daily plus fulvestrant, 1 received alpelisib,
350 mg, once daily plus fulvestrant, and 1 received alpelisib,
400 mg, once daily alone for 28 weeks before switching to com-
bination treatment (at the data cutoff point, this patient was
still receiving treatment, with the most recent follow-up at
136 weeks) (eFigure 4 in Supplement 1). Six of these 8 pa-

Table 2. Adverse Events Reported in ≥20% of Patients Regardless of Causalitya

Adverse Event

No. (%)

300 mg Once Daily (n = 9) 350 mg Once Daily (n = 8) 400 mg Once Daily (n = 70)

All-Grade Grade 3/4 All-Grade Grade 3/4 All-Grade Grade 3/4
Nausea 5 (56) 0 6 (75) 0 35 (50) 0

Diarrhea 5 (56) 0 6 (75) 1 (13) 41 (59) 3 (4)

Hyperglycemia 4 (44) 1 (11) 5 (63) 2 (25) 34 (49) 16 (23)

Fatigue 4 (44) 0 7 (88) 0 25 (36) 3 (4)

Dysgeusia 4 (44) 0 1 (13) 0 14 (20) 0

Vomiting 3 (33) 0 4 (50) 0 23 (33) 2 (3)

Stomatitis 3 (33) 0 3 (38) 0 19 (27) 1 (1)

Headache 3 (33) 0 3 (38) 0 11 (16) 0

Rash 3 (33) 0 4 (50) 1 (13) 10 (14) 6 (9)

Dizziness 3 (33) 0 2 (25) 0 6 (9) 0

Decreased appetite 2 (22) 0 4 (50) 0 33 (47) 1 (1)

Arthralgia 2 (22) 0 2 (25) 0 13 (19) 0

Increased AST 2 (22) 0 2 (25) 0 11 (16) 5 (7)

Anemia 2 (22) 0 1 (13) 0 13 (19) 2 (3)

Constipation 2 (22) 0 1 (13) 0 10 (14) 0

Amylase level increased 2 (22) 0 0 0 1 (1) 0

Rhinorrhea 2 (22) 0 0 0 1 (1) 0

Muscle spasms 1 (11) 0 5 (63) 0 7 (10) 0

Upper respiratory tract infection 1 (11) 0 3 (38) 0 10 (14) 0

Pruritus 1 (11) 0 3 (38) 0 10 (14) 2 (3)

Asthenia 1 (11) 0 3 (38) 0 7 (10) 0

Dry skin 1 (11) 0 2 (25) 0 13 (19) 0

Alopecia 1 (11) 0 2 (25) 0 11 (16) 0

Dry mouth 1 (11) 0 2 (25) 0 6 (9) 0

Hypomagnesemia 1 (11) 0 2 (25) 0 3 (4) 0

Abdominal pain 0 0 4 (50) 0 9 (13) 1 (1)

Weight decreased 0 0 3 (38) 0 11 (16) 0

Pyrexia 0 0 3 (38) 0 9 (13) 0

Thirst 0 0 3 (38) 0 0 0

Musculoskeletal pain 0 0 2 (25) 0 8 (11) 0

Dehydration 0 0 2 (25) 0 5 (7) 1 (1)

Dyspepsia 0 0 2 (25) 0 2 (3) 0

Erythema 0 0 2 (25) 0 3 (4) 0

Flushing 0 0 2 (25) 0 1 (1) 0

Cough 0 0 1 (13) 0 17 (24) 0

Rash (maculopapular) 0 0 2 (25) 2 (25) 17 (24) 9 (13)

Abbreviation: AST, aspartate aminotransferase.
a There were 5 deaths during treatment, all in patients receiving alpelisib, 400

mg, once daily plus fulvestrant. None of the during-treatment deaths were
suspected as study treatment related.
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tients had PIK3CA-altered tumors (exon 9 [n = 2], exon 20
[n = 3], and P366R mutation [n = 1]), 1 had a PIK3CA-wild-
type tumor, and 1 had indeterminate PIK3CA status. Twenty-
seven patients had centrally confirmed PIK3CA mutations of
known functional significance in exons 7, 9, 10, and 20; 20 pa-
tients had single mutations and 7 had compound mutations.
The most frequent PIK3CA mutations in exons 9 and 20 at base-
line were Glu545Lys (n = 6) and His1047Arg (n = 7), respec-
tively. Two of the 8 patients receiving treatment for more than
2 years had ER+, HER2+ cancers. All but 1 patient had re-
ceived prior endocrine therapies in the metastatic setting, and
3 had also received prior treatment with an mTOR inhibitor with
initial response (eTable 4 in Supplement 1). Two patients
achieved partial responses after prior mTOR treatment and
stayed in the study for 178 and 208 weeks; the latter patient
had the longest duration of treatment with an objective re-
sponse in the study. Overall, duration of exposure to study
treatment ranged from 4 to 208 weeks (4 years); at the data
cutoff point, 3 patients continued treatment between 31 and
48 months.

Of 40 patients with ER+, HER2– breast cancer and mea-
surable target lesions per Response Evaluation Criteria in Solid
Tumors, version 1.0, 33 (83%) achieved tumor shrinkage
(Figure 3). Of 31 patients with measurable disease and samples
containing somatic genetic alterations of known or likely sig-
nificance on central assessment, 25 (81%) achieved some
shrinkage (eFigure 5 in Supplement 1). Robust analysis of cen-
trally, next-generation sequencing–assessed PIK3CA muta-
tion status and tumor response was not feasible because of lim-
ited patient numbers (eTables 5-7 in Supplement 1).

Discussion
This study demonstrates that alpelisib plus fulvestrant has a
manageable safety profile and encouraging clinical activity in
patients with ER+ ABC. The MTD of alpelisib in this combina-
tion was 400 mg once daily, equivalent to that established for
single-agent alpelisib in patients with advanced solid tumors.15

Alpelisib, 300 mg, once daily was chosen for subsequent stud-
ies based on similar clinical activity across dose levels and fewer
dose modifications. This dose is the same as the MTD for
alpelisib plus letrozole in patients with ER+, HER2– meta-
static breast cancer.9

The most frequently observed AEs in patients receiving
alpelisib plus fulvestrant included hyperglycemia, fatigue, and
low-grade gastrointestinal tract toxic effects, consistent with
AEs observed with single-agent alpelisib15 or alpelisib plus
letrozole.9 Hyperglycemia is an on-target effect of PI3K inhi-
bition linked to the role of PI3K/mTOR pathway signaling in
glucose homeostasis.18 Hyperglycemia was successfully man-
aged in this study with dose interruptions and antidiabetic
medications. At 300 to 400 mg once daily, the frequency of
treatment-related, all-grade hyperglycemia with alpelisib plus
fulvestrant (49%) was similar to that with single-agent alpelisib
(53%).15 The incidence of maculopapular rash with the alpelisib
MTD (400 mg once daily) plus fulvestrant was 24%. The inci-
dence of maculopapular rash with alpelisib, 300 mg, once daily
plus letrozole was 45%,9 and with buparlisib plus fulves-
trant, 32%.12 These data suggest that skin may be sensitive to
combined PI3K inhibition with endocrine therapy, possibly due
to trophic effects of both pathways on the skin.19 Rash was suc-
cessfully managed with use of antihistamines or topical and/or
systemic corticosteroids in most patients.

Part of the rationale to study the PI3Kα-specific inhibitor
alpelisib was the hypothesis that targeting a single PI3K iso-
form may allow for higher doses with fewer AEs than pan-
PI3K inhibitors. Alpelisib does not appear to be associated with
certain AEs that are seen with buparlisib, such as anxiety and
depression or increased aminotransferase levels.12,13 Al-
though results of different trials cannot directly be com-
pared, the rate of grade 3/4 AEs in the present study was simi-
lar to that reported with fulvestrant plus buparlisib or
pictilisib.13,20 However, the AE-related discontinuation rate was
lower with alpelisib plus fulvestrant (10%) than reported with
buparlisib (21%), suggesting greater tolerability.13

Exposure to alpelisib once daily at 300 or 350 mg plus ful-
vestrant was largely unchanged vs alpelisib alone at the same

Figure 2. Progression-Free Survival in Patients With PIK3CA-Altered and PIK3CA-Wild-Type Tumors
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doses. Exposure to alpelisib at 400 mg plus fulvestrant was
lower than alpelisib alone, possibly owing to the increased
variation in the range of pharmacokinetic parameters at this
dose. Based on the available information on fulvestrant and
our understanding of alpelisib clearance,21 we do not con-
sider that a pharmacokinetic interaction between alpelisib and
fulvestrant occurred.

The numerically higher clinical activity observed in patients
with PIK3CA-altered tumors vs those with PIK3CA-wild-type tu-

mors (mPFS, 9.1 vs 4.7 months) is consistent with a previous
report22 and may represent a novel biomarker to predict response
to alpelisib. It is also consistent with the higher preclinical activ-
ityofalpelisibincell linesharboringPIK3CAalterations.22,23 Some
patientsinthisstudycontinuedreceivingtreatmentformorethan
2 years, including mTOR inhibitor–pretreated patients and those
with visceral metastases, and most of these patients had PIK3CA-
altered tumors. One patient in this group had PIK3CA-wild-type
cancer, and another had indeterminate PIK3CA status. The ob-

Figure 3. Best Percentage Change From Baseline in Sum of Longest Diameters and Best Overall Response in Patients With Estrogen Receptor–Positive
Human Epidermal Growth Factor Receptor 2–Negative Advanced Breast Cancer
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served increased benefit with alpelisib in PIK3CA-altered vs wild-
type tumors is consistent with the significant improvement in
PFS observed in patients with PIK3CA-altered vs wild-type HR+,
HER2– breast cancer treated with buparlisib, although none of
these studies were designed to be biomarker driven and results
must be interpreted with caution.12,13 Randomized studies are
needed to conclusively evaluate the role of PIK3CA alterations
in selecting patients for combined treatment with α-specific PI3K
inhibitors and fulvestrant, with repeated testing owing to ob-
served changes in PIK3CA mutation status over time.24 The on-
going phase 3 Clinical Studies of Alpelisib in Breast Cancer-1
(SOLAR-1) study of alpelisib with fulvestrant includes evaluation
of PIK3CA status based on circulating tumor DNA and tumor tis-
sue to identify patients with HR+, HER2– ABC who may derive
the greatest benefit from alpelisib plus fulvestrant.25

Limitations
This study has limitations. This was a nonrandomized trial de-
signed to assess the preliminary safety and efficacy of the com-

bination of alpelisib and fulvestrant only. As such, this trial was
not powered to detect statistically significant differences
between patient groups and no standard-of-care comparator
was used.

Conclusions
Alpelisib plus fulvestrant has a manageable safety profile in
patients with ER+ ABC, and encouraging clinical activity in pa-
tients with PIK3CA-altered vs wild-type tumors. In the era of
precision medicine, α-specific PI3K inhibitors represent a po-
tentially valuable addition to the ER+ ABC treatment land-
scape. Additional studies with alpelisib plus endocrine therapy,
including the ongoing phase 3 SOLAR-1 study and the phase 2
study of alpelisib (BYL719) in patients with PIK3CA-mutant,
HR+, HER2–advanced breast cancer progressing on or after
cyclin-dependent kinase 4/6 inhibitor therapy (BYLieve), will
define the role of alpelisib in ABC.
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