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Summary
Background Hyperglycaemia is an early and frequent adverse event during alpelisib treatment. METALLICA aimed to
evaluate prophylactic metformin to prevent or reduce hyperglycaemia occurrence in patients with HR+/HER2−/
PIK3CA-mutated advanced breast cancer (ABC).

Methods Between August 13th, 2020 and March 23rd, 2022, this 2-cohort, phase 2, multicentre, single-arm trial
(NCT04300790) enrolled patients with HR+/HER2−/PIK3CA-mutated ABC: cohort A, normal glycaemia (fasting
plasma glucose <100 mg/dL [<5.6 mmol/L] and HbA1c <5.7%), and cohort B, prediabetes (fasting plasma glucose
100–140 mg/dL [5.6–7.8 mmol/L] and/or haemoglobin A1C [HbA1c] 5.7–6.4%). Participants were at least 18 years
old, with Eastern Cooperative Oncology Group performance status of 0–1, and up to two prior lines of endocrine
therapy (ET) for ABC. Alpelisib plus ET were administered in 28-day cycles after initiation of prophylactic
metformin plus ET. Primary endpoint was the incidence of grade 3–4 hyperglycaemia over the first 8 weeks.
Secondary endpoints included safety, progression-free survival (PFS), objective response rate (ORR), and clinical
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benefit rate (CBR). The primary objective for cohort A and B is met with ≤7 (14.6%) and ≤4 (20%) patients with grade
3–4 hyperglycaemia over the first 8 weeks, respectively.

Findings 233 patients were screened, and 68 (20.2%) patients were enrolled in cohorts A (n = 48) and B (n = 20).
Median follow-up was 7.8 months (IQR 1.4–19.6). Over the first 8 weeks, one (2.1%) of 48 patients in cohort A (95%
CI: 0.5–11.1; P < 0.0001), and three (15.0%) of 20 patients in cohort B (95% CI: 5.6–37.8; P = 0.016) had grade 3–4
hyperglycaemia. Serious treatment-related adverse events occurred in seven patients (10.3%). The most common
were rash (two [2.9%]), vomiting (two [2.9%]), and diarrhoea (two [2.9%]). Discontinuation of alpelisib caused by
AEs was reported in nine patients (13.2%), none caused by hyperglycaemia. At data cutoff (15 June, 2022), no
treatment-related deaths were observed. In the full analysis set, median PFS was 7.3 months (95% CI: 5.9–not
reached), ORR was 20.6% (95% CI: 11.7–32.1%), and CBR was 52.9% (95% CI: 40.4–65.2).

Interpretation In HR+/HER2−/PIK3CA-mutated ABC, prophylactic metformin before alpelisib plus endocrine
treatment has low incidence and severity of alpelicib-induced hyperglycaemia.

Funding Novartis Pharmaceuticals.

Copyright © 2024 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Keywords: Alpelisib; Hyperglycaemia; Prophylactic metformin; HR+/HER2−/PIK3CA-mutated advanced breast
cancer
Research in context

Evidence before this study
Hyperglycaemia was one of the most frequent adverse events
reported in previous studies (SOLAR-1 and BYLieve) using
alpelisib plus endocrine therapy (ET) to treat hormone
receptor-positive (HR+)/HER2−/PIK3CA-mutated advanced
breast cancer (ABC). Grade 3–4 hyperglycaemia occurred in
approximately a third of patients in the previous trials and
frequently led to treatment discontinuation or dose
modifications, which could negatively impact the potential
clinical benefit for the patients.

Added value of this study
In METALLICA, the addition of prophylactic metformin to
alpelisib plus ET significantly reduced the incidence rate of

hyperglycaemia in HR+/HER2−/PIK3CA-mutated ABC patients,
both with normal glycaemia or prediabetes status at baseline.
No patient discontinued treatment because of
hyperglycaemia events. The incidence of diarrhoea was higher
in this study (any-grade and grade ≥3) than in SOLAR-1 and
BYLieve; however, this was not unexpected, given that
metformin is associated with this adverse event.

Implications of all the available evidence
Our findings support the use of prophylactic metformin in
HR+/HER2− ABC patients with PIK3CA-mutation who receive
alpelisib plus ET, especially in those with prediabetes, to
prevent or minimise hyperglycaemia occurrence and, thus,
sustain treatment continuation.
Introduction
Breast cancer is the most frequently diagnosed cancer in
women and the second leading cause of cancer deaths
among them.1 Most breast cancer diagnosis are of the
hormone receptor-positive (HR+)/human epidermal
growth factor receptor 2-negative (HER2−) type.2 The
treatment landscape for patients with HR+/HER2−
advanced breast cancer (ABC) changed with the intro-
duction of cyclin-dependent kinase 4/6 inhibitors (CDK4/
6i), which significantly improved progression-free sur-
vival (PFS) and provided consistent overall survival (OS)
benefit when combined with endocrine therapy (ET).3,4

Accordingly, CDK4/6i plus ET is currently the first-line
standard of care.5–7 However, patients often develop
resistance to therapy through various mechanisms,
including hyperactivation of the phosphatidylinositol 3-
kinase (PI3K) pathway, caused frequently by mutations
in PIK3CA,3,8 which occur in approximately a third of
patients with HR+/HER2– breast cancer.9–11

Patients with HR+/HER2−/PIK3CA-mutated ABC can
be treated with alpelisib plus fulvestrant after progression
on ET.5–7 Alpelisib is a specific small-molecule inhibitor of
the protein PI3K-α, encoded by the gene PIK3CA.12,13 It led
to a statistically significant and clinically meaningful PFS
benefit when combined with fulvestrant to treat patients
with HR+/HER2−/PIK3CA-mutated ABC in the pivotal
phase 3 SOLAR-1 trial.14,15 In SOLAR-1, few patients had
been previously treated with CDK4/6i, as this was not the
standard of care at the time of study recruitment; the
phase 2 BYLieve trial demonstrated treatment benefit of
alpelisib plus ET in patients who had progressed on or
after CDK4/6i-based therapy.16
www.thelancet.com Vol 71 May, 2024
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The main concerns regarding alpelisib toxicity profile
are hyperglycaemia, diarrhoea, and rash, which are on-
target effects that may require dose adjustments and
sometimes lead to permanent discontinuation of treat-
ment.12,13 Specifically, grade 3–4 hyperglycaemia was the
most common severe adverse event reported in patients
treated with alpelisib plus fulvestrant both in SOLAR-1
(36.6%) and BYLieve cohort A (28.3%). It was
frequently managed with metformin,16,17 a glucose-
lowering agent used to treat diabetes and prevent or
delay it in patients with prediabetes.18–20 Metformin, like
alpelisib, is associated with diarrhoea.12,13,21

It has been previously reported that the prophylactic
use of drugs in combination with anti-cancer therapy
can decrease the incidence and severity of adverse
events and, therefore, reduce treatment discontinuation
or dose interruption/reduction.22,23 Consequently, we
hypothesised that prophylactic use of metformin might
be useful in reducing hyperglycaemia when treating
patients with alpelisib plus ET.21 We evaluated the effi-
cacy and safety of prophylactic metformin to decrease
grade 3 and 4 hyperglycaemia when using alpelisib plus
ET to treat patients with HR+/HER2–/PIK3CA-mutated
ABC and normal fasting plasma glucose (FPG) or pre-
diabetes. Here we present the primary endpoint results
of the phase 2 METALLICA trial.
Methods
Study design and participants
METALLICA is an ongoing, single-arm, open-label,
phase 2 trial conducted following a Simon’s two-stage
design across 18 sites in Spain. Eligible patients were
the following: men or women aged 18 years or
older with PIK3CA-mutated, histologically confirmed
HR+/HER2− ABC (ABC defined as metastatic disease
or loco-regionally recurrent disease not amenable to
curative therapy)24; with Eastern Cooperative Oncology
Group (ECOG) performance status of 0 or 1; with up to
two prior lines of ET and up to one prior chemotherapy-
containing regimen for ABC; and with adequate
hematologic and organ function.

The key exclusion criteria were prior treatment with
a PI3K, protein kinase B (AKT), or mammalian target of
the rapamycin (mTOR) inhibitor; diagnosis of type I or
II diabetes mellitus requiring antidiabetic drugs; lung-
specific clinically significant illness within three
months prior to study initiation; and Child–Pugh score
B or C. Full inclusion and exclusion criteria are available
in the protocol (Appendix 1 pp 47–51).

Patients were enrolled into two cohorts according to
their glycaemic status: cohort A comprised patients with
normal glycaemia (FPG <100 mg/dL and haemoglobin
A1C [HbA1c] <5.7%); cohort B comprised patients with
glycemic criteria of prediabetes (FPG 100–140 mg/dL and/
or HbA1c 5.7%–6.4%). Patients will be followed-up for at
least 12 months after the last patient initiates treatment.
www.thelancet.com Vol 71 May, 2024
Ethics
This study was conducted in compliance with the
Declaration of Helsinki and was approved an indepen-
dent ethics committee at Fundacion of Valencian
Institute of Oncology, Valencia, Spain (#10–20). The
approval for this study was granted by Spanish Agency
for Medicines and Health Products, Madrid, Spain. All
patients provided written informed consent at
enrolment.

Procedures
All patients were treated with alpelisib plus ET and
prophylactic metformin. Alpelisib was administered
orally at a starting dose of 300 mg once daily in 28-day
cycles. ET chosen by the physician was one of the
following: fulvestrant (500 mg, intramuscular injection
every two weeks during the first month, and every four
weeks thereafter); letrozole (2.5 mg, orally, once daily);
or exemestane (25 mg, orally, once daily). Treatment
with a luteinising hormone-releasing hormone analogue
was required at least one week prior to study entry for
men and pre- and peri-menopausal women. Metformin
was orally administered at an initial dose of 500 mg
twice daily; after three days, if no gastrointestinal intol-
erance occurred, the dose was increased to 1000 mg
twice a day. In the first cycle, metformin and ET were
administered one week prior to initiating alpelisib. Pa-
tients received study treatment (alpelisib plus ET) until
disease progression, unacceptable toxicity, elective
withdrawal from the study, death, or study completion
(Figure S1).

Glycaemia was monitored combining laboratory
assessment of FPG (at screening, days 1 and 8 of cycle
1, and day 1 of every subsequent cycle) and capillary
self-monitoring blood glucose (SMBG). SMBG was con-
ducted six times per day on day 8 of cycle 1 and day 1 of
cycle 2; four times per day on days 9 and 10 of cycle 1 and
days 2 and 3 of cycle 2; and once per day (fasting, before
breakfast) on days 11–15 and 21 of cycle 1 and days 4–8,
15, and 21 of cycle 2. Patients were instructed to contact
the treating physician if fasting blood glucose levels were
≥160 mg/dL. Complete details on glycaemia monitoring
are available in the protocol (Appendix 1 pp 54).

Tumour assessments were conducted every 8 weeks
from the first dose of study treatment for the first six
months and, thereafter, every 12 weeks until the EoS
with computed tomography (CT) or magnetic resonance
imaging (MRI) of the chest, abdomen, and pelvis
following Response Evaluation Criteria In Solid Tumors
(RECIST) v.1.1 until disease progression, elective with-
drawal of consent, loss to follow-up, patient decision, or
death. Bone scans were conducted at baseline and, if
bone lesions were identified, repeated every 24 weeks.
Brain MRI was performed in patients with known brain
metastases prior to study initiation and repeated every
12 weeks. CT or MRI of other metastatic sites were
performed if clinically indicated. Laboratory tests were
3
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performed on days 1 and 14 of the first two cycles after
alpelisib start and on day 1 after alpelisib start of sub-
sequent cycles. Vital signs were assessed on day 1 of
every cycle. Common Terminology Criteria for Adverse
Events (CTCAE) v.4.03 was used to grade toxicity. In the
event of treatment discontinuation, safety and survival
follow-up were conducted until loss to follow-up, with-
drawal of consent, death, or study termination by the
sponsor.

Outcomes
The primary endpoint was the incidence rate of patients
who had grade 3–4 hyperglycemia per CTCAE v.4.03,
reported as an adverse event with an accompanying
grade 3–4 FPG or fasting SMBG value, in the first 8
weeks (two cycles) for cohorts A and B.

Secondary safety endpoints reported here are grade
3–4 hyperglycaemia in patients treated with fulvestrant
as the ET partner, any-grade and grade 3–4 adverse
events (including hyperglycaemia, diarrhoea, and rash)
in all patients per CTCAE v.4.03 until data cutoff, and
rate of patients with dose reductions, delays, and dis-
continuations for alpelisib and metformin until data
cutoff. The secondary efficacy endpoints reported here
were investigator-assessed PFS, objective response rate
(ORR) and clinical benefit rate (CBR), without confir-
mation criteria, and time to progression (TTP) per
RECIST v.1.1. Analysis of other secondary endpoints
(grade 3–4 hyperglycaemia by endocrine agent received
and safety per CTCAE v.5.0, among others) is underway
and will be reported separately. The complete list of
endpoints is available in the protocol (Appendix 1 pp
36–38).

Statistics
Safety and efficacy were assessed in all participants in
cohorts A and B who received at least one dose of study
treatment (full analysis set). The study was based on a
Simon’s two-stage designed to attain an 80% power with
48 patients enrolled in cohort A (admissible design
corrected with a 10% dropout rate) and 20 patients in
cohort B (minimax design). The one-sided type I error
was 0.05 for each cohort. The overall family wise error
was 10%. The analyses for cohort A and B were planned
to test the null hypotheses that the true rate (r) of pa-
tients with grade 3–4 hyperglycaemia was ≥25% and
≥40%, respectively, over the first 8 weeks. These
thresholds were selected based on the hyperglycaemia
rates observed in SOLAR-114 and BYLieve.16 The alter-
native hypotheses for cohorts A and B were a true
rate for primary endpoint of at most 10% and 15%,
respectively. The rate of patients without hyper-
glycaemia (100-r) was used to calculate the sample size
and to estimate the primary endpoint. Interim analyses
were planned with 20 patients for cohort A and 7 pa-
tients for cohort B. The study would continue to the
second stage if ≤3 (15%) and ≤2 (28.6%) patients with
grade 3–4 hyperglycaemia were observed in cohorts A
and B, respectively. No patient with grade 3–4 hyper-
glycemia was observed at interim analysis. The analysis
of the primary endpoint was conducted in the full
analysis set and in patients treated with fulvestrant as
the ET partner. We assumed a 10% drop-out rate for
cohort A and the expected sample size (n = 43) was
increased to 48 patients; the drop-out rate was not
applied in cohort B, given their higher risk of hyper-
glycaemia. The p-values and 95% CI for primary
endpoint analysis were calculated following the method
developed by Koyama and Chen.25 The primary objective
for cohort A is met with ≤7 (14.6%) patients with grade
3–4 hyperglycaemia among 48 patients. For cohort B,
the primary objective is met with ≤4 (20%) patients with
grade 3–4 hyperglycaemia among 20 patients. The
sample size was calculated with R software (version
4.2.2) using the function “binom.design” from
“ph2mult” package version 0.1.1 or “clinfun” package
version 1.1.5 (Appendix 2 p 2).

Safety data were summarised with descriptive statis-
tics in the full analysis set. Safety data describes events up
to data cutoff, unless otherwise specified. We used the
Kaplan–Meier method to estimate the distribution of
PFS; corresponding two-sided 95% CI were calculated
using the Brookmeyer and Crowley method (“survival”
package version 3.5–7). Clopper-Pearson methodology
was used to calculate the two-sided 95% CI for ORR and
CBR in the full analysis set and in patients with
measurable disease at baseline (“DescTools” package
version 0.99.50). The p-values and 95% confidence in-
tervals were not adjusted for multiple comparisons and
hence cannot be used to infer treatment effects.

This trial is registered with ClinicalTrials.gov,
NCT04300790.

Role of funding source
The study was conceived, designed, and conducted by
MEDSIR. Novartis Pharmaceuticals funded the study
and provided alpelisib. MEDSIR was responsible for
data analysis and interpretation and also funded medical
writing support. All authors had access to the raw data,
and the corresponding author was responsible for the
decision to submit for publication.
Results
Patients characteristics
Between 13 August, 2020 and 23 March, 2022, 233 pa-
tients were screened, and 68 (29.2%) patients were
enrolled in cohorts A (n = 48) and B (n = 20). Median
follow-up at the time of this primary analysis was 7.8
months (range, 1.4–19.6) for all patients, 7.3 months
(range, 1.4–19.6) for cohort A, and 8.7 months (range,
1.6–15.6) for cohort B. The median duration of exposure
to study treatment was 5.5 months (range, 1.2–19.6) for
all patients, 4 months (range, 1.2–19.6) for cohort A, and
www.thelancet.com Vol 71 May, 2024
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6.8 months (range, 1.5–13.8) for cohort B. The median
relative dose intensity was 95.1% for alpelisib.

Patient baseline characteristics are shown in Table 1.
All enrolled patients were female; median age was 55.0
years (range, 29–79). Visceral metastases were present
in 40 (58.8%) of the 68 patients; 13 (19.1%) patients had
a prior line of chemotherapy for ABC. Sixty-seven
(98.5%) patients had received CDK4/6i therapy previ-
ously. Sixty-three (92.6%) patients received fulvestrant
as endocrine partner. Four (5.9%) patients received
exemestane and one (1.5%) patient was treated with
letrozole (Table 1 and Table S1).

At data cutoff (15 Jun, 2022), 33 (48.5%) of 68 pa-
tients had discontinued the study treatment (alpelisib
and ET) because of disease progression, and seven
(10.3%) patients had discontinued for other reasons:
three (4.4%) patients presented an adverse event related
to alpelisib (hypertransaminasaemia, rash, and hypo-
volaemic shock); three (4.4%) patients were lost of
follow-up, and one (1.5%) patient presented deteriora-
tion of her health status (Fig. 1).

Primary endpoint
Cohorts A and B met the primary endpoint, with only one
grade 3 hyperglycaemia (2.1%) of 48 patients in cohort A
(95% CI: 0.5–11.1; P < 0.0001) and three patients with
grade 3 hyperglycaemia reported (15.0%) of 20 patients in
cohort B (95% CI: 5.6–37.8; P = 0.016) in the first 8 weeks
(Table 2). In particular, among patients treated with ful-
vestrant as ET, only one (2.2%) of 45 in cohort A and three
(16.7%) of 18 in cohort B presented grade 3 hyper-
glycaemia reported in the first 8 weeks. Any-grade
hyperglycaemia was reported in 30 (44.1%) of 68 pa-
tients, 16 (33.3% in cohort A and 14 (70.0%) in cohort B.
For post-menopausal patients with fulvestrant as ET the
any-grade hyperglycaemia was reported in 12 (37.5%) of
32 patients for cohort A (one [3.2%] grade 3) and 11
(68.8%) of 16 patients in cohort B (two [12.5%] grade 3). In
addition to metformin, two (4.2%) of 48 patients in cohort
A and 5 (25.0%) of 20 patients in cohort B used other
treatments to manage hyperglycaemia (Table S2).

Safety and tolerability
Adverse events of any grade were reported for 67
(98.5%) patients (31 [45.6%] grade ≥3) (Table 3). The
most common adverse events of any grade were the
following: nausea (47 [69.1%] of 68 patients, all grade
1–2; diarrhoea (46 [67.6%] of 68 patients, nine [13.2%]
grade ≥3); fatigue (33 [48.5% of 68 patients, three [4.4]
grade ≥3); hyperglycaemia (30 [44.1%] of 68 patients, 4
[5.9%] grade ≥3); and rash (28 [41.2%] of 68 patients, 11
[16.2%] grade ≥3) (Tables S3 and S4). Serious
treatment-related adverse events were reported in seven
(10.3%) of 68 patients; the most common were rash (two
[2.9%], all grade 3), vomiting (two [2.9%], one [1.5%]
grade 3), and diarrhoea (two [2.9%], all grade <3)
(Table S5). Details on adverse events of special interest
www.thelancet.com Vol 71 May, 2024
are available in the Table S6. Ten (14.7%) of 68 patients
(9 [18.8%] of 48 in cohort A and one [5.0%] of 20 in
cohort B) had diarrhoea during the first week of treat-
ment, when alpelisib had not been initiated.

Permanent discontinuation of alpelisib because of
adverse events occurred in nine (13.2%) patients
(Table 3), most frequently from diarrhoea (four [5.9%]
patients), fatigue (three [4.4%] patients), decreased
appetite (three [4.4%] patients), and rash (one [1.5%]
patients). No patients discontinued alpelisib because of
hyperglycaemia. No treatment-related deaths were
observed. Dose interruptions caused by AEs for alpelisib
occurred in 32 (47.1%) patients, most frequently from
diarrhoea (14 [20.6%] patients), rash (11 [16.2%] pa-
tients), and vomiting (5 [7.4%]. Dose reductions for
alpelisib occurred in 21 (30.9%) patients. The most
frequent adverse events leading to dose reduction were
diarrhoea (10 [14.7%]] patients), rash (seven [10.3%]
patients), and hyperglycaemia (4 [5.9%]).

Permanent discontinuation of metformin because of
adverse events occurred in 8 (11.8%) patients (Table 3),
most frequently from diarrhoea (five [7.4%] patients),
nausea (two [2.9%] patients), vomiting (one [1.5%]
patient), and diabetes mellitus (one [1.5%] patient). Four
(50%) of these 8 patients suffered hyperglycemia after
metformin discontinuation. All hyperglycemic events after
the metformin discontinuation were of grade 1 or 2. Pa-
tients did not receive other medication for hyperglycemia
and the alpelisib dose was not modified due to hypergly-
cemic adverse events after metformin discontinuation.

Dose interruptions caused by AEs for metformin
occurred in 12 (17.6%) patients, most frequently from
diarrhoea (sevent [10.3%] patients) and vomiting (six
[8.8%] patients). Dose reductions for metformin occurred
in 25 (36.8%) patients. The most frequent adverse events
leading to the dose reduction were diarrhoea (15 [22.1%]
patients) and vomiting (eight [11.8%] patients).

Other outcome measures
At data cutoff, PFS was still immature owing to the low
event rate (42.6%). The median PFS was 7.3 months
(95% CI: 5.9–not reached) (Figure S3). The median TTP
was 11.0 months (95% CI: 6.2–not reached). ORR was
20.6% (95% CI: 11.7–32.1) in the full analysis set: 16.7%
(95% CI: 7.5–30.2) in cohort A, and 30.0% (95% CI:
11.9–54.3) in cohort B (Appendix 2 p 11). CBR was
52.9% (95% CI: 40.4–65.2) in the full analysis set, 41.7%
(95% CI: 27.6–56.8) in cohort A and 80% (95% CI:
56.3–94.3) in cohort B. Regarding patients with
measurable disease at baseline (41 [60.3%] of 68 pa-
tients), ORR was 34.1% (95% CI: 20.0–50.6) and CBR
was 48.8% (95% CI: 32.9–64.9) (Table S7).
Discussion
Hyperglycaemia is a key adverse event during treatment
with alpelisib, as it can result in early treatment
5
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Baseline characteristics Cohort A N = 48 Cohort B N = 20 All patients N = 68

Age; median (min; max), years 52 (29; 79) 55 (42; 79) 55 (29; 79)

ECOG Performance status; n (%)

0 30 (62.5) 10 (50.0) 40 (58.8)

1 18 (37.5) 10 (50.0) 28 (41.2)

Body mass index; n (%)

<25 kg/m2 23 (47.9) 7 (35.0) 30 (44.1)

≥25 kg/m2 to <30 kg/m2 21 (43.8) 7 (35.0) 28 (41.2)

≥30 kg/m2 4 (8.3) 6 (30.0) 10 (14.7)

HbA1c; median (min; max), % 5.3 (4.6; 5.6) 5.8 (5.0; 6.4) 5.4 (4.6; 6.4)

FPG, median (min; max), mg/dL 89.5 (65.0; 99.0) 102.0 (79.0; 133.5) 91.0 (65.0; 133.5)

Number of metastatic organ sites; n (%)

1 15 (31.2) 7 (35.0) 22 (32.4)

2 24 (50.0) 5 (25.0) 29 (42.6)

≥3 9 (18.8) 8 (40.0) 17 (25.0)

Metastatic site; n (%)

Bone 41 (85.4) 17 (85.0) 58 (85.3)

Liver 24 (45.0) 9 (45.0) 33 (48.5)

Lung 7 (14.6) 5 (25.0) 12 (17.6)

Lymph node 8 (16.7) 5 (25.0) 13 (19.1)

Breast 6 (12.5) 1 (5.0) 7 (10.3)

Skin 2 (4.2) 1 (5.0) 3 (4.4)

Menopausal status; n (%)

Premenopausal 13 (27.1) 2 (10.0) 15 (22.1)

Postmenopausal 35 (72.9) 18 (90.0) 53 (77.9)

Prior CDK4/6 inhibitors at any time; n (%)

No 0 (0.0) 1 (5.0) 1 (1.5)

Yes 48 (100) 19 (95.0) 67 (98.5)

Number of previous lines of therapy for ABC; n (%)

0 0 (0.0) 1 (5.0) 1 (1.5)

1 26 (54.2) 8 (40.0) 34 (50.0)

2 15 (31.2) 9 (45.0) 24 (35.3)

3 7 (14.6) 2 (10.0) 9 (13.2)

Previous systematic therapy for ABC; n (%)

Endocrine therapy 48 (100) 19 (95) 67 (98.5)

Aromatase inhibitors 43 (89.6) 16 (80.0) 59 (86.8)

LHRH 13 (27.1) 4 (20.0) 17 (25.0)

SERD 7 (14.6) 3 (15.0) 10 (14.7)

Tamoxifen 2 (4.2) 0 (0.0) 2 (2.9)

Chemotherapy 9 (18.8) 4 (20.0) 13 (19.1)

Endocrine therapy received with alpelisib

Fulvestrant 45 (93.8) 18 (90.0) 63 (92.6)

Exemestane 3 (6.3) 1 (5.0) 4 (5.9)

Letrozole 0 (0.0) 1 (5.0) 1 (1.5)

aNegative HER2 status was defined by 0 or 1+ by IHC, or by 2+ IHC and negative ISH.
ABC, advanced breast cancer; FPG, fasting plasma glucose; HbA1c, haemoglobin A1C; HER2, human epidermal growth factor 2; HR, hormone receptor; IHC,
immunohistochemistry; ISH, in situ hybridisation; LHRH, luteinizing hormone-releasing hormone; PIK3CA, phosphatidylinotisol-4,5-biphosphate 3-kinase catalytic subunit
alpha; SERD, selective oestrogen receptor modulators. Percentages may not total 100% due to rounding.

Table 1: Baseline characteristics of HR+/HER2-/PIK3CA-mutated ABC patients.a
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discontinuation and dose adjustments. METALLICA is
the first prospective study to evaluate prevention of a key
toxicity related to alpelisib. The primary endpoint was
met in cohorts A and B, confirming that prophylactic
metformin is effective in preventing or reducing the
incidence of grade 3–4 hyperglycaemia during the first 8
weeks in patients with HR+/HER2−/PIK3CA-mutated
ABC treated with alpelisib plus ET (fulvestrant, letro-
zole, or exemestane). This preventive effect of metfor-
min was also observed in patients specifically receiving
www.thelancet.com Vol 71 May, 2024
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Fig. 1: Patient enrolment and disposition at data cutoff. Cohort A: Fasting plasma glucose <100 mg/dL [<5.6 mmol/L] and haemoglobin A1c
<5.7%; Cohort B: Fasting plasma glucose 100–140 mg/dL [5.6–7.8 mmol/L] and/or haemoglobin A1c 5.7–6.4%.

Articles
fulvestrant (92.6%), which was the sole ET used in both
SOLAR-114 and BYLieve (cohort A).16

SOLAR-114 was the first and only phase 3 trial to
evaluate alpelisib plus fulvestrant in patients with HR+/
HER2−/PIK3CA-mutated ABC; since then, BYLieve
(cohort A)16 has explored this combination in patients
who have received prior CDK4/6i. The baseline char-
acteristics of patients in METALLICA are similar to
those of patients in BYLieve16 and different from those
of SOLAR-1 regarding previous use of CDK4/6i.14
Hyperglycaemia Cohort A n (%) N = 48

No hyperglycaemia 35 (72.9)

Grade 1 10 (20.8)

Grade 2 2 (4.2)

Grade 3 1 (2.1)

Grade 4 0 (0.0)

Primary endpoint:

Grade 3–4 1 (2.1)

95% CI, P-value (0.5–11.1; P < 0.0001)

At data cutoff, there were no new patients with grade 3–4 hyperglycaemia. Percentage
since it was not a predefined primary objective of the protocol. Only the comparison be

Table 2: Hyperglycaemia over the first 8 weeks of treatment (two cycles).

www.thelancet.com Vol 71 May, 2024
Patients in METALLICA are more pre-treated and
have worse diagnosis compared to SOLAR-1. Hyper-
glycaemia of grade 3–4 was the most common severe
adverse event reported in SOLAR-1 and BYLieve trials.
Until data cutoff, the incidence rates of any-grade and
grade 3–4 hyperglycaemia in all patients were lower in
METALLICA (44.1% and 5.9%, respectively) than in
SOLAR-1 (63.7% and 36.6%)14 and BYLieve (cohort A)
(58.3% and 28.3%) trials.16 In SOLAR-117 and BYLieve,16

patients with normal baseline glycaemic status
Cohort B n (%) N = 20 All patients n (%) N = 68

7 (35.0) 42 (61.8)

3 (15.0) 13 (19.1)

7 (35.0) 9 (13.2)

3 (15.0) 4 (5.9)

0 (0.0) 0 (0.0)

3 (15.0) 4 (5.9)

(5.6–37.8; P = 0.016) (2.4–14.4)

s may not total 100% due to rounding. P-values for all patients are not reported,
tween the study data and historical estimation for cohorts A and B was planned.
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Adverse event leading to discontinuation Grade 1–2 n (%) Grade 3 n (%) Grade 4 n (%)

For alpelisib

Any adverse event, n (%) 4 (5.9) 4 (5.9) 1 (1.5)

Diarrhoeaa 3 (4.4) 1 (1.5) 0 (0)

Fatigue 2 (2.9) 1 (1.5) 0 (0)

Decreased appetite 1 (1.5) 1 (1.5) 0 (0)

Rasha 0 (0.0) 1 (1.5) 0 (0)

Hypovolaemic shock 0 (0.0) 0 (0) 1 (1.5)

Hypertransaminasaemia 0 (0.0) 1 (1.5) 0 (0)

Dysphagia 0 (0.0) 1 (1.5) 0 (0)

Lipase increase 0 (0.0) 1 (1.5) 0 (0)

Odynophagia 0 (0.0) 1 (1.5) 0 (0)

Gastrointestinal pain 1 (1.5) 0 (0) 0 (0)

Pyrexia 1 (1.5) 0 (0) 0 (0)

Stomatitis 1 (1.5) 0 (0) 0 (0)

Vomiting projectile 1 (1.5) 0 (0) 0 (0)

For metformin

Any adverse event, n (%) 8 (11.8) 0 (0) 0 (0)

Diarrhoeaa 5 (7.4) 0 (0) 0 (0)

Nausea 2 (2.9) 0 (0) 0 (0)

Vomiting 1 (1.5) 0 (0) 0 (0)

Diabetes mellitus 1 (1.5) 0 (0) 0 (0)

Maximum toxicity grade for each adverse event was reported. Percentages may not total 100% due to rounding. aAdverse event of special interest.

Table 3: Adverse events leading to discontinuation of alpelisib or metformin (N = 68).
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experienced any-grade hyperglycaemia less frequently
than prediabetic or well-controlled diabetic patients,
especialy grade 3–4 hyperglycaemia. We also observed
this distribution pattern in METALLICA between pa-
tients with normal glycaemia and those with prediabetes
regarding any-grade and grade 3–4 hyperglycaemia.
Moreover, no patients discontinued alpelisib owing to
hyperglycaemia, whereas 6.3% and 1.6% of patients
discontinued alpelisib for this reason in SOLAR-1 and
BYLieve, respectively. Our findings support changes in
current clinical practice for patients who could benefit
from adding prophylactic metformin to alpelisib plus ET
to decrease the incidence and severity of alpelisib-related
hyperglycaemia, an adverse event that leads to treatment
discontinuations and/or dose adjustments.16

Diarrhoea is a common adverse event with metfor-
min and alpelisib. In the first week of treatment, when
patients were receiving metformin and not yet alpelisib,
diarrhoea was reported in 14.7% of patients. Overall,
67.6% of patients experienced any-grade and 11.8%
grade 3–4 diarrhoea; these rates are higher than those of
57.7% and 6.7% in SOLAR-1, and 59.8% and 5.5% in
BYLieve trials. Discontinuations of alpelisib due to
diarrhoea (5.9% of patients) were also more frequent
than in SOLAR-1 (2.8%). While all patients in our study
were treated with metformin, approximately two-thirds
of patients with hyperglycaemia received metformin in
the other studies,14,16 which may explain the higher
diarrhoea rates in METALLICA. Considering the
potential benefits of prophylactic loperamide, which
may include a reduction in the frequency and severity of
diarrhoea, it could be worthy to explore its role in
improving patient comfort, enhancing treatment
regimen adherence and minimizing treatment in-
terruptions. Nevertheless, it’s important to note that
further clinical evidence is required to substantiate these
potential advantages.

Dose interruptions and dose reductions of alpelisib
were lower in METALLICA (47.1% and 30.9%, respec-
tively) than in SOLAR-1 (74.0% and 63.9%).14 A post-hoc
analysis revealed that higher doses of alpelisib resulted
in numerically longer median PFS,17 which sheds light
on the importance of adverse event management to
maximise treatment benefit. In METALLICA, 13.2% of
patients experienced adverse events leading to alpelisib
treatment discontinuation, a lower rate to that in SO-
LAR-114 (25.0%) and BYLieve (20.6%) trials.16 Patients
with prior CDK4/6i have poorer response and shorter
median PFS than patients with no prior CDK4/6i; in our
study, median PFS was 7.3 months (95% CI: 5.9–not
reached), similar to that found in BYLieve cohort A16

(7.3 months [95% CI: 5.6–8.3]), where all patients had
received prior CDK4/6i plus ET; however, as expected,
median PFS was shorter than that found in SOLAR-114

(11.0 months [95% CI: 7.5–14.5]), where the majority
of patients had not received prior CDK4/6i. Given the
similar patient population in METALLICA and BYLieve
(cohort A) trials,16 these results suggest the addition
www.thelancet.com Vol 71 May, 2024
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of metformin improves safety without compromising
efficacy of the preferred treatment for patients with
HR+/HER2−/PIK3CA-mutated ABC.

One limitation of this study is the non-randomised
single-arm design; data from SOLAR-1 and BYLieve
were used to benchmark the incidence of hyper-
glycaemia within the first 8 weeks of treatment with
alpelisib plus ET. Another limitation is the 8-week
timeframe used to evaluate the primary endpoint,
which can potentially miss events that occur at a later
point; however, hyperglycaemia is an early occurring
event, with a median time to onset of grade ≥3 events
taking place in the first 15 days in SOLAR-1.17 The major
strength of this study lies in its detailed assessment of
adverse events and its inclusion of high risk patients,
which are often excluded from breast cancer clinical
trials when PI3K signalling pathway inhibitors are
explored. Moreover, the negative impact of diarrhoea
was palliated by pre-treating patients with metformin
and ET for one week before initiating alpelisib to ensure
patients were adapted to metformin so as to maximise
its prophylactic efficacy. Finally, hyperglycaemia was
exhaustively monitored using a number of approaches
with multiple timepoints per day on certain days over
the first 8 weeks of treatment with alpelisib plus ET; this
is a more robust schedule than that used in SOLAR-1
and BYLieve, ensuring no hyperglycaemia events were
unaccounted for. On the basis of these data, exploring
the role of prophylactic metformin in diabetic patients is
warranted.

Management of patients with ABC focuses on pro-
longing survival while minimising treatment-related
adverse events. Here, we provide compelling evidence
supporting the addition of metformin to alpelisib plus
ET as a practical management strategy to limit hyper-
glycaemia and minimise treatment discontinuation.
This enables patients to receive the optimal treatment
dose and, ultimately, maximise clinical benefit. As
observed, prophylactic metformin is particularly effi-
cient for patients with high-risk prediabetic status.
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