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Abstract

Background Hyperglycemia is an on-target effect of PI3Ka inhibitors. Early identification and intervention of treat-
ment-induced hyperglycemia is important for improving management of patients receiving a PI3Ka inhibitor

like alpelisib. Here, we characterize incidence of grade 3/4 alpelisib-related hyperglycemia, along with time to event,
management, and outcomes using a machine learning model.

Methods Data for the risk model were pooled from patients receiving alpelisib = fulvestrant in the open-label, phase
1 X2101 trial and the randomized, double-blind, phase 3 SOLAR-1 trial. The pooled population (n=505) included
patients with advanced solid tumors (X2101, n=221) or HR+/HER2—advanced breast cancer (SOLAR-1, n=284). Exter-
nal validation was performed using BYLieve trial patient data (n = 340). Hyperglycemia incidence and management
were analyzed for SOLAR-1.

Results A random forest model identified 5 baseline characteristics most associated with risk of developing grade
3/4 hyperglycemia (fasting plasma glucose, body mass index, HbA, ., monocytes, age). This model was used to derive
a score to classify patients as high or low risk for developing grade 3/4 hyperglycemia. Applying the model to patients
treated with alpelisib and fulvestrant in SOLAR-1 showed higher incidence of hyperglycemia (all grade and grade
3/4), increased use of antihyperglycemic medications, and more discontinuations due to hyperglycemia (16.7% vs.
2.6% of discontinuations) in the high- versus low-risk group. Among patients in SOLAR-1 (alpelisib+fulvestrant arm)
with PIK3CA mutations, median progression-free survival was similar between the high- and low-risk groups (11.0 vs.
10.9 months). For external validation, the model was applied to the BYLieve trial, for which successful classification
into high- and low-risk groups with shorter time to grade 3/4 hyperglycemia in the high-risk group was observed.

Conclusions A risk model using 5 clinically relevant baseline characteristics was able to identify patients at higher

or lower probability for developing alpelisib-induced hyperglycemia. Early identification of patients who may be

at higher risk for hyperglycemia may improve management (including monitoring and early intervention) and poten-
tially lead to improved outcomes.
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Background

A frequent mutation in hormone receptor—positive
(HR+)/human epidermal growth factor receptor 2-neg-
ative (HER2—) breast cancer is alteration in the PIK3CA
gene (encoding the phosphatidylinositol 3-kinase
[PI3K] a isoform), which is mutated in approximately
40% of patients [1-4]. PIK3CA mutations are associ-
ated with poorer outcomes in metastatic breast cancer,
promotion of tumor growth, and resistance to endo-
crine therapy (ET) [3, 5-7]. Targeted PI3K inhibition
for patients with PIK3CA mutations has been explored
as a pathway to overcome ET resistance in HR+breast
cancers. Alpelisib, an orally available PI3K inhibitor
that selectively inhibits and degrades the a isoform
of PI3K, ultimately emerged as an agent that demon-
strated compelling efficacy [8, 9].

Alpelisib has been approved by the US FDA and
European Commission in combination with fulvestrant
for the treatment of HR+/HER2- PIK3CA-mutated
advanced or metastatic breast cancer following progres-
sion on or after ET [10, 11]. In the phase 3 SOLAR-1
trial of alpelisib in patients with HR+/HER2— advanced
breast cancer (ABC) and prior ET, progression-free
survival with alpelisib plus fulvestrant was significantly
prolonged compared with fulvestrant alone (median,
11.0 vs. 5.7 months; HR, 0.65; 95% CI, 0.50-0.85;
P<0.001 [PIK3CA-mutated]) [12]. The most commonly
reported grade 3/4 adverse event (AE) in the overall
population was hyperglycemia (preferred term), which
occurred in 36.6% of the alpelisib plus fulvestrant group
vs 0.7% in the placebo plus fulvestrant group [12]. Due
to the high incidence of grade 3/4 hyperglycemia, the
SOLAR-1 protocol was amended to improve monitor-
ing and management of hyperglycemia after enrollment
began, resulting in improvements in markers of safety
[13]. Hyperglycemia has also been previously reported
in trials with other PI3K inhibitors, buparlisib and
taselisib, in combination with fulvestrant [14, 15].

Due to the on-target nature of hyperglycemia for
PI3K inhibitors, it is essential to understand the patient
population at an elevated risk for hyperglycemia with
alpelisib in order to provide timely interventions.
This post hoc analysis data used a pooled population
treated with alpelisib + fulvestrant from the X2101 and
SOLAR-1 trials and data collected during those respec-
tive trials to build a predictive model through machine
learning techniques to identify patients who are more
likely to develop grade 3/4 hyperglycemia, including
early during treatment. This predictive model was then

used to analyze risk in SOLAR-1. For an external vali-
dation, the model was applied to the BYLieve trial.

Methods

Study design and setting

Detailed study designs for X2101 (NCT01219699),
SOLAR-1 (NCT02437318), and BYLieve
(NCT03056755) have been described [12, 13, 16-18].
X2101 was a multicenter, open-label, phase 1 trial of
alpelisib 30—-450 mg (once daily)/120-200 mg (twice
daily) as single agent or alpelisib 300-400 mg (once
daily) plus fulvestrant [16, 17]. SOLAR-1 was a rand-
omized, double-blind, placebo-controlled, phase 3 trial
of alpelisib (300 mg) plus fulvestrant vs placebo plus
fulvestrant [12]. BYLieve was an open-label, noncom-
parative, 3-cohort trial of alpelisib (300 mg) plus fulves-
trant or letrozole [18]. All trials were approved by an
independent ethics committee and institutional review
board at each site and were conducted per the Declara-
tion of Helsinki and Good Clinical Practice [12, 17]. All
participants provided written informed consent, and
participants in X2101 received financial compensation
[12, 17, 18].

Participants

X2101 enrolled patients with advanced solid tumors,
including breast cancer, who had disease progression
on, or could not tolerate, standard anticancer therapy
or for whom no standard therapy existed. The majority
of patients had a confirmed PIK3CA alteration. Patients
with diabetes (fasting plasma glucose [FPG] > 140 mg/
dL [7.8 mM]) or a history of gestational or steroid-
induced diabetes were excluded [16, 17].

Patients in SOLAR-1 had locally confirmed HR+/
HER2—- ABC and were eligible for further ET following
relapse or progression. Patients were receiving or had
previously received an aromatase inhibitor (Al) as neo-
adjuvant or adjuvant therapy or for advanced disease.
Patients with type 1 or type 2 diabetes (FPG >140 mg/
dL [7.8 mM] or glycated hemoglobin [HbA,_.]>6.4%)
were excluded.

Patients in BYLieve had HR+/HER2—ABC and con-
firmed PIK3CA mutation in tumor tissue or plasma.
Patients were required to have CDK4/6 inhibitor plus
Al, CDK4/6 inhibitor plus fulvestrant, or either chem-
otherapy or ET as last therapy and to have an FPG
of <140 mg/dL (7.8 mM) and HbA,, of <6.4% [18].
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Procedures

Statistical modeling of grade 3/4 hyperglycemic events

The hyperglycemia risk model was built using patients
pooled from X2101 (alpelisib + fulvestrant) and SOLAR-1
(alpelisib and fulvestrant arm only) in a post hoc analysis
of hyperglycemic events. The pooled population was sub-
divided into a training set (405 patients [80%]) for model
development and selection, a testing set (100 patients
[20%]), and a validation set for model performance and
validation (Additional file 1: Figure S1). The main objec-
tive of the statistical modeling was to minimize the null
deviance residuals using a simple intercept Cox model
using the time to first grade 3/4 hyperglycemia in patients
treated with alpelisib + fulvestrant [19]. Additional details
are provided in Additional file 1: Supplemental Methods.

Analysis of high- and low-risk patients with hyperglycemia
in SOLAR-1 and BYLieve
The final machine learning model was applied to the alpe-
lisib plus fulvestrant arm of the SOLAR-1 trial to classify
patients into low- and high-risk groups. Further analy-
sis on clinically relevant outcomes was performed on
SOLAR-1, which included only patients with ABC (the
approved indication for alpelisib). For external validation,
the final model was used to analyze grade 3/4 hypergly-
cemia in BYLieve (all cohorts). Time to onset of CTCAE
grade 3/4 AEs was defined as the time from the start of
treatment to the first incidence of a grade 3/4 hyperglyce-
mia event. In the absence of an event during the on-treat-
ment period, the censoring date applied was the earliest
of the following dates: end date of on-treatment period
(end of study treatment plus 30 days), death date, start
date of new antineoplastic therapy (with the exception
of palliative radiotherapy or fulvestrant monotherapy)
before experiencing a CTCAE grade>3 event, data cut-
off date, or date of withdrawal of informed consent.
Among patients from SOLAR-1 treated with alpelisib
and fulvestrant, those with PIK3CA mutations were
included in efficacy (progression-free survival [PFS])
analysis of high- and low-risk patients. PFS was defined
as time from the date of randomization to the date of the
first documented progression or death due to any cause.
PES times were censored if no PFS event was observed
before the data cutoft.

(See figure on next page.)
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Results

Patient population and hyperglycemia events

Baseline characteristics from both the X2101 (221
patients, data as of March 22, 2017) and SOLAR-1 trials
(284 alpelisib plus fulvestrant patients, data as of June 12,
2018) were previously reported [12, 16, 17]. The median
time to onset of grade>3 hyperglycemia (SOLAR-1
patients treated with alpelisib) was 15 days. Among the
patients in the analysis from the SOLAR-1 trial, all-grade
and grade 3/4 hyperglycemia (grouped terms) occurred
in 187/284 (65.8%) and 108/284 (38.0%) patients, respec-
tively (Fig. 1A and B). Of the patients from SOLAR-1
who developed hyperglycemia, 163/187 (87.2%) required
a concomitant medication. One antihyperglycemic medi-
cation was required in 67/187 (35.8%) patients, while
49/187 (26.2%) and 47/187 (25.1%) required 2 and >3,
respectively; metformin was the most common medi-
cation (142/163 [87.1%]), followed by insulin (52/163
[31.9%]). Plotting time to first event against time to first
antihyperglycemic medication indicates that there were
delays in treatment of hyperglycemia in some patients,
even when hyperglycemia was identified early (Fig. 1C).
A greater proportion of patients who received early inter-
vention (first quantile for time from hyperglycemia to
antihyperglycemic medication) for grade 1/2 hyperglyce-
mia had improvement to a lower grade vs patients who
received later intervention (fourth quantile) (Fig. 1D).
Discontinuations due to hyperglycemia occurred in
19/284 patients (6.7%). Among patients in the BYLieve
trial, metformin was given to 56/58 (96.6%) of patients
who received an antihyperglycemic medication in Cohort
A, 65/68 (95.6%) in Cohort B, and 61/66 (92.4%) in
Cohort C. Insulin was given to 21/58 (36.2%) in Cohort
A, 17/68 (25.0%) in Cohort B, and 18/66 (27.3%) in
Cohort C.

Model development

Model development using the training set was con-
ducted to better identify patients at high risk for grade
3/4 hyperglycemic events. From a set of 36 variables, uni-
variate analysis identified 13 variables for model building,
defined by an adjusted P<0.1 (Table 1). According to
coeflicient, the most influential, significant parameters
for predicting grade 3/4 hyperglycemia in the univariate

Fig. 1 Cumulative incidence of all-grade hyperglycemic events among patients in SOLAR-1 treated with alpelisib + fulvestrant (A) or grade 3/4
hyperglycemic events among patients in SOLAR-1 treated with alpelisib +fulvestrant (B). Time to first medication vs first hyperglycemic event

in patients treated with alpelisib from SOLAR-1 who had a hyperglycemia adverse event and was treated by antihyperglycemic medication (C)
and subsequent grade of hyperglycemia among patients in SOLAR-1 with early (first quantile of time from hyperglycemia to treatment) and late
(fourth quantile) treatment with antihyperglycemic medication (D). Cumulative incidence curves using Kaplan—Meier method. Hyperglycemic

events by Standardized MedDRA query. AE, adverse event; G, grade
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Fig. 1 continued

Table 1 Variables and corresponding 3 coefficients of the univariate, elastic net, and stepwise regression models in the training set

Variable B univariate P Adjusted PP B elastic net model B linear model with
model? (model 1) stepwise variable selection
(model 2)

Age 0.182 <0.001 0.003 0.024 NA

bid dosing 0.394 0.132 0.132 0.041 0.084

BMI 0307 <0.001 <0.001 0.164 0.198

C-peptide 0.116 0.036 0.047 0.000 NA

Diastolic blood pressure 0.162 0.003 0.007 0.078 0.125

Dose 0.088 0.110 0.119 0.037 0.082

HbA, . 0.202 <0.001 0.001 0.066 0.104

HDL cholesterol —0.099 0.073 0.086 0.000 NA

Monocytes 0.125 0.024 0.035 0.047 0.073

Fasting plasma glucose 0.440 <0.001 <0.001 0.321 0.357

Red blood cells 0.128 0.021 0.034 0.012 NA

Systolic blood pressure 0.174 0.002 0.004 0.000 NA

Triglycerides 0.142 0.010 0.019 0.000 NA

2 Positive coefficients are associated with higher risk; negative coefficients are associated with lower risk. All variables were standardized to have a mean of 0 and
an SD of 1 using training set data. bAdjusted P values for simple multiple testing procedures using Benjamini and Hochberg step-up false discovery rate-controlling

procedure

bid, twice daily; BMI, body mass index; HbA,, glycated hemoglobin; HDL, high-density lipoprotein; NA, not applicable

analysis were FPG and body mass index (BMI); these
were also the most important parameters identified by
the elastic net model and linear model with stepwise
variable selection. Based on the variables identified in the
univariate analysis, 6 models were investigated for classi-
fication of risk of a grade 3/4 hyperglycemia event (Addi-
tional file 1: Figure S2). The area under the curve (AUC)
over time in the training and test sets was used to com-
pare the accuracy of the model scores at distinguishing

patients who will develop from those who are not likely
to develop a grade 3/4 hyperglycemia event. Model 4, the
random forest model, performed notably better than the
other models.

For developing a clinically relevant simplified random
forest model, a conditional permutation importance anal-
ysis was performed to identify the relative importance of
the variables in model 4 (Fig. 2A). Model 7, the simpli-
fied random forest, was generated using only the 5 most
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Fig. 2 Variable importance of random forest (model 4)

in the X2101 4 SOLAR-1 training set (A) and prognostic association

of risk status based on a random forest model with fasting plasma
glucose, BMI, HbA,, monocytes, and age (model 7) with time

to grade 3/4 hyperglycemia event in the X2101 4 SOLAR-1 training
set (B) and the X2101 +SOLAR-1 test set (C). A was calculated

by conditional permutation importance, B was calculated

by cumulative incidence curves, and C was calculated using

the Kaplan-Meier method. bid, twice daily dosing; BMI, body mass
index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL,
high-density lipoprotein cholesterol; RBC, red blood cells; SBP, systolic
blood pressure.

influential variables from model 4: FPG, BMI, HbA,,
monocytes, and age. The AUC over time was similar for
models 4 and 7 in the training and test sets (Additional
file 1: Figure S2). At 2 months, the AUCs for models 4
and 7 were similar in the training set (0.994 and 0.991,
respectively) and the test set (0.729 and 0.767, respec-
tively). Patients were classified into high- or low-risk
groups for grade 3/4 hyperglycemia based on the predic-
tive risk score using model 7. In the training set, there was
clear classification between the low- and high-risk groups
for the probability of grade 3/4 hyperglycemia events
(Fig. 2B). In the high-risk group, there was an 86.2% risk
of a grade 3/4 event by 2 months’ treatment; there was
a<5% probability of an event in the low-risk patients over
30 months (Fig. 2B, Additional file 1: Table S1). In the test
set, the high-risk group had approximately 57.6% chance
of a grade 3/4 hyperglycemia event by month 2, while
the low-risk patients had <20% probability of developing
grade 3/4 hyperglycemia over 30 months (Fig. 2C, Addi-
tional file 1: Table S1). The median (95% CI) time to grade
3/4 hyperglycemia events in the high-risk group was 15
(13-15) days in the training set and 20 (15-NE) days in
the test set (Additional file 1: Table S1).

Using model 7, individual scores could be derived for
a patient at baseline in order to determine the corre-
sponding risk of a hyperglycemia event at a given time
(Additional file 1: Figure S3). The density of individual
scores for patients in the training set showed a bimodal
distribution of high- and low-risk groups. In the pooled
studies (n=505), compared with low-risk patients, high-
risk patients at baseline were more likely to be obese
(BMI>30 kg/m?% 37.2% high risk vs. 15.0% low risk,
respectively), have higher FPG (>5.6 mmol/L; 71.3% vs.
22.6%), and have higher HbA,_ (>5.7%; 56.7% vs. 27.6%)
(Additional file 1: Table S2).

Model application

Applying model 7 to the alpelisib arm of SOLAR-1
resulted in 106 patients in the high- and 178 in the
low-risk groups. All-grade hyperglycemia occurred
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in 101/106 (95.3%) high- and 86/178 (48.3%) low-risk
patients; grade 3/4 events occurred in 96/106 (90.6%) and
12/178 (6.7%), respectively. Antihyperglycemic medica-
tion was used in 94/106 (88.7%) high- and 70/178 (39.3%)
low-risk patients. The majority of high-risk patients who
received an antihyperglycemic medication required >3
(39/94 [41.5%]), followed by 2 (31/94 [33.0%]), and 1
medication (24/94 [25.5%]). Conversely, the majority
of low-risk patients only required 1 antihyperglycemic
medication (43/70 [61.4%]), followed by 2 (18/70 [25.7%])
and > 3 medications (9/70 [12.9%)]).

Alpelisib discontinuations were similar overall (90/106
[84.9%] vs. 154/178 [86.5%] for high vs low); however,
discontinuation due to AE was more common in the
high-risk (32/90 [35.6%]) vs. low-risk (39/154 [25.3%])
group, while discontinuation due to progressive disease
was more common in the low-risk group (46/90 [51.1%)]
vs. 91/154 [59.1%] for high vs. low). Among patients
who discontinued alpelisib, there were more discontinu-
ations due to hyperglycemia in the high- vs. low-risk
group (15/90 [16.7%]) vs. 4/154 [2.6%]). Dose reductions
(85/106 [80.2%] vs. 83/178 [46.6%]) and interruptions
(89/106 [84.0%] vs. 116/178 [65.2%]) were more com-
mon in the high- vs low-risk groups, respectively. Median
relative dose intensity for high- vs. low-risk group was
75% vs. 93%, with median dose intensities of 223.9 vs.
278.8 mg/day, respectively.

For external validation, model 7 was applied to all
patients in BYLieve, resulting in 103 vs. 237 patients
in the high- vs low-risk categories. Consistent with
the results observed in SOLAR-1, a significant differ-
ence was observed in time to grade 3/4 hyperglycemia

1.0
0.9
0.8
0.7
0.6
0.5
0.4

Probability of
hyperglycemia event

0.3
0.2
0.1
0.0

High risk (n=103)
—— Low risk (n=237)
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favoring low-risk patients (HR, 0.367; 95% CI, 0.241—
0.558; P<0.0001) (Fig. 3).

Efficacy analysis among patients in SOLAR-1 with a
PIK3CA mutation who were treated with alpelisib + ful-
vestrant showed Kaplan—Meier PES curves with a slight
separation prior to 6 months, after which the curves
appeared to converge for the remaining time points. The
median PFS was similar between high- (11.0 months)
and low-risk patients (10.9 months; HR, 1.097; 95% CI,
0.733-1.641) (Fig. 4).

Discussion

As previously reported, hyperglycemia, an on-target
effect of PI3Ka inhibition, was the most common all-
grade and grade 3/4 AE in the alpelisib arm of SOLAR-1
[12, 13]. Of the patients with a hyperglycemia event, the
majority had quick onset of event and required interven-
tion with an antihyperglycemic medication. Develop-
ment of a statistical model using data from the X2101
and SOLAR-1 trials resulted in an individual risk score
that can be used to identify patients with high/low risk
of experiencing early grade 3/4 hyperglycemia upon
receiving alpelisib. The model used 5 clinically relevant
variables that the majority of physicians are already col-
lecting at baseline. When applying this model to the
alpelisib arm of SOLAR-1 and to all patients in BYLieve,
high-risk patients had a higher incidence of grade 3/4
hyperglycemia. High-risk patients in SOLAR-1 required
more antihyperglycemic medications and had more
hyperglycemia-related discontinuations than the low-risk
patients.

No. of events
High risk: 44, Low risk: 45

Kaplan-Meier median (95% CI), months:
High risk: NA (3.61-NA)
Low risk: NA (NA-NA)

T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40 42 44 46 48 50

Number at risk
High risk
Low risk

103 57 44 33 23 18 156 12 M

9 8
237176132 97 79 61 47 37 31 26 20 16 13 8 7

Months

8 7 6 6 6 4 2 2 2 2 1 1 0 0 O
4 2 11 0 0 0 0 0O O O

Fig. 3 Time to grade 3/4 hyperglycemia in patients classified as high or low risk by model 7 in BYLieve
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No. of events
High risk: 41, Low risk: 62

Kaplan-Meier median, months:
High risk: 11.0
Low risk: 10.9

Number at risk
High risk 65 56 46 37 35 31 25
Low risk 104 89 77 60 50 44 37

T T T T T T T T T T
14 16 18 20 22 24 26 28 30 32

Months

19 16 12 4 3 1 0 0 0 0
31 23 18 13 M 4 3 1 1 0

Fig. 4 Progression-free survival for patients with PIK3CA mutations with high and low risk of hyperglycemia (model 7) treated with alpelisib

in SOLAR-1

Despite the differences in hyperglycemia incidence
and management in SOLAR-1, similar median PFS
was observed among high- and low-risk patients with
PIK3CA mutations treated with alpelisib + fulvestrant
(median PFS, 11.0 vs 10.9 months; HR, 1.097; 95% CI,
0.733-1.641). This may be unexpected given that the
high-risk group had a higher percentage of dose reduc-
tions and interruptions, as well as lower dose inten-
sity, than the low-risk group. Indeed, a prior analysis
of PFS by median dose intensity in the SOLAR-1 trial
showed a numerically lower median PFS for patients
with a median dose intensity of <248 versus>248 mg/
day (9.6 vs. 12.5 months) [13]. The exact reasons for
the lack of difference in PES between the 2 groups in
this analysis is unclear. However, there is a separation
of the Kaplan—Meier curves prior to & 6 months, dur-
ing which the high-risk group appears to have worse
PFS. This early separation could be related to the early-
onset nature of the hyperglycemia; it would be during
this period that most of the dose modifications would
be expected to occur, along with the corresponding
impact on PFS. This analysis is post hoc in nature, and
the classification of the 2 groups may have resulted in
imbalances in patient characteristics that could have
impacted PFS. Therefore, the full effects of hypergly-
cemia on efficacy may be difficult to determine based
on this PFS analysis alone. Additional analyses need to
be done to further investigate the relationship between
hyperglycemia, dose modification, and efficacy in
these patients, including analyses to address potential
immortal time bias.

Developing a model with clinical utility is important
for the early identification of patients who may have a
higher probability of a grade 3/4 hyperglycemia event
while receiving alpelisib. Elevated FPG and HbA,, at
baseline are expected characteristics that would increase
the probability of developing grade 3/4 hyperglycemia
while receiving alpelisib. Similarly, higher BMI (>30) and
advanced age (>75 years) have been previously reported
as risk factors for alpelisib-induced hyperglycemia [13].
Monocytes, however, may be an unexpected influential
baseline factor for predicting the likelihood of hypergly-
cemia. Monocytes may be elevated in patients who are
obese (with or without diabetes), and previous studies
have shown that proinflammatory monocytes might be
associated with metabolic syndromes [20, 21]. Identifica-
tion of monocytes as an important factor in determining
risk of hyperglycemia warrants further investigation.

While applying this model to the alpelisib arm of
SOLAR-1 helps to confirm the function of the risk model,
it is important to understand the context of hypergly-
cemia management within the trial. Monitoring and
treatment guidelines for hyperglycemia were being opti-
mized during SOLAR-1. Initially, a check for FPG was
required at day 15, which we now know is the median
time to onset in the trial. This means that approximately
half of patients who developed hyperglycemia did so
prior to the first control. After enrolling approximately
50% of patients, a protocol amendment was introduced
detailing recommendations for improved monitor-
ing and management of hyperglycemia [13]. Rugo et al.
[13] showed that implementation of these guidelines
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helped prevent alpelisib discontinuations and limited
dose adjustments. However, many patients still had
delayed intervention even after identification of hyper-
glycemia (Fig. 1C), sometimes leading to higher grades,
dose adjustments, and discontinuations of alpelisib.
Therefore, some of the incidence and management data
in the high-risk patient group may be impacted in part
by evolving treatment guidelines during SOLAR-1. Ear-
lier identification of patients and timely intervention for
alpelisib-induced hyperglycemia in both high- and low-
risk patients may lead to further improvement of hyper-
glycemia management than indicated by the SOLAR-1
data. Indeed, the METALLICA trial tested prophylactic
metformin administered with fulvestrant+alpelisib in
patients with normal blood glucose at baseline or those
who had prediabetes. METALLICA met its primary end-
point and showed that prophylactic metformin resulted
in lower incidences of grade 3/4 hyperglycemia in both
cohorts (normal blood glucose or prediabetes) compared
with what was observed in corresponding patients in
SOLAR-1 and BYLieve [22]. There were no discontinua-
tions due to hyperglycemia in METALLICA.

Conclusions

A risk model identifying 5 baseline factors (FPG, BMI,
HbA, ., monocytes, and age) was able to classify patients
receiving alpelisib in SOLAR-1 into high and low risk for
grade 3/4 hyperglycemia. While treatment guidelines in
SOLAR-1 were optimized during the course of the study,
high-risk patients still demonstrated a higher incidence
of all-grade and grade 3/4 hyperglycemia and increased
use of antihyperglycemic medications compared with
low-risk patients. These findings indicate that this clini-
cally relevant risk model predicts the probability of alpe-
lisib-induced grade 3/4 hyperglycemia using baseline
factors. Earlier identification and intervention for treat-
ment-induced hyperglycemia can potentially improve
clinical management and lead to better outcomes for
patients with HR+/HER2— ABC.

Supplementary Information

The online version contains supplementary material available at https://doi.
0rg/10.1186/513058-024-01773-1.

[ Additional file 1. Supplemental Appendix. }

Author contributions

All authors have reviewed and approved the data, contributed to the develop-
ment and approval of the manuscript, and acknowledged the decision to
submit the manuscript for publication.

Page 9 of 10

Declarations

Ethics approval and consent to participate

All participants in each trial provided written informed consent. All trials were
approved by an independent ethics committee and institutional review board
at each site and were conducted per the Declaration of Helsinki and Good
Clinical Practice.

Consent for publication
All named authors have contributed to the manuscript and agreed to its
submission.

Competing interests

Jordi Rodén reports receiving consulting and travel fees from Novartis, Eli
Lilly, Orion Pharmaceuticals, Servier Pharmaceuticals, Peptomyc, Merck Sharp
& Dohme, Kelun Pharmaceutical/Klus Pharma, Spectrum Pharmaceuticals

Inc, Pfizer, Roche Pharmaceuticals, Ellipses Pharma, NovellusDx, lonctura and
Molecular Partners (including serving on the scientific advisory board from
2015-present), receiving research funding from Blueprint Pharmaceuticals,
Bayer and Novartis; David Demanse, Huilin Hu, Dragica Vuina, Cornelia Quadt
report employment and stock ownership from Novartis; Hope S. Rugo reports
grants from Plexxikon, Macrogenics, OBI Pharma, Eisai, Pfizer, Novartis, Eli Lilly,
GlaxoSmithKline, Genentech, Celsion, Merck; fees for travel, accommodations,
and expenses from Novartis, Roche/Genentech, OBl Pharma, Bayer, and Pfizer;
speaker’s bureau for Genomic Health; Howard A. Burris, Rafael Simo, Melissa

F. Wellons have nothing to report; Azeez Farooki reports being a member of

a data safety monitoring board for a current Novartis study; Fabrice André
reports research funding from AstraZeneca, Lilly, Novartis, Pfizer, Roche; Dejan
Juric reports scientific advisory board for Novartis, Genentech, Eisai, Ipsen,
EMD Serono.

Author details

'Division of Cancer Medicine, Department of Investigational Cancer Therapeu-
tics, The University of Texas MD Anderson Cancer Center, 1515 Holcombe Blvd,
Houston, TX 77030, USA. 2Early Development Biostatistics, Novartis Pharma
AG, Basel, Switzerland. *Division of Hematology and Oncology, Department
of Medicine, University of California San Francisco Helen Diller Family Com-
prehensive Cancer Center, San Francisco, CA, USA. *Department of Oncology,
Sarah Cannon Research Institute, Tennessee Oncology Professional Limited
Liability Corporation, Nashville, TN, USA. *Diabetes and Metabolism Research
Unit, Vall d'Hebron Research Institute, Barcelona, Spain. 6Departmem of Medi-
cine and Endocrinology, Autonomous University of Barcelona, Barcelona,
Spain. ’Centro de Investigacién Biomédica en Red de Diabetes y Enferme-
dades Metabdlicas Asociadas, Instituto de Salud Carlos Ill, Madrid, Spain.
8Endocrinology Service, Department of Medicine, Memorial Sloan Kettering
Cancer Center, New York, NY, USA. “Vanderbilt University Medicine Center,
Nashville, TN, USA. 10Departmen‘[ of Medical Oncology, INSERM U981, Gustave
Roussy, Université Paris-Sud, Villejuif, France. '"Novartis Pharmaceuticals
Corporation, East Hanover, NJ, USA. 12Novartis Pharma AG, Basel, Switzerland.
BTranslational Clinical Oncology, Novartis Pharma AG, Basel, Switzerland.
MDepartmem of Medicine, Massachusetts General Hospital Cancer Center,
Boston, MA, USA.

Received: 18 August 2023 Accepted: 18 January 2024
Published online: 04 March 2024

References

1. Mollon L, Aguilar A, Anderson E, Dean J, Davis L, Warholak T, Aizer AA,
Platt E, Bardiya A, Tang D. A systematic literature review of the prevalence
of PIK3CA mutations and mutation hotspots in HR+/HER2-metastatic
breast cancer. Cancer Res. 2018;78(13_Supplement):1207.

2. Howlader N, Cronin KA, Kurian AW, Andridge R. Differences in breast can-
cer survival by molecular subtypes in the United States. Cancer Epidemiol
Prev.2018;27(6):619-26.

3. Miller TW, Rexer BN, Garrett JT, Arteaga CL. Mutations in the phosphati-
dylinositol 3-kinase pathway: role in tumor progression and therapeutic
implications in breast cancer. Breast Cancer Res. 2011;13(6):224.


https://doi.org/10.1186/s13058-024-01773-1
https://doi.org/10.1186/s13058-024-01773-1

Rodén et al. Breast Cancer Research (2024) 26:36

20.

21

22.

Cancer Genome Atlas Network. Comprehensive molecular portraits of
human breast tumours. Nature. 2012:490(7418):61-70.

National Comprehensive Cancer Network. Breast cancer V4.2023. https://
www.nccn.org/professionals/physician_gls/pdf/breast.pdf

Rugo HS, Rumble RB, Macrae E, Barton DL, Connolly HK, Dickler MN,
Fallowfield L, Fowble B, Ingle JN, Jahanzeb M. Endocrine therapy for
hormone receptor-positive metastatic breast cancer: American Society of
Clinical Oncology Guideline. J Clin Oncol. 2016;34(25):3069-103.
Cardoso F, Paluch-Shimon S, Senkus E, Curigliano G, Aapro MS, Andre F,
Barrios CH, Bergh J, Bhattacharyya GS, Biganzoli L, et al. 5th ESO-ESMO
international consensus guidelines for advanced breast cancer (ABC 5).
Ann Oncol. 2020;31(12):1623-49.

Ellis H, Ma CX. PI3K inhibitors in breast cancer therapy. Curr Oncol Rep.
2019;21(12):110.

Fritsch C, Huang A, Chatenay-Rivauday C, Schnell C, Reddy A, Liu M,
Kauffmann A, Guthy D, Erdmann D, De Pover A. Characterization of

the novel and specific PI3Ka inhibitor NVP-BYL719 and development

of the patient stratification strategy for clinical trials. Mol Cancer Ther.
2014;13(5):1117-29.

Pigray (alpelisib) [package insert]. Novartis Pharmaceuticals Corporation;
2022.

. Pigray (alpelisib) [internet]. European Medicines Agency 2023. https://

www.ema.europa.eu/en/medicines/human/summaries-opinion/piqgray
André F, Ciruelos E, Rubovszky G, Campone M, Loibl S, Rugo HS, Iwata

H, Conte P, Mayer IA, Kaufman B, et al. Alpelisib for PIK3CA-mutated,
hormone receptor—positive advanced breast cancer. N Engl J Med.
2019;380(20):1929-40.

Rugo HS, André F, Yamashita T, Cerda H, Toledano |, Stemmer S, Jurado J,
Juric D, Mayer |, Ciruelos E. Time course and management of key adverse
events during the randomized phase 3 SOLAR-1 study of PI3K inhibitor
alpelisib plus fulvestrant in patients with HR-positive advanced breast
cancer. Ann Oncol. 2020;31(18):1001-10.

Baselga J, Faye Dent S, Cortés J, Im Y-H, Diéras V, Harbeck N, Krop IE,
Verma S, Wilson TR, Jin H, et al. Phase Ill study of taselisib (GDC-0032)

+ fulvestrant (FULV) v FULV in patients (pts) with estrogen receptor
(ER)-positive, PIK3CA-mutant (MUT), locally advanced or metastatic
breast cancer (MBC): Primary analysis from SANDPIPER. J Clin Oncol.
2018;36(18_Suppl):.LBA10006.

Baselga J, Im S-A, Iwata H, Cortés J, De Laurentiis M, Jiang Z, Arteaga CL,
Jonat W, Clemons M, Ito Y. Buparlisib plus fulvestrant versus placebo
plus fulvestrant in postmenopausal, hormone receptor-positive, HER2-
negative, advanced breast cancer (BELLE-2): a randomised, double-blind,
placebo-controlled, phase 3 trial. Lancet Oncol. 2017;18(7):904-16.

Juric D, Rodon J, Tabernero J, Janku F, Burris HA, Schellens JH, Middleton
MR, Berlin J, Schuler M, Gil-Martin M. Phosphatidylinositol 3-kinase a-
selective inhibition with alpelisib (BYL719) in PIK3CA-altered solid tumors:
results from the first-in-human study. J Clin Oncol. 2018;36(13):1291.
Juric D, Janku F, Rodén J, Burris HA, Mayer IA, Schuler M, Seggewiss-Bern-
hardt R, Gil-Martin M, Middleton MR, Baselga J. Alpelisib plus fulvestrant
in PIK3CA-altered and PIK3CA-wild-type estrogen receptor—positive
advanced breast cancer: a phase 1b clinical trial. JAMA Oncol. 2019;5(2):
e184475.

Rugo HS, Lerebours F, Ciruelos E, Drullinsky P, Ruiz-Borrego M, Neven

P, Park YH, Prat A, Bachelot T, Juric D, et al. Alpelisib plus fulvestrant in
PIK3CA-mutated, hormone receptor-positive advanced breast cancer
after a CDK4/6 inhibitor (BYLieve): one cohort of a phase 2, multicentre,
open-label, non-comparative study. Lancet Oncol. 2021,22(4):489-98.
Bastien P. Deviance residuals based PLS regression for censored data in
high dimensional setting. Chemom Intell Lab Syst. 2008,91(1):78-86.
Biemann R, Roomp K, Noor F, Krishnan S, Li Z, Shahzad K, Borucki K, Luley
C, Schneider JG, Isermann B. Gene expression profile of CD14(+) blood
monocytes following lifestyle-induced weight loss in individuals with
metabolic syndrome. Sci Rep. 2020;10(1):17855.

Ghanim H, Aljada A, Hofmeyer D, Syed T, Mohanty P, Dandona P. Circulat-
ing mononuclear cells in the obese are in a proinflammatory state.
Circulation. 2004;110(12):1564-71.

Borrego MR, Tolosa P, Blanch S, Ferndndez A, Urriticoechea A, Blan-

cas |, Saura C, Rojas B, Bermejo B, Ponce J, et al. Metformin (MET)

for the prevention of alpelisib (ALP)-related hyperglycemia (HG) in
PIK3CA-mutated, hormone receptor-positive (HR[+]) HER2-negative

Page 10 of 10

(HER2[-]) advanced breast cancer (ABC) the METALLICA study. Cancer Res.
2023;85(5_Supplement):PD8-02.

23. Heagerty PJ, Lumley T, Pepe MS. Time-dependent ROC curves
for censored survival data and a diagnostic marker. Biometrics.
2000;56(2):337-44.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.


https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.nccn.org/professionals/physician_gls/pdf/breast.pdf
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/piqray
https://www.ema.europa.eu/en/medicines/human/summaries-opinion/piqray

	A risk analysis of alpelisib-induced hyperglycemia in patients with advanced solid tumors and breast cancer
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 

	Background
	Methods
	Study design and setting
	Participants
	Procedures
	Statistical modeling of grade 34 hyperglycemic events
	Analysis of high- and low-risk patients with hyperglycemia in SOLAR-1 and BYLieve


	Results
	Patient population and hyperglycemia events
	Model development
	Model application

	Discussion
	Conclusions
	References


