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Treatment of two infants with PIK3CA-related
overgrowth spectrum by alpelisib
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PIK3CA-related overgrowth spectrum (PROS) includes rare genetic conditions due to gain-of-function mutations in the PIK3CA
gene. There is no approved medical therapy for patients with PROS, and alpelisib, an approved PIK3CA inhibitor in oncology,
showed promising results in preclinical models and in patients. Here, we report for the first time the outcome of two infants
with PROS having life-threatening conditions treated with alpelisib (25 mg) and monitored with pharmacokinetics. Patient
1 was an 8-mo-old girl with voluminous vascular malformation. Patient 2 was a 9-mo-old boy presenting with asymmetrical
body overgrowth and right hemimegalencephaly with West syndrome. After 12 mo of follow-up, alpelisib treatment was
associated with improvement in signs and symptoms, morphological lesions and vascular anomalies in the two patients. No
adverse events were reported during the study. In this case series, pharmacological inhibition of PIK3CA with low-dose alpelisib
was feasible and associated with clinical improvements, including a smaller size of associated complex tissue malformations
and good tolerability.

Introduction

PIK3CA-related overgrowth spectrum (PROS) includes rare ge-
netic conditions due to somatic gain-of-function mutations in
the PIK3CA gene (Keppler-Noreuil et al., 2015). PIK3CA is a
ubiquitously expressed lipid kinase that controls signaling
pathways participating in cell proliferation, motility, survival,
and metabolism (Vanhaesebroeck et al., 2012). Patients usually
have complex tissue malformations, including abnormal vessels,
excess adipose tissue, muscle hypertrophy, and bone deforma-
tion (Canaud et al., 2021). There are no approved medical
therapeutics for patients with PROS. Patients mainly receive
supportive care including surgery, sclerotherapy, and psycho-
logical and nutritional support (Canaud et al., 2021). Since at the
cellular level, PIK3CA recruits the AKT/mechanistic target of

rapamycin pathway (Vanhaesebroeck et al., 2012), some patients
are treated with mechanistic target of rapamycin inhibitors.
These drugs are associated with some degree of improvement in
vascular malformations, but these therapeutics have moderate
and inconsistent effects on the volume of the overgrowth
(Parker et al., 2019). PROS often results in severe disabilities
with deleterious social consequences and premature death (Reis
et al., 2018). Gain-of-function variants of PIK3CA are frequently
observed in numerous malignant tissues that have targeted
drugs (André et al., 2019; Morin and Canaud, 2021).

Recently, alpelisib, a pharmacological inhibitor of PIK3CA
approved in oncology for the treatment of advanced breast
cancer (André et al., 2019), was demonstrated to be efficient at
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preventing and improving organ dysfunction in a preclinical
mouse model of PROS and showed encouraging preliminary
results in adult and pediatric patients with severe forms of PROS
(Castel et al., 2016; Garneau et al., 2021; Lépez Gutiérrez et al.,
2019; Pagliazzi et al., 2021; Venot et al., 2018). Alpelisib was also
demonstrated to be particularly efficient on the lymphatic
compounds of the malformations in a mouse model and in pa-
tients including pediatrics (Delestre et al., 2021). Indeed, alpe-
lisib is currently being investigated in clinical trials for this
indication (NCT04285723 for EPIK-P1, NCT04589650 for EPIK-
P2, and NCT04980833 for EPIK-P3). However, efficacy, safety,
and pharmacokinetic (PK) data in very young patients are
lacking. Here, we report the efficacy and safety outcomes of oral
alpelisib at 25 mg used for the treatment of two infants with
PROS who were monitored with PK.

Results and discussion

Patient 1 was a 9-mo-old girl born with PROS (previously called
congenital lipomatous overgrowth, vascular malformations,
epidermal nevis, spinal/skeletal anomalies/scoliosis) with se-
vere clinical presentation associated with mixed, lymphatic, and
venous malformations, involving retroperitoneum, pelvis, and
right limb (Fig. 1 A). Malformations were associated with
asymmetrical overgrowth of the right limb and the foot, bilateral
toes macrodactyly, and macrodactyly of the second, third, and
fourth fingers of the right hand (Fig. 1 A). Skin biopsy performed
on the right limb at day 4 of life and targeted genetic analysis
identified a c.1349_1366del, p.His450_Leu455del, PIK3CA variant
with a frequency of 3%. During the first 6 mo of life, she had four
episodes of cellulitis with septic shock and one episode of fem-
oral deep venous thrombosis. At the age of 6 mo, preventive
treatment with warfarin and phenoxymethylpenicillin was in-
stituted, but cellulitis recurred. Magnetic resonance imaging
(MRI) showed diffuse venous and lymphatic malformations of
the right limb with subcutaneous and intramuscular localization
and pelvic and retroperitoneal extension (Fig. 1 B). Lesions were
not accessible to surgery or interventional procedures. Addi-
tionally, because of the malformation, she could not stand up or
walk. Biological examination showed moderate nonregenerative
anemia due to chronic inflammatory syndrome in the context of
recurrent infections and local bleeding (Fig. 1 E). At 9 mo of age,
because of the life-threatening condition, we started alpelisib at
a dose of 25 mg/d. Alpelisib introduction was associated with
rapid clinical improvement, including capillary malformation
discoloration, and important volume reduction of the right leg
and the mixed vascular malformations (Fig. 1 A). After 12 mo of
treatment, the right leg was less infiltrated, and the foot was
more flexible. She was able to stand up and to walk with assis-
tance. During the follow-up, no episodes of inflammatory flares
or infections were noticed. We could stop the preventive ad-
ministration of phenoxymethylpenicillin and warfarin 3 mo and
11 mo after alpelisib introduction, respectively. MRI showed a
decrease in the volume of lymphatic malformations of the right
leg from 837.4 cm?® before alpelisib introduction to 454.3 and
321.9 cm® over 6 and 12 mo on alpelisib, respectively (change
from baseline to 6 mo was —45.7% and to 12 mo was -61.5%; Fig. 1
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B and Fig. S1). Following alpelisib introduction, we observed a
progressive reduction in the volume of the hand macrodactyly
(Fig. 1 A). Before alpelisib introduction, we noticed faltering
growth (Fig. 1 C) associated with low circulating IGF1 levels
(Fig. 1 D). Following alpelisib, we noticed that growth was re-
stored (Fig. 1 C). This was associated with a correction of the
circulating levels of IGF1 (Fig. 1 D). Biologically, we observed a
progressive increase in hemoglobin levels (Fig. 1 E) and no
changes in HbAlc, cholesterol, or triglyceride levels (Fig. 1 F).
During the follow-up, no adverse events were reported by either
parents or treating physicians.

Patient 2 was an 8-mo-old boy with PROS (previously called
megalencephaly capillary malformation). He presented with
right hemimegalencephaly; asymmetrical overgrowth of the
right buttock, limb, and foot; diffuse superficial capillary
malformations; and discrete hypertrophy of the right cheek
(Fig. 2 A). On day 18 of life, a skin biopsy was performed on
the capillary malformation of the left leg, and a c.3132T>A,
p.Asnl044Lys, PIK3CA variant was identified with a frequency of
14.8%. At 2 mo, he developed West syndrome with flexion
spasms and left hemiparesis. Brain MRI revealed the presence of
right hemimegalencephaly with increased volume of the right
hemisphere and thickening of the cortex with morphological
anomalies of the sulci suggestive of pachygyria and develop-
mental venous anomalies (Fig. 2 B). Electroencephalogram
showed right temporoparietal fast rhythms, and biological ex-
amination showed anemia with hypercholesterolemia. Treat-
ment with vigabatrin and steroids was instituted, and spasms
disappeared. Because of neurological concerns, delayed acquisi-
tion, and global hypotonia, alpelisib was started at a dose of
25 mg/d at the age of 8 mo.

Following alpelisib introduction, clinical spasms did not
relapse, and psychomotor development was normal. Elec-
troencephalogram performed at 3 and 6 mo after alpelisib
introduction showed globally stable tracing, with persistence of
a right temporal interictal epileptic activity. Because of epilepsy
improvement, vigabatrin was stopped 8 mo following alpelisib
introduction and replaced by sodium valproate. Sodium val-
proate and steroids are planned to be stopped within the next 6
mo now. Although we noticed progress in behavior and acqui-
sition, it was very hard to distinguish between normal pro-
gression or improvement related to alpelisib. Clinically, we
observed capillary malformation discoloration and gain in to-
nicity with walk acquisition (Fig. 2 A). In patient 1, we noticed
faltering growth (Fig. 2 C) associated with low circulating IGF1
levels before alpelisib introduction (Fig. 2 D), which were re-
stored after starting the drug (Fig. 2, C and D). Following alpe-
lisib introduction, head circumference seemed to show moderate
inflection (Fig. 2 E). Biologically, hemoglobin and cholesterol
levels were progressively corrected (Fig. 2 F). We observed
transient hypertriglyceridemia at month 3 after alpelisib in-
troduction (Fig. 2 F). HbAlc remained stable during the follow-
up (Fig. 2 F). Brain MRI at 3 and 12 mo did not reveal any
modification of the right encephala anatomy (Fig. 2 B). No
adverse events were reported during the follow-up in patient 2.

To monitor exposure for safety precaution considerations,
we performed PK analysis of alpelisib and its first metabolite
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Figure 1. Changes associated with alpelisib in a 9-mo-old patient with a severe form of PROS. (A) Representative pictures of the vascular malformations
of the pelvis and right leg before and then following alpelisib introduction. Lower right: Macrodactyly of the right hand before and then 12 mo after alpelisib
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introduction. (B) Coronal STIR-weighted MRI of the legs of patient 1 before and following alpelisib introduction (scale bar: 10 cm). (C) Growth characteristics
before and after alpelisib introduction. (D) Circulating IGF1 levels before and following alpelisib introduction. The pink area shows normal values of the
laboratory for the age. (E) Hemoglobin and reticulocyte levels before and after alpelisib introduction. The pink area shows normal values of the laboratory for
the age. (F) HbAlc, cholesterol, and triglyceride levels before and following alpelisib introduction. The pink area shows normal values of the laboratory for

the age.

(BZG791). Samples were collected in both patients at 3 h after
dose on the first day of treatment and at before dose and 3 h after
dose on day 84. The results are shown in Table 1. The steady-
state Cmax (maximum serum concentration achieved by a drug)
in young infants at the 25-mg dose was similar to the observed
steady-state Cmax in adult cancer patients in the 60-90 mg dose
range (475-849 ng/ml), and much lower than that in adult
cancer patients at the approved 300-mg dose. In adult cancer
patients, accumulation was minimal (1.3-1.5-fold for per-day
[QD] dosing). However, the accumulation in these two infants
was higher (approximately fourfold for QD dosing) based on
Cmax. The relative abundance of the major metabolite BZG791
compared with alpelisib in adult cancer patients was 20-30%,
but it was likely to be lower in these infants.

In this report, two infants with PROS treated with alpelisib
demonstrated clinical, biological, and radiological improve-
ments. Alpelisib was not associated with adverse events during
the 12-mo follow-up. Faltering growth was restored following
alpelisib introduction in both patients.

In a proof-of-concept study, we recently demonstrated al-
pelisib efficacy in a mouse model of PROS and in a few patients
(Venot et al., 2018). These data were then confirmed in addi-
tional case reports (Garneau et al., 2021; Lépez Gutiérrez et al.,
2019; Pagliazzi et al., 2021) and very recently in the EPIK-P1
clinical trial (NCT04285723), a retrospective chart review of
patients receiving alpelisib for compassionate use under a
managed access program (Canaud, G., J.C. Lépez Gutiérrez, A.
Irvine, N. Ankrah, A. Papadimitriou, A. Ridolfi, and D.M. Adams.
2021. European Society for Medical Oncology Annual Meeting.
Abstr. LBA23). However, in the EPIK-P1 study, no infants were
included, and no PK analysis were performed. Currently, a
randomized controlled study is ongoing to assess the efficacy of
alpelisib in patients with PROS (EPIK P2-NCT04589650). In
EPIK-P2, no children under 2 yr of age are eligible, and pre-
liminary results are expected in 2024. Therefore, the data pre-
sented here are unique, since we report the first infants ever
treated with alpelisib, and we provide for the first time PK
analysis in patients with PROS.

Interestingly, we recently created a mouse model of specific
PIK3CA gain-of-function mutation specifically in lymphatic en-
dothelial cells and demonstrated in the mouse model and then in
patients, including pediatrics (2-39 yr old), that alpelisib was
very efficient at improving isolated or generalized lymphatic
malformations (Delestre et al., 2021). This observation is con-
sistent with the dramatic improvement observed in patient
1 that presented with complex and extensive vascular malfor-
mations mixing lymphatic and vein anomalies. In the present
paper, we have tried to provide objective changes to support the
efficacy of alpelisib in the two patients. Indeed, we could mea-
sure and monitor the volume of the malformations in patient
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1 using MRI. In addition, biological changes were observed fol-
lowing alpelisib initiation such as the correction of anemia in
both patients. Anemia in patients with PROS is explained by
chronic bleeding, inflammation, or malabsorption (Canaud et al.,
2021). Meaningful clinical impacts were also noticed. Notably,
following alpelisib initiation, patient 1 did not experience any
new sepsis or hospitalization. In patient 2, alpelisib initiation
was associated with the control of epilepsy. The impact of
PIK3CA inhibition on epilepsy is intriguing since the drug is not
supposed to cross the blood-brain barrier. It is tempting to
speculate that alpelisib induces modifications of the cerebral
microcirculation leading to improved perfusion, and/or that an
abnormal blood-brain barrier allows the passage of alpelisib or
its derivative in patients with megalencephaly. The effect of this
drug on this specific population deserves further investigation.

We further noticed correction of the faltering growth in both
patients. We have attributed the low IGF1 circulating levels ob-
served in both patients to the chronic illness (Suris et al., 2004),
and their resumption may be favored by the improvement of
patients’ general condition (Suris et al., 2004).

PK data of alpelisib reported here are the first obtained in
patients with PROS and the first PK data obtained in pediatric
patients of any disease status. These data, even limited, sug-
gested higher accumulation of alpelisib and lower relative a-
bundance of the major metabolite M4 (BZG791) in these two
young children, indicating likely lower clearance and longer
half-life of alpelisib in these young children with PROS com-
pared with adult cancer patients (Bertho et al., 2021). The Cmax
observed following 25 mg alpelisib in these children was well
below the approved adult dose of 300 mg in adult cancer pa-
tients (steady-state Cmax ~3,000 ng/ml; Bertho et al., 2021).
Given the well-established safety profile of alpelisib at the ap-
proved 300-mg dose in adults, these low exposures support the
continuous treatment of 25 mg alpelisib in these young patients
with PROS.

The limitations of the study include the variability of the
clinical presentation of patients in this work, the small number
of patients, and the potential patient selection bias since only
patients with severe forms of PROS were treated with alpelisib.

In conclusion, alpelisib in these two infants gave encouraging
results that should be interpreted with caution and will have to
be confirmed by future studies.

Materials and methods

The two patients were treated at Hopital Necker Enfants Mal-
ades, Université de Paris, under a compassionate use program.
This program was approved by French regulatory agency
(Agence nationale de sécurité du médicament et des produits de
santé) for patients with severe conditions and for whom no
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Figure 2. Changes associated with alpelisib in an 8-mo-old patient with a severe form of PROS and hemimegalencephaly. (A) Representative pictures
of overgrowth of the right limb and vascular malformations of the left leg before and then following alpelisib introduction. (B) Brain MRI of patient 2 before and
following alpelisib introduction (scale bar: 5 cm). ASL, arterial spin labeling. (C) Growth characteristics before and after alpelisib introduction. (D) Evolution of
head circumference before and after alpelisib introduction. (E) Circulating IGF1 levels before and following alpelisib introduction. The pink area shows normal
values of the laboratory for the age. (F) Hemoglobin and reticulocyte levels before and after alpelisib introduction. The pink area shows normal values of the
laboratory for the age. (G) HbAIC, cholesterol, and triglyceride levels before and following alpelisib introduction. The pink area shows normal values of the
laboratory for the age.

other treatment is feasible. In this context, parents provided The study was conducted from July 2020 to August 2021.
their consent. Predefined efficacy and safety assessments were Patients had a documented PIK3CA gain-of-function variant in
performed to monitor the efficacy and safety of treatment. Ex-  affected tissues and no family history of overgrowth syndrome.

ceptionally, in these two cases, PK samples were taken to inform Patients underwent MRI follow-up before alpelisib intro-
the best management of the patient. duction and then at 6 and 12 mo on treatment. For patient 1, as a
Morin et al. Journal of Experimental Medicine
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Table 1. PK results following oral 25-mg alpelisib in the two infants

Time Alpelisib concentration (ng/ml) BZG791 concentration (ng/ml)

Patient 1

First dose 3 h after dose 96.1 3.26
Steady-state 0 h before dose (Ctrough, ss) 188 6.82
Steady-state 3 h after dose (Cmax, ss) 543 11.6
Patient 2

First dose 3 h after dose 240 119
Steady-state 0 h before dose (Ctrough, ss) 85.5 4.88
Steady-state 3 h after dose (Cmax, ss) 835 28.8

Ctrough, concentration reached by a drug immediately before the next dose

lesion of interest, we monitored pelvic and right leg malforma-
tions using T1-, T2-, and short TI inversion recovery (STIR)-
weighted sequences. Volumetric evaluation of the lesion was
determined with 3D Slicer software by thresholding and delin-
eating the contours of the lesion image by image (Fedorov et al.,
2012). Volume was calculated by summing images based on the
two-dimensional contours and slice thickness. For patient 2, the
brain was monitored. Three-dimensional (3D) T1, T2 axial, 3D
flair, 3D star-weighted angiography, diffusion, arterial spin la-
beling, T1, and T1-fat saturation with gadolinium-weighted se-
quences were used.

Alpelisib was delivered orally every morning during break-
fast at a dose of 25 mg QD, and this regimen began in the
hospital.

Adverse events were graded according to the National Cancer
Institute Common Terminology Criteria for Adverse Events,
version 5.0. Glycemia was monitored before every meal over
1 wk and then stopped. Patients underwent regular physical
examination. The growth of the children was monitored at each
clinical appointment. Laboratory evaluation was performed at
baseline before drug initiation and then on the same schedule as
clinical follow-up. Blood tests included blood electrolytes; com-
plete blood count with platelets; and measurements of the levels
of C-reactive protein, D-dimer, fibrinogen, HbAlc, low-density
lipoprotein cholesterol, triglycerides, alanine aminotransferase,
aspartate aminotransferase, alkaline phosphatase, serum creat-
inine, blood urea nitrogen, creatine phosphokinase, amylase,
lipase, lactate dehydrogenase, IGF1, and serum uric acid. Urinary
dipstick testing was performed.

Clinical characteristics and laboratory and imaging meas-
urements were compared descriptively between prior and
following alpelisib introduction. Data from the two patients
were available during the 12-mo follow-up. Because of the
small number of cases, formal statistical testing was not con-
ducted; the findings should be interpreted as descriptive and
exploratory.

In both patients, PK analysis of alpelisib and its first metab-
olite (BZG791) was performed at two time points, 3 h following
the first dose of alpelisib and then on day 84 of treatment. For
the latter, alpelisib and its metabolites were measured at steady-
state before dose and then 3 h after dose. PK analysis was

Morin et al.
Alpelisib in infants with PIK3CA-related overgrowth spectrum

is administered; ss, steady-state.

performed to support the management of alpelisib in case of
safety issues. At the request of the treating physicians, PK was
performed by Novartis.

Online supplemental material
Fig. S1 provides additional radiological changes associated with
alpelisib in patient 1.

Data availability
All the data are presented in the main text.
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Figure S1. Radiological changes associated with alpelisib in a 9-mo-old patient with a severe form of PROS. Coronal STIR-weighted MRI with 3D
reconstruction of the legs of patient 1 before and following alpelisib introduction (scale bar: 10 cm).
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