
  
CENTER FOR DRUG EVALUATION AND 

RESEARCH 
 
 

APPLICATION NUMBER: 
 

212526Orig1s000 
 
 

OTHER REVIEW(S) 



PMA P190001:  FDA Summary of Safety and Effectiveness Data Page 1

SUMMARY OF SAFETY AND EFFECTIVENESS DATA (SSED)

I. GENERAL INFORMATION

Device Generic Name: Real-time PCR Test

Device Trade Name:  therascreen® PIK3CA RGQ PCR Kit

Device Procode: OWD

Applicant’s Name and Address: QIAGEN GmbH
QIAGEN Strasse 1
Hilden, 40724
Germany

Date(s) of Panel Recommendation: None

Premarket Approval Application (PMA) Number: P190001

Date of FDA Notice of Approval: May 24, 2019

The current PMA was submitted for an indication for the therascreen PIK3CA RGQ 
PCR Kit to identify 11 mutations in the phosphatidylinositol 3-kinase catalytic subunit 
alpha (PIK3CA) gene (Exon 7: C420R; Exon 9: E542K, E545A, E545D [1635G>T 
only], E545G, E545K, Q546E, Q546R; and Exon 20: H1047L, H1047R, H1047Y)
using genomic DNA (gDNA) extracted from formalin-fixed, paraffin-embedded (FFPE) 
breast tumor tissue from breast cancer patients who may be eligible for treatment for 
treatment with PIQRAY® (alpelisib).

Another PMA (P190004) for the same device using plasma specimens was also submitted 
for the qualitative detection of same 11 mutations in PIK3CA gene (Exon 7: C420R; 
Exon 9: E542K, E545A, E545D [1635G>T only], E545G, E545K, Q546E, Q546R; and 
Exon 20: H1047L, H1047R, H1047Y) from circulating tumor DNA (ctDNA) isolated
from K2EDTA plasma from breast cancer patients for the treatment with PIQRAY 
(alpelisib). P190004 was also approved on May 24, 2019 in conjunction with P190001 
approval.

The summary of safety and effectiveneww data (SSED) to support the indication is 
available on the Center for Devices and Radiological  Health (CDRH) website. 

II. INDICATIONS FOR USE

The therascreen PIK3CA RGQ PCR Kit is a real-time qualitative PCR test for the 
detection of 11 mutations in the phosphatidylinositol 3-kinase catalytic subunit alpha 
(PIK3CA) gene (Exon 7: C420R; Exon 9: E542K, E545A, E545D [1635G>T only], 
E545G, E545K, Q546E, Q546R; and Exon 20: H1047L, H1047R, H1047Y) using 
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genomic DNA (gDNA) extracted from formalin-fixed, paraffin-embedded (FFPE) 
breast tumor tissue or circulating tumor DNA (ctDNA) from plasma derived from 
K2EDTA anticoagulated peripheral whole blood taken from patients with breast cancer. 

The test is intended to aid clinicians in identifying breast cancer patients who may be 
eligible for treatment with PIQRAY® (alpelisib) based on a PIK3CA Mutation Detected 
result. Patients whose FFPE tissue or plasma specimen produces a positive therascreen
PIK3CA RGQ PCR Kit test result for the presence of one or more PIK3CA mutations 
are eligible for treatment with PIQRAY (alpelisib). Patients whose plasma specimen 
produces a negative result using this test should be reflexed to testing with FFPE tumor 
tissue for the presence of PIK3CA mutations. 

FFPE tumor specimens are processed using the QIAamp DSP DNA FFPE Tissue Kit 
for manual sample preparation. K2EDTA anticoagulated whole peripheral venous blood 
plasma specimens are processed using the QIAamp DSP Circulating Nucleic Acid Kit 
for manual sample preparation. For both specimen types, the Rotor-Gene Q (RGQ) 
MDx (US) instrument is used for automated amplification and detection. The Kit is to 
be used by trained personnel in a professional laboratory environment.

III. CONTRAINDICATIONS

There are no known contraindications.

IV. WARNINGS AND PRECAUTIONS

The warnings and precautions can be found in the therascreen® PIK3CA RGQ PCR Kit
labeling.

V. DEVICE DESCRIPTION

The following components comprise the overall device for testing FFPE tumor 
specimens. 
:

QIAGEN QIAamp DSP DNA FFPE Tissue Kit 
QIAGEN therascreen PIK3CA RGQ PCR Kit
QIAGEN Rotor-Gene Q (RGQ) MDx Instrument with Automated data analysis and 
results interpretation using Rotor-Gene AssayManager® (RGAM) software version 
2.1, Gamma MDx plug-in version 1.0.0, and therascreen PIK3CA MDx Assay 
Profile version 1.0.0 (therascreen_PIK3CA_FFPE_MDx)

Specimen Preparation

FFPE blocks from breast cancer patients are cut into 4-5μm sections and mounted onto 
glass slides. A hematoxylin and eosin (H&E) stained slide is used to confirm that there is 
tumor present. For extraction from resected tissue samples (RES), two non-stained tissue 
sections are scraped from the slide for Deoxyribonucleic Acid (DNA) extraction. For 
core needle biopsy (CNB) samples, between one and six sections are required for 
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extraction to obtain the total effective tumor area of at least 20 mm2. If, however, 20 mm2

is not achievable with 6 CNB sections, then extraction is performed with a maximum of 6
CNB sections. If a resected sample has a tumor content <10% in the region of interest 
(ROI), then the sample must be macrodissected.

DNA is manually extracted and purified using the QIAGEN QIAamp DSP DNA FFPE 
Tissue Kit. The FFPE sample is deparaffinized with xylene, the xylene supernatant is 
then removed, and any residual xylene is extracted with ethanol. The sample is lysed 
under denaturing conditions with proteinase K for one hour at 56°C. The sample is heated 
for one hour at 90°C to reverse formalin cross-linking of genomic DNA (gDNA). The 
sample is passed through a silica-based membrane so that the gDNA binds to the 
membrane and any contaminants are removed. The membrane is washed multiple times 
with buffers (using a centrifuge to increase flow rates through the membrane). Purified 
gDNA is eluted from the membrane using elution buffer (ATE) from the QIAamp DSP 
DNA FFPE Tissue Kit. Elution volumes vary by sample type (RES or CNB) to maintain 
the desired or expected DNA concentration. For RES, the gDNA samples must be eluted 
with 120μL of ATE, while for CNB, the gDNA samples must be eluted with 70μL of 
ATE.

PCR Amplification and Detection

The QIAGEN therascreen PIK3CA RGQ PCR Kit contains reagents for the detection of 
11 individual mutations in exons 7, 9, and 20 of the phosphoinositide-3-kinase, catalytic, 
alpha (PIK3CA) gene, and a region in exon 15 of the PIK3CA gene used as a Control 
Reaction. The detection of the 11 individual mutations and region in exon 15 of the 
PIK3CA gene is achieved using six reaction mixes listed below: 

Table 1: PIK3CA Mutations Detected by the therascreen PIK3CA RGQ PCR Kit
Reaction 

Mix
PIK3CA 
Mutation

Base 
change Exon COSMIC ID1

1 Control 
Reaction N/A 15 N/A

2 E542K 1624 G>A 9 760
3 E545K 1633 G>A

9
763

E545D 1635 G>T 765
E545G 1634 A>G 764

4 E545A 1634 A>C 9 12458
H1047Y 3139 C>T 20 774
Q546R 1637 A>G 9 12459

5 C420R 1258 T>C 9 757
Q546E 1636 C>G 7 6147

6 H1047L 3140 A>T 20 776
H1047R 3140 A>G 775

1COSMIC IDs taken from the Catalogue of Somatic Mutations in Cancer: 
https://cancer.sanger.ac.uk/cosmic
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The therascreen PIK3CA RGQ PCR Kit uses real-time PCR with the following 
technologies for PIK3CA sequence related amplification and detection: ARMS® Primers,
LNA® Probes, TaqMan® Probes, Minor Groove Binding (MGB™) Probes, and PCR 
Clamps for Wild Type (WT) and pseudogene sequences.

PCR uses forward and reverse primers to hybridize to a specific DNA sequence to amplify 
it. The ARMS technique is based on the use of mutation sequence-specific PCR primers that 
allow amplification of test DNA only when the target allele is contained within the sample.

In addition to the primers, dye-linked oligonucleotides (i.e., probes; e.g., LNA, TaqMan 
and MGB) are contained in the reaction mixes. The probes, which are labeled with a 5' 
reporter dye (carboxyfluorescein [FAM™]) and a downstream, 3' dye-free quencher (i.e., 
BHQ1) which quenches the fluorescence of the reporter dye, also hybridize to the target 
sequence between the primers. When a probe is intact, the proximity of the reporter dye to 
the quencher results in suppression of the reporter fluorescence primarily by Förster-type 
energy transfer.

PCR clamp technology allows selective amplification of the mutant sequence. PCR clamps 
matched to WT or pseudogene sequence bind to the template and prevent amplification by 
interference with primer elongation. There are two types of PCR clamps used within the 
therascreen PIK3CA RGQ PCR Kit; peptide nucleic acids (PNAs) and 3' phosphate groups.

During PCR, forward and reverse primers and a probe bind to the target sequence. DNA 
polymerase extends the primers and the 5' to 3' exonuclease activity of the enzyme cleaves 
the probe between the reporter and the quencher leading to an increase in detectable reporter 
fluorescence. This process occurs in every PCR cycle. The increase in fluorescence is 
directly proportional to the target amplification during PCR.

The probes used in the mutation specific reaction mixes are labeled with carboxyfluorescein 
(FAM), hexachloro-fluorescein (HEX) and Cyanine (CY5.5) fluorescent reporter dyes, each 
with a distinct absorption and emission profile. The probe used in the Internal Control 
Reaction is labeled with Rhodamine (ROX).

FAM, HEX, ROX and CY5.5 absorb and fluoresce at different wavelengths:

FAM: 6-carboxyfluorescein: A fluorophore that excites at a wavelength of 495nm 
and emits at a wavelength of 520nm. This fluoresces in the green RGQ channel.
HEX: Hexachloro-fluorescein: A fluorophore that excites at a wavelength of 535nm 
and emits at a wavelength of 556nm. This fluoresces in the yellow RGQ channel.
ROX: A fluorophore of the Rhodamine family that excites at 578nm and emits at 
604nm. This fluoresces in the orange RGQ channel.
CY5.5: A fluorophore of the Cyanine family that excites at 675nm and emits at 
694nm. This fluoresces in the crimson RGQ channel.

The Control Reaction Mix contains a forward and reverse primer and labeled probe 
(detected in the Green Channel) to amplify a short sequence of exon 15 of the PIK3CA 
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gene. The Control Reaction is used to determine if an appropriate level of amplifiable DNA 
is present in the sample and is a factor in the analytical calculations that determine mutation 
status. All samples must be tested with the Control Reaction Mix (Tube 1) to ensure that
they give Ct values within a specified range to ensure that there is enough amplifiable
DNA to proceed with analysis, but not so much as to overload the assay. The
Control Reaction determines whether the quality and quantity of DNA is sufficient for
the working range of the assay. The interpretation of the results obtained from the
Control Reaction Ct is presented below in Table 2. Any samples that do not give Ct 
values within this range are invalidated by the RGAM software.

Table 2: Control Reaction Working Range
Control Ct
value Interpretation Action

> 33.38
Quantity of amplifiable DNA is 
not sufficient for mutation
analysis

Additional samples should be 
extracted and tested

< 23.23
Quantity of amplifiable DNA
is too high for mutation
analysis

Dilute with the sample diluent
water supplied in the kit

Within 
23.23 - 33.38

Quantity of amplifiable DNA
is suitable for mutation
analysis

No action required, sample is 
suitable

The PCR cycling parameters used for assessing the DNA sample with the control
reaction mix are the same run parameters for mutation analysis using the mutation
assays. The PCR cycling parameters used for assessing the DNA sample are:

Hold at 95°C for 15 minutes to activate the Taq polymerase;
PCR for 45 cycles of 95°C for 30 seconds, to denature, and 60°C for 1 minute, to 
anneal/extend.

If the control assay Ct falls within range, then the sample is analyzed for the presence
of the mutation by analyzing the values obtained in the mutation channels and
completing the calculation. If the control assay Ct is not within range the sample is
considered invalid and any results obtained may not be used to make a mutation
status evaluation. This assessment is performed automatically by the RGAM software
and associated plug-in and assay profile.

Test Controls

The therascreen PIK3CA RGQ PCR Kit contains three controls: An Internal Control (IC), a 
Positive Control (PC) and a No Template Control (NTC), which have been designed to 
detect fault conditions.

Internal Control (IC): Each PIK3CA reaction mix contains reagents (unlabeled primers, 
probe and oligonucleotide template) for an IC reaction designed to detect failure of the 
reaction, e.g. due to set up error, and confirms successful PCR reactions in every tube.

Reference ID: 4438706



PMA P190001:  FDA Summary of Safety and Effectiveness Data Page 6

No Template Control (NTC): An NTC test contains nuclease-free water and is required in 
each RGQ run. The NTC serves as a control to assess potential contamination during assay 
set up.

Positive Control (PC): A PC test is required in each RGQ run. The PC Tube comprises a 
mixture of plasmids representing one mutation for each of the mutation assays and the 
Control Assay. Detection of the targets within acceptable ranges confirms the proper 
functioning of each of the reaction mixes in the kit.

Instrument and Software

The therascreen PIK3CA RGQ PCR Kit is designed to be used with the Rotor-Gene Q 
MDx (hereafter referred to as the RGQ instrument), which is a real-time PCR analyzer 
designed for rapid thermal cycling and real-time detection of PCR assays. The RGQ 
incorporates a centrifugal rotary design for thermal cycling where a rotor, containing 
each tube, spins in a chamber of moving air, keeping all samples at a uniform 
temperature. Samples are heated and cooled in a low-mass-air oven according to a 
software-determined cycle that initiates the different phases of the PCR cycle. In the 
RGQ, fluorophores are excited from the bottom of the sample chamber by a light-
emitting diode. Energy is transmitted through the thin wall at the bottom of each PCR 
tube. Emitted fluorescence passes through the emission filters on the side of the chamber 
and is detected by a photomultiplier tube. Detection is performed as each tube aligns with 
the detection optics; tubes spin pass the excitation / emission optics every 150
milliseconds. The fluorescence signals indicate the progress of the PCR reactions. The 
RGQ instrument has six channels (six excitation sources and six detection filters). Four of 
these channels; green, yellow, crimson and orange, are used with the therascreen
PIK3CA RGQ PCR Kit.

Cycling parameters, data analysis and results interpretation for the therascreen PIK3CA 
RGQ PCR Kit are performed by the RGAM version 2.1 Software, Gamma MDx plug-in 
version 1.0.0 and therascreen_PIK3CA_FFPE Assay Profile v1.0.0. Therefore, no 
manual analysis is required.

The RGAM Software is a core software which provides general functionality including: 
PCR run set up, cycler control and management of experiment data, results, assay profiles 
and system configuration. 

The Gamma MDx Plug-in extends the functionality of RGAM by providing cycle 
threshold (Ct) value calculation, data analysis and normalization features.

Assay specific functionality, for example cycling conditions, thresholds and analysis cut-
offs, and control ranges, is implemented by the therascreen_PIK3CA_FFPE Assay 
Profile.

The RGAM software, plug-in and associated assay profile ensure that a user interface 
with restricted user options is displayed to the user and contains all the information 
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required for automatic real-time PCR analysis including time and temperature profiles, 
data quality controls, and data analysis algorithms. The software suite also allows 
printing of test reports and creates result files in the software’s file system.

In addition, the RGAM software, plug-in and associated assay profile perform a quality 
check using Automatic Data Scan (AUDAS) that focuses on parameters of the respective 
fluorescence curves from which Ct values will be determined.

The AUDAS check is mainly intended to identify problems that occur during the real-
time PCR amplification that potentially generate non-typical curve shapes due to 
saturation, noise, spikes, baseline dips, sloping curves related to the real-time PCR 
instrument parameters or due to a problem linked to the assay itself. The curves in such 
situations are automatically invalidated to avoid generating misleading results. 

Interpretation of Results

The first cycle at which the instrument can distinguish the amplification-generated 
fluorescence as being above the background signal is called the Ct. The RGAM software 
interpolates fluorescence signals between any two recorded values. Ct values can 
therefore be any number (not limited to integers) within the range of 0 to 45.

Ct values generated by the Control and Mutation Reactions indicate the quantity of assay 
specific input DNA. Low Ct values indicate higher input DNA levels and high Ct values 
indicate lower input DNA levels. 

Validity of controls and samples are determined based on the Ct values generated during 
a run.

Run Validity Criteria

For therascreen PIK3CA RGQ PCR Kit test runs to be accepted as valid, the RGAM
software requires run data for PC and NTC to meet criteria specified in the PIK3CA
MDx Assay Profile v1.0.0 in accordance with the analysis rules of the Gamma MDx 
Plug-in v1.0.0. The PC and NTC validity criteria are shown below. Each test run
performed with the therascreen PIK3CA RGQ PCR Kit must meet all the validity
criteria listed below.

Table 3: Run, Sample Validity and Call Criteria
Sample Reaction Mix Target RGQ Channel Ct Range

Positive Control

1 and 5 Control FAM 23.39 – 32.39
2 E542K FAM 22.42 – 31.42
3 E545D HEX 23.78 – 32.78
3 E545G CY5.5 22.61 – 31.61
3 E545K FAM 24.41 – 33.41
4 E545A FAM 22.5 – 31.5
4 H1047Y HEX 26.57 – 35.57

4 and 5 Q546R CY5.5 24.04 – 33.04
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Sample Reaction Mix Target RGQ Channel Ct Range
5 C420R HEX 23.31 – 34.31

1 and 5 Q546E FAM 24.72 – 35.72
6 H1047L CY5.5 24.02 – 33.02
6 H1047R HEX 23.33 – 32.33

NTC All All 6 reaction mixes FAM Has no value

IC
NTC IC ROX 25.52 – 36.51

Test Sample IC ROX 25.51 – 36.51
Positive Control IC ROX 25.51 – 36.51

Test Sample 1 Control FAM 23.39 – 32.39

If a test run fails any of the validity criteria, the RGAM software displays the
corresponding validity rule related to the failed control but does not provide test
results for samples on the RGAM report. If all run validity criteria are met, the
RGAM generates a report that confirms the respective controls validity and then
displays the sample results.

The individual sample results in each test run are accepted as valid, if the RGAM
software obtains Ct values for the PIK3CA assay. If a sample fails to generate a Ct
value for any PIK3CA mutant channel, then the RGAM software checks the Ct value
obtained in the IC channel to ensure the qPCR reaction validity. If the RGAM fails to
detect a signal within the validity criteria range in the IC, the sample is reported as
invalid and no PIK3CA mutation status results for that sample are reported. For a 
therascreen PIK3CA RGQ PCR Kit run to be accepted as valid, the RGAM software, 
plug-in and associated assay profile require run data for the PC and NTC, to meet 
specified criteria.

Sample Validity Criteria and Control Assay Working Range

All samples must be tested with the Control Reaction mix to ensure that they give a Ct 
value within a specified range. This range is set to ensure that there is sufficient 
amplifiable DNA to proceed with analysis, but not so much as to overload the assay. The 
therascreen PIK3CA RGQ PCR Kit has been verified to work within a specific working 
range (i.e. upper and lower Control Reaction Ct values) and any samples that do not give 
Ct values within this range are invalidated by the RGAM software, plug-in and associated 
assay profile.

Determination of Sample Status

If the Control Assay Ct falls within range, then the sample is analyzed for the presence of 
the mutation. 

-specific 
reaction (mutation assay) is a qualitative measure of PIK3CA mutation status and is 
calculated as: 

– [Control Reaction Ct value]
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-
value for that assay. Above this value, the sample may either contain less than the 

percentage of mutation that can be detected by the therascreen PIK3CA RGQ PCR Kit 
(beyond the limit of detection of the assays), or the sample is mutation negative, both of 
which would be reported as “No Mutation Detected”. 

The Mutation Assay Cut-offs are shown below in Table 4.

Table 4: Cut-off Values for Each Mutation in Each Assay
Reaction Mix Mutation name Ct Cut-off values

Tube 2 E542K 4.8

Tube 3
E545K 6.5
E545D 7.5
E545G 9.5

Tube 4
E545A 10.0

H1047Y 6.2
Q546R 7.0

Tube 5 Q546E 10.0
C420R 6.0

Tube 6 H1047R 7.0
H1047L 10.0

On the RGAM report each sample is assigned with a status as follows:

Invalid:
If one of the AUDAS checks failed
or if one of the run control criteria failed 
or if the sample IC failed
or if the Control Assay Ct was outside of the acceptance range

PIK3CA Mutation Detected:
If all AUDAS checks passed
and if all run control criteria were met
and if the sample IC was within the defined acceptance range
and if the Control Assay Ct was within the acceptable range
and if any PIK3CA mutant signals were equal to or below the predefined 

-off

No Mutation Detected: 
If all AUDAS checks passed 
and if all run control criteria were met 
and if the sample IC was within the defined acceptance range
and if the Control Assay Ct was within the acceptable range
and if all muta -off
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VI. ALTERNATIVE PRACTICES AND PROCEDURES

There are no other FDA cleared or approved alternatives for the testing of FFPE breast 
tumor tissue for PIK3CA mutation status in the selection of patients who are eligible for 
treatment with alpelisib.

VII. MARKETING HISTORY

The therascreen PIK3CA RGQ PCR Kit has not been marketed in the United States or 
any foreign country.

VIII. POTENTIAL ADVERSE EFFECTS OF THE DEVICE ON HEALTH

Failure of the device to perform appropriately, or failure to correctly interpret test results 
may lead to incorrect PIK3CA mutation results, which could impact patient treatment 
decisions. A false positive test result may lead to inappropriate treatment and adverse 
effects associated with treatment with a targeted PIK3CA inhibitor rather than standard of 
care treatments. A false negative test result may prevent a patient from receiving alpelisib 
with potential to benefit from a targeted therapy.

For the specific adverse events that occurred in the clinical study, please see Section X 
below.

IX. SUMMARY OF NONCLINICAL STUDIES

A. Laboratory Studies
The specific performance characteristics of the therascreen PIK3CA RGQ PCR Kit 
(henceforth referred to as PIK3CA Kit) were determined by studies using formalin-
fixed, paraffin-embedded (FFPE) tissue specimens obtained from patients with 
advanced breast cancer, FFPE human cell lines, and gDNA pre-extracted from human 
cell lines. FFPE cell lines were sectioned and processed similar to FFPE patient 
specimens. Cell line DNA was extracted and tested in accordance with the instructions 
for surgical resections.

Mutation status of specimens was confirmed by Digital Droplet PCR (ddPCR) and/or 
bi-directional Sanger sequencing. The similarity between FFPE cell lines and FFPE 
clinical specimens was assessed for high prevalence mutations (E542K, H1047R, and 
E545K) by comparing the differences in between the two sample types and 
by comparing the positivity rates and probit models for the two sample types. The 
results of the evaluation demonstrated that evaluation of FFPE cell lines does not lead to 
overestimation of assay performance. 

1. Correlation with Reference Method

The accuracy of the PIK3CA Kit was demonstrated relative to a validated Next 
Generation Sequencing (NGS) assay using FFPE clinical specimens from the breast 
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cancer patients randomized in the SOLAR-1 trial from for which there was  sufficient 
quantity and quality of specimen  available for testing with the NGS comparator assay. 
453 of 572 randomized patient samples had available FFPE slides for testing. Of these 
453 clinical specimens, 385 met the NGS comparator sample requirements for tissue 
volume and tumor content, and 379 yielded a valid result for NGS. The baseline clinical 
and demographic characteristics of the patients whose specimens were available for this 
retrospective testing were in general comparable to those of otherwise eligible patients 
whose specimens were not available for retesting. The overall results are shown in Table 
5.

Table 5: PIK3CA Kit Compared to NGS – SOLAR-1 Clinical Trial Specimens

PI
K

3C
A

 K
it 

C
al

l 

NGS Mutation Status

C
42

0R

E
54

2K

E
54

5A

E
54

5D

E
54

5G

E
54

5K

H
10

47
L

H
10

47
R

Q
54

6E

Q
54

6R

C
42

0R
 &

 H
10

47
L

C
42

0R
 &

 H
10

47
R

E
54

2K
 &

 E
54

5K

E
54

2K
 &

 H
10

47
R

E
54

5A
 &

 H
10

47
R

E
54

5D
 &

 H
10

47
R

E
54

5G
 &

 H
10

47
R

E
54

5K
 &

 H
10

47
R

N
M

D

T
ot

al

C420R 3 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3
E542K 0 26 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 6 33
E545A 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
E545D 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 2
E545G 0 0 0 0 3 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4
E545K 0 0 0 0 0 46 0 0 0 0 0 0 0 0 0 0 0 0 2 48

H1047L 0 0 0 0 0 0 11 0 0 0 0 0 0 0 0 0 0 0 2 13
H1047R 0 0 0 0 0 0 0 95 0 0 0 0 0 0 0 0 0 0 3 98
Q546E 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 1
Q546R 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1 2

C420R & 
H1047L 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 1

C420R &  
H1047R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1

E542K & 
E545K 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 0 0 0 0 2

E542K & 
H1047R 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

E545A & 
H1047R 0 0 0 0 0 0 0 1 0 0 0 0 0 0 1 0 0 0 0 2

E545D & 
H1047R 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

E545G & 
H1047R 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 1

E545K & 
H1047R 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

NMD 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 162 164
Total 3 26 1 0 3 48 11 100 1 2 1 0 0 1 1 0 0 1 180 379
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Samples with both NGS and PIK3CA Kit valid results were analyzed to assess 
overall percent agreement (OPA), positive percent agreement (PPA), and negative 
percent agreement (NPA) based on the agreements between the two methods for 
mutation status. The percentages, together with the corresponding two-sided exact 
95% CI are summarized below. 

The results demonstrate point estimates of PPA, NPA and OPA of 99.0%, 90.0% and 
94.7% respectively (Table 6).

Table 6: PIK3CA Kit vs. NGS Concordance in the SOLAR-1 Trial Specimens
Measure of Agreement Percent Agreement (N) 95% CI*

PPA 99.0% (197/199) (96.4%, 99.9%)
NPA 90.0% (162/180) (84.7%, 94.0%)
OPA 94.7% (359/379) (92.0%, 96.7%)

    * The 95%CI calculated using the Clopper-Pearson Exact method

For the 20 overall mutation status discordant results, 2 samples with PIK3CA Kit 
negative results had NGS positive results, while 18 samples with PIK3CA Kit positive 
results gave NGS negative results. Of the 2 samples with PIK3CA Kit negative results 
that had NGS positive results, both were detected by the NGS at mutant allele 
frequencies levels below the PIK3CA Kit limit of detection. Of the18 samples, 
determined positive by the PIK3CA Kit and negative by NGS, eleven were low positive 

Ct of the cut-off using the PIK3CA Kit and therefore low positive samples).
One case was detected as H1047L by the PIK3CA Kit but detected as H1047I by the 
NGS assay. The underlying cause for the 6 remaining discordant results was not 
identified.

Additional agreement analyses were also conducted for each specimen type (RES vs. 
CNB) and for each of the mutation assays in the PIK3CA Kit except for H1047Y as 
this mutation was not represented in the study. For CNB samples the point estimates 
of OPA, PPA and NPA were 98.72% (77/78), 97.73% (43/44) and 100% (34/34),
respectively. For RES the point estimates of OPA, PPA and NPA were 93.69%
(282/301), 99.35% (154/155) and 87.67% (128/146), respectively.

2. Analytical Sensitivity

a. Analytical Sensitivity – Limit of Blank (LoB)
The LoB of the PIK3CA Kit was established by testing DNA extracted from 
56 individual clinical wild type (WT) FFPE samples (30 WT RES samples 
and 26 WT CNB samples) with two replicates per sample for each of three 
PIK3CA Kit lots (generating 336 data points total). The LoB was defined as 
the highest measurement result that corresponds to the upper 95th percentile 
in the WT samples. The lowest value of the three LoB estimates (one from 
each therascreen PIK3CA Kit lot), across both RES and CNB sample types 
was determined to be the LoB value. 

The LoB values for each of the mutation assays (in terms of
-off values determined 
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for each of the assays and are summarized below in Table 7 along with the 
false positive call rates obtained.

Table 7: LoB Values and False Positive Call Rate for all 11 Mutation 
Assays

Mutation LoB ( Ct) False Positive Call Rate 
(Percent)

E542K 5.09 1.88
E545K 6.74 1.57
E545D 9.19 0.31
E545G 13.03 0.00
E545A 13.03 0.00

H1047Y 7.61 0.63
Q546R 8.72 0.00
Q546E 13.03 0.00
C420R 7.57 0.94

H1047R 9.80 1.25
H1047L 12.63 0.94

b. Analytical Sensitivity – Limit of Detection (LoD)

The PIK3CA Kit does not use a specific concentration of DNA as 
determined by spectrophotometry. DNA input is based on the Control 
Reaction Ct result which is used to indicate that there is sufficient 
amplifiable DNA present in the sample. The stated DNA input for the assay 
is defined by the Control Ct prespecified range of 23.23 to 33.38, as shown 
in Table 2 above.

For the PIK3CA Kit LoD is defined as the minimum percentage of mutant 
DNA in a background of WT DNA that can be detected with a 95% 
probability as determined by a probit analysis. The LoDs for the 11 mutation 
assays (C420R, E542K, E545A, E545D E545G, E545K, H1047L, H1047R, 
H1047Y, Q546E and Q546R) in the PIK3CA Kit were assessed using a 
selection of breast cancer FFPE clinical specimens or FFPE cell lines for the 
low prevalence mutations. The percent mutant DNA or mutant allele 
frequency (MAF) of each individual sample was determined previously by 
using Sanger sequencing for clinical samples and from information available 
in Cancer Cell line Encyclopedia (CCLE) for the cell lines. Five or six point 
MAF dilution series were made by serially diluting mutant samples in a
FFPE clinical WT background. For each PIK3CA mutation, the percentage 
of correct calls was assessed across dilution levels using three different 
PIK3CA Kit lots with 24 replicates tested per kit lot per level. The LoD was 
determined at low DNA input (Control Ct of ~ 30.00). The hit rates for each 
mutant concentration, per kit lot, were obtained and a probit model was fitted 
to the data. A plot was produced of hit rate against log2 mutation level and 
the LoD for each mutation was determined as the concentration which gave
a 95% estimated probability of a positive call. The final LoD value for each
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mutation was determined as the highest value (in terms of MAF%) across all 
kit lots.

Table 8: Determined LoD for the 11 Mutations Detected by the PIK3CA 
Kit

Mutation Name Mutation 
Prevalence LoD (MAF%)

C420R <1% 2.41*
E542K 11% 5.47†
E545A 1.50% 3.54*
E545D <1% 2.69†
E545G <1% 4.98†
E545K 20% 4.13†
H1047L 5% 2.56†
H1047R 55% 3.13†
H1047Y <1% 14.04*
Q546E <1% 4.50*
Q546R <1% 6.08†

* LoD values were established using FFPE cell lines samples
† LoD values were established using breast cancer FFPE clinical specimens

c. Analytical Sensitivity – Control Ct Range, RFI Validation and -
offs

i. Control Ct Ranges
The objective of this study was to set an appropriate Control Reaction Ct 
working range for use in assessing DNA sample validity. The Control 
Reaction Ct working range defines the amount of total amplifiable DNA 
in a sample and was determined using a total of 20 WT FFPE clinical 
samples generating 107 data points. The WT status of samples was 
previously assessed using an independent reference method. To 
determine the Control Ct working range, only the data gained from the 
Control Ct produced by the WT samples was used. Different confidence 
levels were calculated to allow the best range where 95% of the 
population would fit. Parametric and non-parametric tolerance intervals 
were calculated for Control Ct values. The Control working range was 
set based on the non-parametric tolerance intervals since the data was not 
normally distributed. 

The final Control Reaction Ct working range was set at a Ct value of 
23.23 to 33.38. This interval provides limits for which 95% of the 
population falls with a given confidence level of 97.3%. The final 
Control Reaction Ct working range allows mutation analysis on small 
amounts of input DNA such as that from CNBs.

ii. Relative Fluorescence Increase (RFI) Validation
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During development data from the positive control (PC), gDNA from 
positive cell lines and non-template control (NTC) were used to calculate 
appropriate fluorescence threshold values for the Green, Yellow, and 
Crimson RGQ channels used in PIK3CA Kit. Assessment of signal to 
noise ratio (SNR) was conducted to ensure appropriate fluorescence 
thresholds were set for each RGQ MDx channel used in the therascreen
PIK3CA RGQ PCR System. The fluorescence threshold selected was 
required to be suitable for all assays detected in any one channel.
The fluorescence threshold for the Orange channel, which is used for the 
detection of the IC, could not be calculated following the same 
methodology described for the Green, Yellow and Crimson RGQ 
channels. Since the IC is present in all tubes and is designed to amplify 
consistently within defined specifications, it was not possible to compare 
this positive signal to a negative sample. However, since the IC contains 
a standardized single concentration of synthetic DNA, the fluorescence 
threshold selected was not required to factor in assay performance across 
a range of different DNA inputs and as such the difference between 
signal and noise is not critical for this assay. The Orange channel 
threshold was selected such that its position was at the start of the 
exponential phase of the amplification plot. This was determined to be 
0.0600 and therefore selected as the threshold for the Orange channel, 
which is used for the IC. The fluorescence thresholds for the Green, 
Yellow and Crimson channel were determined and are given as 0.0510, 
0.475 and 0.625 respectively.

iii. -offs
Assay cut-offs were established during development using clinical,
WT, and mutation-positive FFPE clinical specimens, FFPE cell line 
FFPE and cell line gDNA. The cut-offs were
values and were chosen with respect to the following parameters: false 
positive fraction, false negative fraction and assay sensitivity. In addition 

positive rates considering false negative rates were used to define an 
acceptable target range for cut-off values.

A study was conducted to verify the cut-offs for each mutation (refer 
to Section V for the assays cut-off values) established during 
development using WT FFPE clinical samples, mutation positive FFPE 
clinical samples and cell-line FFPE samples. The cut-off values 
were verified by testing three low-input (Ct 30) / low-positive samples 
(low MAF%). The results of the study demonstrated that each individual 
mutation assay had a false positive rate below 3%, while the false 
positive percentage for the overall PIK3CA Kit was 7.21%.

3. Linearity – t
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To demonstrate that the performance of the PIK3CA Kit is consistent across the 
DNA input range a series of nine dilutions with varying DNA input levels with the 
upper and lower levels being outside of the Control Reaction Ct working range 
(23.23 - 33.38 Ct), were evaluated with mutation positive samples covering all the 
11 variants detected by the PIK3CA Kit. Three different sample types were used in 
this study: clinical FFPE resection samples, cell line FFPE samples, and gDNA pre-
extracted from cell lines. The mutant allele frequencies were held constant while 
DNA input was varied; the target Ct values for the lowest and highest 
concentrations were 23.00 Ct and 33.50 Ct, respectively. 

The evaluation was performed using one PIK3CA Kit lot with three replicates tested 
per DNA level. The data was analyzed using regression analysis to determine the 
linear range. For the assay to be determined as linear across the DNA input range,
there should be no change across the range in Ct, i.e., there is no statistically 
significant linear, quadratic or cubic effect. The E542K, E545D, E545G, E545A, 
H1047Y, Q546E, C420R and H1047R assays did not show a statistically significant 
(p>0.05) first, second or third order terms for all models tested. These assays show 
no change in Ct across the tested DNA input range. 

The E545K assay was statistically significant for the first order and second order 
polynomial in the linear (p=0.006) and quadratic (p=0.002) models, respectively. 
The Q546R assay was statistically significant for the first order and third order 
polynomial in the linear (p<0.001) and cubic (p=0.001) models, respectively. The 
H1047L assay was statistically significant for the first order and third order 
polynomial in the linear (p<0.001) and cubic (p<0.001) models, respectively. The 
E545K, Q546R and H1047L assays are not linear for Ct across the tested DNA
input range. E545K showed statistically significant values for only low DNA input 
samples. Q546R and H1047L showed statistically significant values for both low 
and high DNA input samples. An investigation determined that the non-linear 
effects had no effect on the performance of the E545K and H1047L assays. 
However, an effect on the Q546R assay performance was determined; samples at 
LoD may be called false negative when the DNA input is high (approximately
Control Ct 23), however, the probability of this occurring is extremely low,
approximately 0.0052%.

The ranges in which the assays are linear are shown below (Table 9).

Table 9: Linear range for the PIK3CA Kit
Mutation Linear Range based on

observed Mean Ct
E542K 24.42 to 33.77
E545K 24.08 to 31.02
E545D 23.02 to 34.99
E545G 22.83 to 35.71
E545A 23.18 to 34.31

H1047Y 23.24 to 34.64
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Q546R 24.28 to 32.69
Q546E 23.18 to 34.65
C420R 23.26 to 34.11

H1047R 23.76 to 33.49
H1047L 25.74 to 31.61

The data was also analyzed to assess the amplification efficiency for each of the 
assays. Amplification efficiencies ranged from 82.15 to 100.83% for all assays.

4. Analytical Specificity

a. Cross Reactivity/Exclusivity 

The PIK3CA Kit is comprised of 6 separate reaction mixes: one single 
Control Reaction that detects a region in exon 15 of the PIK3CA gene and 
eleven mutation assays that detect PIK3CA mutations (Table 1). There is no 
reaction that specifically measures the wild-type PIK3CA sequence at exons 
7, 9 or 20. The PIK3CA Kit “No Mutation Detected” result is determined 
from the absence of any positive mutation results.

The objective of this study was to assess whether cross reactivity has been 
-off values. 

The cross reactivity of the six optimized reaction mixes was assessed by 
testing each mutation assay against the 11 mutants detected by the PIK3CA 
Kit. Samples were tested at low DNA input and low MAF% and high DNA 
input and high MAF%. Mutation positive clinical FFPE resection samples 
were used for the four most prevalent mutations (E542K, E545K, H1047L 
and H1047R), while cell line FFPE samples were used for the less prevalent 
mutations (C420R, E545A, E545D, E545G, H1047Y, Q546E and Q546R). 
For each sample, two replicates were tested for each of three PIK3CA Kit 
lots (generating 240 data points total). 
Within this study, there was one instance of cross reactivity with E545D and 
H1047R, and one instance with C420R and H1047R. There were also four 
instances of mutant non-specific amplification between the high MAF 
sample E545A and H1047L. Overall 6/240 data points showed mutant non-
specific amplification. The six data points showing mutant non-specific 
amplification were sporadic and inconsistent with other replicates from the 
same sample. These results were therefore not considered to be a result of 
cross reactivity.

PCR cross reactivity was observed between H1047L and H1047R. This 
cross reactivity is uni-directional i.e., if a double H1047R and H1047L 
sample is seen this will be reported as H1047R Mutation Detected. This rule 
is incorporated into the automated therascreen_PIK3CA_FFPE Assay 
Profile algorithm.

b. Interference – Effect of Necrotic Tissue
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To evaluate the potential interference of necrotic tissue content in breast 
cancer FFPE specimens on the performance of the PIK3CA Kit, FFPE 
clinical specimens from SOLAR-1 with both PIK3CA Kit and NGS results 
were analyzed. A total of 180 specimens determined PIK3CA mutant 
negative by NGS and 199 specimens determined PIK3CA mutant positive
by NGS were evaluated. The specimens included both CNB and RES 
specimens. Percent necrosis, as identified by a pathologist varied from 0 to 
10% for mutant negative and 0 to 20% for mutant positive samples.

For both mutant positive and mutant negative FFPE specimens, all except 20
samples have PIK3CA Kit results that matched the expected NGS results. 
The 20 mismatched results were from 17 mutant negative and 2 mutant 
positive samples with less than 5% necrotic content; and 1 mutant negative 
sample with less than 10% necrotic content; thus, it is unlikely that necrosis 
was the reason for the discordant results. The results support the use of the 
PIK3CA Kit with breast cancer FFPE specimen with necrotic tissue content 
up to 20%.

c. Interference – Exogenous Substances and Hemoglobin 

The effect of potential interfering substances introduced from the FFPE 
Extraction Kit (an exogenous substance) or from the sample itself 
(hemoglobin) on assay performance were
between interferent spiked and control spiked extracts for each mutant and 
comparison of the correct calls for WT DNA samples. The exogenous 
substances tested were (1) paraffin wax, (2) ethanol, (3) xylene, (4) 
extraction buffers (AW1, ATL, AW2 and AL) and (5) proteinase K. Clinical 
FFPE resection samples were evaluated for mutations E542K, E545K, 
Q546R, C420R, H1047R and for WT, while FFPE cell line samples were 
used to evaluate the Q546R and C420R mutations. 

Samples that were spiked with exogenous interferents were first normalized 
to Ct 30.00 and then diluted with WT (also normalized to Ct 30.00) to give 

hemoglobin (endogenous interferent) during the extraction process were not 
normalized to Ct 30.00 or diluted to 3x LoD prior to mutation assessment but
used immediately following extraction. This was to avoid removing any 
variability which may have been introduced by the interferent. 

The study required the preparation of a test sample set and a blank sample 
set (ATE for exogenous substances and water for hemoglobin). The test 
sample set included all mutant and WT samples spiked with an interferent. 
The blank sample set included mutant and WT samples spiked with an 
appropriate control substance. Samples tested with hemoglobin were spiked 
during the extraction process to reflect what would be introduced via the 
FFPE sample. The test concentration of hemoglobin and the estimated tissue 
volume used in the extraction process were based on CLSI guidelines (CLSI 
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EP7-A2, Appendix D, 2005, Interference Testing in Clinical Chemistry; 
Approved Guideline). The recommended testing concentration of 
hemoglobin given in EP07-A, Appendix D, 2005 is 2mg/ml. Samples tested 
with potential exogenous interferents were spiked following normalization to 
Ct 30.00 and dilution to 3x LoD at a concentration representing the highest 
(worst-case) feasible level of the interfering substance carry over into a 
sample (10x concentration). In total, six replicates of each sample/interferent 
combination were tested with one PIK3CA Kit lot. All mutation calls in both 
mutant and WT samples were as expected. Where a significant difference 
was observed between the spiked and control samples, this was within 
acceptable intermediate precision of the assay and was, therefore within the 
inherent variability of the assay. In conclusion, none of the interferents tested 
had any impact on kit performance.

5. Repeatability and Reproducibility

The repeatability and reproducibility of the PIK3CA Kit was investigated by testing 
DNA extracted from breast cancer FFPE clinical specimens for mutations E542K, 
E545G, E545K, H1047L, H1047R and Q546R, and Cell Line FFPE samples for 
mutations C420R, E545A, E545D, H1047Y, Q546E and Q546R. A WT FFPE 
clinical specimen was also included in the study. To demonstrate repeatability, 
samples at two mutation levels (LoD and 3x LoD) were tested in duplicate with two 
(2) runs per day, by three (3) operators across 20 non-consecutive days resulting in 
120 data points at one site (located in the United Kingdom) except for samples at 
LoD with E545A and Q546R PIK3CA mutations. Samples with E545A and Q546R 
mutations at LoD were evaluated for six (6) days at one site by three (3) operators, 
with two (2) runs and four (4) replicates for a total of 144 measurements to 
demonstrate repeatability. For reproducibility two (2) runs a day were performed per 
operator (3 operators per site) by two additional sites (both located in the USA) over 
10 days to give additional 60 data points for each additional site except for samples 
with at LoD with E545A and Q546R PIK3CA mutations. Samples at LoD with 
E545A and Q546R PIK3CA mutations were evaluated for six (6) days for two (2)
more sites, by three (3) operators, with two (2) runs and four (4) replicates for a total 
of 144 measurements per site, 432 in total across three (3) sites. At each site,
samples were tested using two (2) PIK3CA Kit lots (3 lots across 3 sites). One to 
two lots of QIAamp® DSP DNA FFPE Tissue Kit were used to extract DNA from 
FFPE samples. Samples were prepared to have low DNA input levels where a 
control Ct value of approximately 30 was targeted.

Mutation positive samples were only run with the Control Reaction mix and the 
relevant reaction mix specific to the tube of the mutation of interest. WT samples 
were run with all reaction mixes per the PIK3CA Kit Instructions For Use (IFU).

A new repeatability and reproducibility study will be conducted by running 
samples with all the 11 PIK3CA mutations using 6 reaction tubes in accordance 
with the PIK3CA Kit IFU; refer to section XIII. 
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For each sample, the proportion of correct mutation calls along with the 
corresponding two-sided exact 95% confidence limit are reported in Table 10
below, for repeatability.

Table 10: Assay Repeatability – Proportion of Correct Calls for PIK3CA Mutation Tested

Mutation Template
Fractional 

Proportion of 
Valid Results

Percentage
Two-Sided Lower 
95% Confidence 

Limit
C420R 3x LoD 120 / 120 100.00% 96.97%

LoD 120 / 120 100.00% 96.97%
E542K 3x LoD 120 / 120 100.00% 96.97%

LoD 119 / 119 100.00% 96.95%
E545A 3x LoD 120 / 120 100.00% 96.97%

LoD* 144 / 144 100.00% 97.47%
E545D 3x LoD 120 / 120 100.00% 96.97%

LoD 120 / 120 100.00% 96.97%
E545G 3x LoD 120 / 120 100.00% 96.97%

LoD 120 / 120 100.00% 96.97%
E545K 3x LoD 120 / 120 100.00% 96.97%

LoD 118 / 120 98.33% 94.11%
H1047L 3x LoD 120 / 120 100.00% 96.97%

LoD 117 / 120 97.50% 92.87%
H1047R 3x LoD 120 / 120 100.00% 96.97%

LoD 120 / 120 100.00% 96.97%
H1047Y 3x LoD 120 / 120 100.00% 96.97%

LoD 117 / 120 97.50% 92.87%
Q546E 3x LoD 120 / 120 100.00% 96.97%

LoD 120 / 120 100.00% 96.97%
Q546R 3x LoD 119 / 119 100.00% 96.95%

LoD* 139 / 140 99.29% 96.08%
WT Ct 30 108 / 120 90.00% 83.18%

*Samples at LoD with E545A and Q546R PIK3CA mutations were evaluated for 6 days at one site
by 3 operators, with 2 runs and 4 replicates for a total of 144 measurements.

For each sample, the proportion of correct mutation calls along with the 
corresponding two-sided exact 95% confidence limit are reported in the Table 11
below for reproducibility.

Table 11: Assay Reproducibility – Proportion of Correct Calls for PIK3CA Mutation Tested

Mutation Template
Fractional

Proportion of 
Valid Results

Percentage
Two-Sided Lower 
95% Confidence 

Limit
C420R 3x LoD 240 / 240 100.00% 98.47%

LoD 240 / 240 100.00% 98.47%
E542K 3x LoD 240 / 240 100.00% 98.47%
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LoD 237 / 239 99.16% 97.01%
E545A 3x LoD 240 / 240 100.00% 98.47%

LoD* 431 / 432 99.77% 98.72%
E545D 3x LoD 240 / 240 100.00% 98.47%

LoD 238 / 240 99.17% 97.02%
E545G 3x LoD 240 / 240 100.00% 98.47%

LoD 240 / 240 100.00% 98.47%
E545K 3x LoD 240 / 240 100.00% 98.47%

LoD 238 / 240 99.17% 97.02%
H1047L 3x LoD 240 / 240 100.00% 98.47%

LoD 230 / 240 95.83% 92.47%
H1047R 3x LoD 240 / 240 100.00% 98.47%

LoD 240 / 240 100.00% 98.47%
H1047Y 3x LoD 240 / 240 100.00% 98.47%

LoD 234 / 240 97.50% 94.64%
Q546E 3x LoD 240 / 240 100.00% 98.47%

LoD 240 / 240 100.00% 98.47%
Q546R 3x LoD 239 / 239 100.00% 98.47%

LoD* 421 / 424 99.29% 97.95%
WT Ct 30 222 / 240 92.50% 88.41%

*Samples at LoD with E545A and Q546R PIK3CA mutations were evaluated for 6 days across 3
sites, by 3 operators, with 2 runs and 4 replicates for a total of 144 measurements per site, 432 total.

The WT sample evaluated in the repeatability and reproducibility study did not 
meet the acceptance criteria in relation to proportion of correct calls. An 
investigation indicated that the WT sample had an additional mutation with low 
allelic frequency as determined by an NGS-based method. A new repeatability 
and reproducibility study will be conducted postmarket with an appropriately 
qualified WT sample. Refer to section XIII.  

A variance component analysis was used to estimate the standard deviation for 
between-run, between-day, between-lot, between-operator, between-instrument, and 
between-day variability for the repeatability study. These estimates were reported 
along with
Ct values. Results by variance components and total variance are presented below

The column “N” included the number of data points that generated a
value. Across all variance components, the total standard deviation (SD 1.14
in all PIK3CA mutations tested. Across all mutant panel members, the SD was in 
general for between-operators, between lots, between days, and between runs.

Table 12: Repeatability - Overall Mean, Standard Deviation (SD) – Between Lot, 
Between-run, Between-Operator, Between-Day, Between-Instrument and Total Variance
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E542K 3x LoD 120 1.95 0.00 0.16 0.00 0.10 0.14 0.24 0.33
LoD 119 3.59 0.00 0.21 0.00 0.09 0.11 0.35 0.43

E545K 3x LoD 120 2.68 0.02 0.14 0.08 0.10 0.08 0.30 0.36
LoD 120 4.41 0.09 0.22 0.24 0.00 0.16 0.51 0.60

E545A 3x LoD 120 1.32 0.00 0.00 0.00 0.00 0.12 0.53 0.54
LoD* 144 2.79 0.00 0.00 0.14 0.09 0.13 0.92 0.93

Q546E 3x LoD 120 2.38 0.08 0.00 0.00 0.14 0.00 0.39 0.41
LoD 120 4.71 0.00 0.00 0.07 0.00 0.21 0.70 0.72

E545D 3x LoD 120 2.83 0.00 0.05 0.10 0.00 0.00 0.34 0.35
LoD 120 4.45 0.02 0.00 0.05 0.15 0.07 0.58 0.60

H1047Y 3x LoD 120 3.47 0.05 0.14 0.06 0.00 0.00 0.33 0.37
LoD 120 4.94 0.11 0.20 0.00 0.00 0.17 0.51 0.58

C420R 3x LoD 120 0.96 0.00 0.29 0.00 0.08 0.06 0.30 0.43
LoD 120 2.57 0.00 0.11 0.22 0.14 0.15 0.61 0.67

H1047R 3x LoD 120 2.34 0.00 0.21 0.07 0.03 0.19 0.28 0.39
LoD 120 4.4 0.00 0.00 0.08 0.00 0.19 0.56 0.58

E545G 3x LoD 120 1.92 0.08 0.15 0.00 0.00 0.00 0.26 0.31
LoD 120 5.1 0.00 0.29 0.00 0.00 0.00 0.83 0.88

Q546R 3x LoD 119 1.67 0.14 0.18 0.00 0.00 0.19 0.41 0.48
LoD* 140 3.99 0.13 0.00 0.00 0.11 0.30 0.78 0.83

H1047L 3x LoD 120 4.87 0.00 0.26 0.14 0.00 0.11 0.43 0.52
LoD 119 6.96 0.12 0.00 0.00 0.52 0.13 1.04 1.14

*Samples at LoD with E545A and Q546R PIK3CA mutations were evaluated for 6 days at one site 
by 3 operators, with 2 runs and 4 replicates for a total of 144 measurements.

A variance component analysis was used to estimate the standard deviation for 
between-run, between-day, between-lot, between-operator, between-instrument, and 
between-day variability for the reproducibility study. These estimates were reported 

, Control Ct, and Mutant 
Ct values. Results by variance components and total variance are presented below 

value. Across all mutant panel members, the SD was in general 0.36 for within site, 
between-lots, between instrument, between days, and between operators.
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Table 13: Reproducibility - –Between-run, 
Within – Site, Between Site, Between Lot, Between-Operator, Between-Day, Between-
Instrument and Total Variance
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E542K 3x LoD 240 1.85 0.03 0.00 0.02 0.23 0.06 0.07 0.34 0.40
E542K LoD 239 3.49 0.00 0.20 0.00 0.30 0.00 0.00 0.43 0.54
E545K 3x LoD 240 2.73 0.00 0.14 0.05 0.08 0.09 0.03 0.29 0.34
E545K LoD 240 4.43 0.00 0.23 0.13 0.18 0.00 0.05 0.47 0.56
E545A 3x LoD 240 1.27 0.00 0.10 0.06 0.08 0.00 0.00 0.53 0.55
E545A LoD 432 2.85 0.00 0.11 0.00 0.17 0.08 0.08 1.06 1.09
Q546E 3x LoD 240 2.41 0.00 0.12 0.00 0.00 0.06 0.11 0.41 0.43
Q546E LoD 240 4.78 0.00 0.00 0.04 0.15 0.10 0.00 0.74 0.77
E545D 3x LoD 240 2.86 0.05 0.00 0.09 0.09 0.09 0.00 0.35 0.37
E545D LoD 239 4.55 0.10 0.27 0.00 0.15 0.17 0.06 0.61 0.71

H1047Y 3x LoD 240 3.45 0.00 0.14 0.00 0.09 0.00 0.02 0.39 0.42
H1047Y LoD 240 4.93 0.00 0.12 0.00 0.18 0.00 0.05 0.54 0.58
H1047R 3x LoD 240 2.38 0.00 0.14 0.04 0.11 0.04 0.00 0.32 0.37
H1047R LoD 240 4.53 0.11 0.09 0.00 0.15 0.00 0.00 0.60 0.63
C420R 3x LoD 240 1.01 0.00 0.23 0.00 0.11 0.00 0.16 0.32 0.42
C420R LoD 240 2.71 0.07 0.22 0.07 0.17 0.00 0.12 0.56 0.64
E545G 3x LoD 240 1.89 0.00 0.16 0.02 0.05 0.00 0.07 0.28 0.34
E545G LoD 240 5.04 0.00 0.26 0.00 0.00 0.00 0.00 0.80 0.84
Q546R 3x LoD 239 1.57 0.14 0.12 0.04 0.12 0.00 0.11 0.44 0.49
Q546R LoD 423 3.97 0.00 0.17 0.00 0.34 0.09 0.08 0.77 0.86
H1047L 3x LoD 240 5 0.22 0.36 0.17 0.07 0.02 0.09 0.46 0.63
H1047L LoD 239 7.15 0.17 0.22 0.26 0.22 0.15 0.17 1.24 1.32

*Samples at LoD with E545A and Q546R PIK3CA mutations were evaluated for 6 days across 3
sites, by 3 operators, with 2 runs and 4 replicates for a total of 144 measurements per site, 432 total.

6. Lot-to-Lot Interchangeability

The objective of this study was to demonstrate lot-to-lot interchangeability and to 
demonstrate consistency of the mutation status across the QIAamp DSP DNA FFPE 
Tissue Kit and the therascreen PIK3CA RGQ PCR Kit. The study utilized three lots 
of the FFPE Extraction Kit and three lots of the therascreen PIK3CA RGQ PCR Kit 
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to test mutation positive breast cancer FFPE clinical specimens and cell line FFPE 
samples representing the 11 mutations assays along with WT FFPE clinical samples.
A total of 22 samples were used: 13 mutation positive clinical breast FFPE 
samples, three WT clinical breast FFPE specimens, and six FFPE cell line 
samples. Samples were used without any modification or dilution. Each sample was 
extracted with three lots of QIAamp FFPE Extraction Kits. Two replicate extractions 
were carried out per QIAamp FFPE Extraction Kit, to give 6 extractions per sample. 
All extracts were tested with three different lots of the therascreen PIK3CA RGQ 
PCR Kit for a total of 396 data points, including 342 mutation positive and 54 WT 
data points, reported across all 9 PIK3CA Kit and extraction kit combinations. 
Further a total of 44 data points, including 38 mutation positive and 6 WT data 
points, would be reported per kit lot and extraction lot combination. Mutant samples 
were tested with the Control assay and the mutation assay of interest. WT samples 
were tested with the full therascreen PIK3CA RGQ PCR Kit.

The percentage of correct overall mutation call and specific mutation calls were
reported across all samples and kit lots, along with the corresponding two-sided 
exact 95% confidence limits. The percentage of correct overall mutation call was 
also reported for each PCR and extraction kit combination separately, along with the 
corresponding two-sided exact 95% confidence limits.

Of the nine kit combinations, eight were found to give mutation positive results 
(E542K and E545K) for WT sample 1. Based on these findings, investigations were 
performed to determine the sample status of WT Sample 1. It was found that WT 
Sample 1 had been misclassified as a WT sample. An assessment of the data 
determined that removal of this sample from the dataset did not affect the capability 
of the study to determine Lot Interchangeability.

In addition to the removal of the WT sample 1, C420R extract 2 was removed due to 
sample invalidity. The number of data points was therefore reduced. A total of 375 
data points, including 339 mutation positive and 36 WT data points, were reported 
across all 9 PCR kits and extraction kit combinations. A total of 41 data points per 
PCR kit lot and extraction kit lot 1 combination was reported including 37 mutation 
positive samples and 4 WT data points. A total of 42 data points per PCR kit lot and 
both extraction kit lot 2 and extraction kit lot 3 combinations was reported including 
38 mutation positive samples and 4 WT data points.

The purpose of the lot interchangeability study was to determine that extraction and 
PCR kits are interchangeable. With the removal of WT Sample 1, the data from 2 
WT samples was used during the statistical analysis.

The proportion of correct overall mutation calls was 96.80% for each therascreen 
PIK3CA RGQ PCR Kit lot and Extraction Kit lot combination. For extraction kit lot 
3 and all PCR kit combinations, the proportion of correct overall mutation call was 
90.48% and for extraction kit lot 1 and 2 and all PCR kit combinations, the 
proportion of correct overall mutation calls was 100.00%.
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In conclusion, this study showed that lot-to-lot interchangeability has no impact 
on assay performance. It also showed that combining different lots of the PIK3CA 
RGQ PCR Kit and FFPE Extraction Kit does not have an effect on the ability to
determine a correct mutation call.

7. Specimen Handling – Reproducibility

The objective of this study was to assess sample handling variability, specifically 
within the DNA extraction as part of the PIK3CA Kit test system process at three 
different sites. Four mutation positive clinical FFPE breast cancer specimens and six 
mutation positive cell line FFPE samples representing all 11 mutation assays along 
with one WT clinical FFPE breast cancer specimen were used in this study. Twelve
(12) sections of 11 samples (10 mutant and one WT) were distributed evenly across 
three different sites. Six extractions per sample (two sections per extraction per 
sample) were performed at each of the three different sites one located in the United 
Kingdom, and two in the USA. Testing of the extracts using the PIK3CA Kit was 
performed at the site in the United Kingdom. Extractions were performed at all three 
sites using one kit lot of QIAamp DSP DNA FFPE Tissue Kit. There were 48 FFPE 
sections required for each sample; these FFPE sections were randomized and split 
into 24 extract sets. These extract sets were then distributed evenly across the three 
testing sites, six extracts per study site. The remaining six extracts were retained as a
contingency set.

Each mutation assessment run tested all six extractions of one sample from each site 
with the full PIK3CA Kit, that is, with testing with all 6 reaction mixes included in 
the kit. In total 198 replicates across three sites (that is, 6 replicates at each of the 3 
sites for each of the 10 mutation positive samples and 1 WT sample) were planned 
for evaluation. Sixty-six (66) replicates within sites (that is, 6 replicates at each site 
for each of the 10 mutation positive samples and 1 WT sample) were planned for 
testing.

In the final dataset, one run (contained 6 data points) was removed as it was invalid, 
due to a PC out of specification. This run was not repeated as sufficient data points 
to conduct the primary analysis were collected from all other associated runs. Due to 
this, the study has 192 data points instead of 198. There is no impact on the study 
design by this reduction in sample size. The original power calculations are not 
impacted, and the power remains >99% over all extractions. When comparing the
results of the samples across all three sites, the percentage of correct mutation
calls for mutation positive and WT samples was 100.00%. Across specific PIK3CA 
mutation calls, the proportion of correct calls was 97.92%.

8. Guardbanding 

The objective of the guard banding studies was to establish the robustness of the 
PIK3CA Kit. The following studies were conducted to: (1) assess the tolerance of 
the PIK3CA Kit to temperature variations in the annealing step during PCR that 
could be introduced by the RGQ instrument, (2) determine the effect of varying 
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reagent volume on the mutation status of samples called by the PIK3CA Kit, (3) 
determine the effect of varying reagent mixing (4) determine the effect of varying 
the thaw time of the PIK3CA Kit reagents and samples and (5) determine the effect 
of varying set-up time on the mutation status called by the therascreen PIK3CA 
RGQ PCR Kit. For all guardband studies, a WT sample and a representative 
mutation in each of the reaction mixes within the kit was assessed at 3xLoD and low 
DNA input.

a. Cycling Guardband 

The study was designed to determine the tolerance of the PIK3CA Kit to 
temperature variations of the annealing step during PCR that could be 
introduced by the RGQ instrument.

The standard cycling conditions for the therascreen PIK3CA RGQ PCR 
Kit are denaturation at 95°C for 30 seconds and annealing at 60°C for 60 
seconds. Annealing temperature was tested across a seven-point range 
60°C ±2°C. The 59°C to 61°C temperature range was selected to represent 
temperatures within the RGQ dynamic temperature specification, two 
conditions, 58°C and 62°C were selected to represent temperatures outside 
the RGQ specification range. Mutant samples were tested with 4 replicates 
per run over three runs generating a total of 12 replicates per temperature 
condition. WT samples were tested with 2 replicates per run. A total of 10 
replicates were generated per temperature condition.

When the PCR annealing temperature was varied by ±2°C, correct calls 
across all tested mutation assays, for each temperature condition, within 
the dynamic temperature range was 100.00%.

b. Volumetric Guardbanding 

The objective of this study was to determine the effect of varying reagent 
volume on the mutation status of samples called by the PIK3CA Kit. 
Six samples, a representation of each of the PIK3CA Kit tubes (five 
mutants and one WT) were tested. 

The standard volumes as stated in the instructions for use are 19.83μL 
RM, 0.17μL Taq and 5.00μL of sample. The volumetric tolerance was 
tested by varying the volume of each individual component while keeping 
the volume of the other components constant. Each component volume 
was varied by ±6% as shown below (Table 14).

Table 14: Volumetric conditions to be tested

Condition
Reaction Mix 
Volume per 

reaction (μL)

Taq Volume 
per reaction 

(μL)

Total 
Mastermix 
Volume per 

reaction (μL)

Sample 
Volume per 

reaction (μL)

Total Volume 
per reaction 

(μL)

1 (Standard) 19.83 0.17 20.00 5 25
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Condition
Reaction Mix 
Volume per 

reaction (μL)

Taq Volume 
per reaction 

(μL)

Total 
Mastermix 
Volume per 

reaction (μL)

Sample 
Volume per 

reaction (μL)

Total Volume 
per reaction 

(μL)

2 18.64 0.17 19.81 5 23.81
3 21.02 0.17 21.19 5 26.19
4 19.83 0.16 19.99 5 24.99
5 19.83 0.18 20.01 5 25.01
6 19.83 0.17 20.00 4.7 24.70
7 19.83 0.17 20.00 5.3 25.3

This represents the total error that can be introduced by pipetting 
calculated by relative accuracy and precision stated in the pipette 
specifications. 

Mutant samples were tested with a total of 12 replicates were generated 
per volume condition. WT samples were tested with one replicate per run. 
A total of 10 replicates were generated per volume condition. The PC and 
NTC were also be tested as a sample with the seven volume conditions. A 
total of 4 replicates were generated per volume condition.

Four assays (E542K, Q546E, E545A and H1047L) a 100.00% correct 
mutation call was observed for these assays, across all conditions tested.
For the E545K assay, 11 out of 12 mutation calls were correct. One 
mutation call for condition 6 gave a double positive mutation status. 

05. The impact of volumetric variation on assay performance 
-

mutation calls were made within the conditions tested.

c. Guardband Mixing 

To determine the effect of varying reagent mixing, conditions that could 
be potentially introduced by the user, e.g. no mixing and vortexing, were 
evaluated against the standard, inversion 10 times. Six samples, a 
representation of each of the PIK3CA Kit tubes (five mutants and one 
WT) were tested.

The standard mixing conditions as stated in the instructions for use is to 
mix all reagents by inverting each tube 10 times. The following mixing 
conditions (as could be introduced by the user) were tested for, once a 
master mix containing both the reaction mix (Tubes 1 to 6) and the Taq 
DNA polymerase was made:

Inversion 10 times (standard condition per the instructions for use 
(IFU))
Vortex
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No mixing

Intermittent drop outs of mutation positive samples for the no mixing 
condition were observed for the E542K and E545K assays. The difference 

for no mixing-inversion for the Q546R assay was 
1.578. No difference was observed for all other assays tested.

In conclusion, this study indicated that there is an impact on assay 
performance if mixing is not performed correctly. The Instructions For 
Use states that the required mixing method is inversion 10 times. 
However, this study showed that mixing by vortex is also a suitable 
method.

d. Thawing guardband 

The objective of this study was to determine the effect of varying the thaw 
time of the therascreen PIK3CA RGQ PCR Kit reagents and samples. Six 
samples, a representation of each of the PIK3CA Kit tubes (five mutants
and one WT) were tested.

The tolerance of reaction mix, Taq and sample was tested against two 

Both thawing conditions were tested on each run. Mutant samples were 
tested with six replicates per run over two runs and a total of 12 replicates 
were generated per condition. WT samples were tested with three 
replicates per run over four runs. A total of 12 replicates were generated 
per condition. Both PC and NTC were tested with one replicate per run for 
each condition on mutant runs and one replicate per run for condition 1 on 
WT runs.

The thawing of kits and templates was staggered, with condition 1 reaction 
mix removed for thawing 3.5 hours after condition 2 and 1 hour prior to 
set-up. The time of removal from the freezer and set-up start time was 
recorded in the worksheets for each condition. During set-up, master mix 
was prepared in duplicate and in bulk for some runs.

instructions for use stated thaw time of 1 hour, and the guardband tested 
thaw time of 4.5 hours were within acceptable limits. The objective of the 
study was met; the impact of thaw time between 1 - 4.5 hours on assay 

(i.e. within the pre-specified limits), and no incorrect mutation calls were 
made for either mutant or WT samples.

e. Set-up guardband 
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The objective of this study was to determine the effect of varying set-up
time on the mutation status called by the PIK3CA Kit. Six samples, a 
representation of each of the PIK3CA Kit  tubes (five  mutants and one 
WT) were tested.

Due to complicated run layouts for some studies it can take up to 1.5 hours 
to set-up. The Instructions For Use state a run should be set-up and ran on
the RGQ immediately, the standard set-up condition was Condition 1. The 
following conditions, which could be introduced by the user, were tested 
in this study:

1. Set-up and immediate RGQ run (Standard Condition)
2. Set-up (up to 1.5 hours at room temperature then RGQ run)
3. Set-up (up to 4.5 hours at room temperature then RGQ run)
4. Set-up (up to 7.5 hours at room temperature then RGQ run)
5. Set-up (up to 1.5 hours at room temperature), store for 16h at 2-8°C 

prior to performing RGQ run

This study involved the setting up of 20 runs with 4 runs per condition 
assessed, to determine the robustness of the assay to environmental 
stresses during set-up. Twelve replicates were tested per condition. The 
five conditions that were assessed were a standard run preparation and run 
immediately on an RGQ, followed by four non- standard conditions where 
the runs were set-up at room temperature for a prolonged time frame with 
one condition, involving an overnight incubation step at 2 - 8°C. The set-
up of each run consisted of noting down the time the set-up began and the 
end time being when the run file was created on the RGQ.

To establish the tolerance of the therascreen PIK3CA RGQ PCR Kit to 
set-up variations, the impact of set-
determined. The data obtained shows that varying the set-up time has no 
effect on the mutation call of the kit except for H1047L for Condition 5. 
For H1047L the data shows that for Condition 5 has 
for H1047L. To mitigate the risk of a false mutation call, the instructions 
for use state that runs must not be left overnight. The data obtained shows 
that varying the set-up and storage time up to 7.5 hours at room 
temperature followed by an RGQ run, has no effect on the performance of 
the therascreen PIK3CA RGQ PCR Kit. The recommended maximum set-
up time is 8.5 hours at room temperature; this includes 1-hour thaw time 
and 7.5 hours for set-up and storage. The recommended maximum set-up
time is 8.5 hours at room temperature; this includes 1-hour thaw time and 
7.5 hours for set-up and storage

9. Cross-contamination

The objective of this study was to demonstrate the absence of PCR cross 
contamination of the WT samples by mutant samples within the DNA extraction and 
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run set-up procedure. The study focused on the DNA extraction of FFPE samples 
utilizing one kit lot of the FFPE Extraction Kit to identify any cross contamination 
associated with routine use of the PIK3CA Kit. Contamination could potentially 
occur at any stage of the testing procedure. This study was designed to investigate 
the probability of cross contamination during the whole testing procedure (DNA 
extraction and subsequent PIK3CA Kit).

This study was performed with H1047R (the mutation with highest prevalence) and 
WT FFPE cell line samples. Two independent sets of samples referred to as “Set A” 
and “Set B” were extracted following a pre-defined extraction matrix.

Two operators performed the extractions. Eighteen extractions (9 per set) were 
carried out for the mutation positive (H1047R) samples. 42 extractions (21 per set) 
were carried out for the WT samples. The extracts were mutation assessed across ten 
PCR runs; five per sample set were set-up consecutively by the same operator using 
the same equipment and RGQ instrument, with no other runs set-up using this 
instrument between these runs. Extracts were tested with the Control assay reaction 
mix (PIK3CA Kit Tube 1) and mutation of interest (PIK3CA Kit Tube 6). 

Per the study design, ten mutation assessment runs were planned and initially carried 
out. Sufficient data points were collected from the 9 valid runs and they were 
submitted for statistical analysis. One sample was invalid due to no IC Ct in tube 6 
reaction mix, but the sample was not repeat tested as sufficient data points from the 
associated extraction run had been collected for statistical analysis.

After removal of invalid data points, 189 WT replicates were available for statistical 
analysis. The observed percentage of correct mutation calls for WT samples was 
100%, demonstrating no cross contamination of the WT samples by mutant samples 
sharing the same DNA extraction and run set up procedure.

10. Stability Studies

a. Stability of FFPE Clinical Specimens and Extracted DNA from FFPE 
Specimens

The objective of this study was to demonstrate the long-term stability of 
samples stored in different conditions. The stability of specimens was 
assessed for: (1) FFPE section stability (paraffin dipped and undipped) 
stored at room temperature or 4ºC and (2) Extracted FFPE gDNA sample 
stability stored at -80ºC.

FFPE sections from 40 FFPE breast cancer tissue specimens, consisting of 
WT and mutant samples, were used for the cut FFPE tissue sections long 
term stability study. The FFPE sections were subjected to different storage 
conditions and time points, 10 specimens for each of the storage condition. 
Ten (10) breast cancer FFPE tissue specimens consisting of WT and mutant 
blocks were used for DNA extraction for the FFPE DNA samples long-term 
stability study.
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The long-term stability for the cut FFPE tissue sections and long-term DNA 
storage stability study evaluated 5 time-points for sampling, including the 
baseline (T0), 6th month, 12th month, 24th month, and 33th month.

The FFPE sections were subjected to 4 testing conditions consisting of the 
dipped sections and undipped at room temperature (RT) and 4 °C. Forty (40) 
FFPE tissue specimens, consisting of WT and mutant blocks, were used for 
the study, 10 blocks for each testing condition.

The sections were grouped in 4 sets, 2 sets of the sections (dipped and 
undipped) assigned to the room temperature and 2 sets of the sections 
(dipped and undipped) assigned to 4 °C for long-term storage. A set of 
freshly cut sections from each block were used for DNA extraction
immediately post-sectioning and testing results served as the baseline (T0) 
results.

The 4 sets of sections were subjected to 6 time-points for the cut FFPE tissue 
sections long term stability study. At each time point, the sections were 
sampled for DNA extraction and tested, and testing results were compared to 
the baseline (T0) results for determination of the section’s stability at that 
time point and condition.

The long-term DNA storage stability study evaluated the same 5 time points 
for sampling as the cut FFPE tissue section long term stability. Ten (10) of 
breast cancer FFPE tissue specimens, including WT and mutant blocks, were 
used for this study. DNA samples from the same blocks were pooled to 
ensure enough testing material and prevent tumor heterogeneity affecting 
testing results. Aliquots of DNA samples from each specimen were 
subjected to different time points and stored at -80 °C. At each time point, 
the DNA aliquots were used for DNA stability testing using the PIK3CA 
PCR Mutation Assays.

Testing time points at baseline, 6, 12, 24 and 33 months for the long-term 
stability study for FFPE cut sections and FFPE gDNA was performed to 
assess PIK3CA mutation status.

Using the results obtained at T0 as reference, the point estimate of the 
percent agreement on mutation status along with its associated two-sided 
95% Wilson Score confidence interval was calculated at each time point 
tested under each of the four testing conditions (RT Dipped, RT Undipped, 4 
°C Dipped and 4 °C Undipped). For each of these four testing conditions at 
all time-points achieved 100% agreement (10/10) with an associated two-
sided 95% Wilson Score confidence interval of (72.2%, 100.0%). Similarly 
using the results obtained at T0 as reference, the point estimate of the percent 
agreement on mutation status along with its associated two-sided 95% 
Wilson Score confidence interval was calculated at the 6th, 12th, 24th and 
33rd month time-points. At each time-point evaluating FFPE gDNA stability
100% agreement (10/10) was achieved with T0 with an associated two-sided 
95% Wilson Score confidence interval of (72.2%, 100.0%). 
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The study demonstrated that cut FFPE tissue sections are stable after 33 
months at room temperature and 4 °C in dipped and undipped storage 
conditions; and that gDNA derived from cut FFPE tissue sections are stable 
after 33 months stored at -80 °C.

Stability of the DNA extracted from FFPE clinical specimens was 
demonstrated in the P110027 approval of the therascreen® KRAS RGQ 
PCR Kit.

b. Kit Stability 

The therascreen PIK3CA RGQ PCR Kit was assessed for:

Real-Time stability (closed bottle, post-transport simulation)
In-Use stability (including freeze-thaw and open vial, post-transport 
simulation)
Transport simulation study (integrated in Real-Time and In-Use stability 
study)

For all Real-Time and In-Use stability study test time points the same batch 
of extracted tissue DNA clinical samples (H1047R mutant positive samples 
at 2xLoD and WT) as well as Cell Line mutant samples at 3xLoD level were 
used. Transport Simulation and In-Use stability were assessed using one 
therascreen PIK3CA RGQ PCR Kit. Real-Time stability was assessed using 
three therascreen PIK3CA RGQ PCR Kit lots. Six replicates were tested at 
each time point for Real-Time stability. Two replicates were tested at each 
time point for In-Use stability. At time point 13 months, 100% correct calls 
were observed for all samples and test conditions tested (Real-Time, In-Use 
and Transport stability). A linear regressi

over the time tested.

The real time stability data generated during this study supports a shelf-
life claim of 12 months the therascreen PIK3CA RGQ PCR Kit when
stored at -30°C to -15°C.

The in-use data generated during this study for the therascreen PIK3CA 
RGQ PCR Kit at all time points up to 13 months confirms the stability 
after 5 freeze-thaw cycles. 

A post market study will be conducted using representative mutation positive 
samples from each reaction tube at 2X LoD to validate and support the 
reagent stability of all the components of the therascreen PIK3CA RGQ 
PCR Kit. Refer for section XIII.

B. Animal Studies
None.
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C. Additional Studies
None.

X. SUMMARY OF PRIMARY CLINICAL STUDY

The QIAGEN GmbH (QIAGEN) performed a clinical performance study to establish a 
reasonable assurance of safety and effectiveness of the therascreen PIK3CA RGQ PCR 
Kit as an aid to clinicians in identifying breast cancer patients who may be eligible for 
treatment with PIQRAY (alpelisib), based on a PIK3CA mutation detected result, under 
Investigational Device Exemption (IDE) G160122. The Phase III study for alpelisib (also 
known as CBYL719C2301 or SOLAR-1), and the bridging study between the Clinical Trial 
Assay (CTA) and the therascreen PIK3CA RGQ PCR Kit were the clinical basis of the 
PMA approval decision.

SOLAR-1 (NCT02437318) was a randomized, double-blind, placebo-controlled Phase III
trial of PIQRAY plus fulvestrant versus placebo plus fulvestrant in patients with HR-
positive, HER2-negative, advanced or metastatic breast cancer whose disease had 
progressed or recurred on or after an aromatase inhibitor (AI)-based treatment (with or 
without CDK4/6 combination). The trial primary objective was to determine whether 
treatment with alpelisib in combination with fulvestrant prolongs progression free survival 
(PFS) compared to treatment with placebo in combination with fulvestrant based on local
radiological assessment using Response Evaluation Criteria in Solid Tumors (RECIST) v1.1
for patients with PIK3CA mutant status. Efficacy in the PIK3CA non-mutant cohort was 
assessed as a proof of concept (PoC) in a secondary objective. 

SOLAR-1 initiated in July 2015 with PIK3CA mutation testing conducted with the 
PIK3CA PCR Mutation Clinical Trial Assay (CTA) using FFPE tumor biopsy specimens 
prior to patient enrollment. SOLAR-1 PIK3CA mutation screening transitioned to the 
QIAGEN therascreen PIK3CA RGQ PCR Kit on September 28, 2016. Prior to 
implementation of the RGAM and Tissue Assay Profile software, the therascreen PIK3CA 
RGQ PCR Kit with manual analysis and results interpretation was used to identify patients 
for enrollment in the SOLAR-1 study. Enrollment for the SOLAR-1 non-mutant cohort 
ended on 21 December 2016. Screening continued to identify PIK3CA mutation positive 
patients for the SOLAR-1 mutant cohort until completion of randomization (21 July 2017).

The automated therascreen PIK3CA RGQ PCR Kit with RGAM and Tissue Assay Profile 
with automatic data scan (AUDAS) disabled was used to retrospectively retest all tissue
samples from patients enrolled in SOLAR-1 based on the original CTA to support a clinical 
bridging study. A subsequent in silico software bridging study demonstrated high 
agreement of the therascreen PIK3CA RGQ PCR Kit with manual analysis to the fully 
automated final market ready therascreen PIK3CA RGQ PCR Kit with RGAM, Gamma 
MDx Plug-in and associated Tissue Assay Profile software with AUDAS enabled and to the 
automated therascreen PIK3CA RGQ PCR Kit with RGAM and Tissue Assay Profile with 
AUDAS disabled used in the clinical bridging study. Hereafter the therascreen PIK3CA 
RGQ PCR Kit with manual analysis, the automated therascreen PIK3CA RGQ PCR Kit
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with RGAM and Tissue Assay Profile with AUDAS disabled and the final market ready 
therascreen PIK3CA RGQ PCR Kit with RGAM, Gamma MDx Plug-in and associated 
Tissue Assay Profile software with AUDAS enabled are referred to as therascreen PIK3CA 
RGQ PCR Kit or PIK3CA Kit.

The therascreen PIK3CA RGQ PCR Kit clinical study included the entire SOLAR-1
randomized population to demonstrate safety and efficacy of the therascreen PIK3CA RGQ 
PCR Kit for identification of HR+, HER2- advanced breast cancer patients with PIK3CA 
mutations eligible for treatment with alpelisib. A summary of the clinical study is 
presented below.

A. Study Design

Patients were treated starting July 23, 2015. The data cut-off date for efficacy analysis 
in PIK3CA mutant cohort and safety for both cohorts is June 12, 2018 while the data 
cut-off for efficacy analysis in PIK3CA non-mutant cohort is December 23, 2016.
The database for this PMA reflected data collected through June 12, 2018 for the 
PIK3CA mutant cohort and December 23, 2016 for the PIK3CA non-mutant cohort
and included 572 patients. 

SOLAR-1 was a pivotal Phase III, randomized, double-blind, placebo controlled,
international, multicenter study of alpelisib in combination with fulvestrant in 
postmenopausal women, and men with hormone receptor positive (HR+), human 
epidermal growth factor receptor 2 negative (HER2-) locally advanced breast cancer 
whose disease had progressed or recurred on or after an aromatase inhibitor based 
treatment (with or without CDK4/6 combination).

A total of 572 breast cancer patients were enrolled into two cohorts, with or without a 
PIK3CA mutation. Patients and investigators were blinded to mutational status. 
Patients were randomized to receive either alpelisib 300 mg plus fulvestrant 500 mg
or placebo plus fulvestrant in a 1:1 ratio. Randomization was stratified by presence of 
lung and/or liver metastasis and previous treatment with cyclin-dependent kinases 4
and 6 (CDK4/6) inhibitor(s). 

During the randomized treatment phase, alpelisib 300 mg or placebo was 
administered orally once daily on a continuous basis. Fulvestrant 500 mg was 
administered intramuscularly on Cycle 1 Day 1 and 15 and then on Day 1 of a 28-day 
cycle during treatment phase (administration +/- 3 days). Patients were not allowed to 
cross over from placebo to alpelisib during the study or after disease progression. 

Patients were treated until disease progression, unacceptable toxicity, death, or 
discontinuation from the study treatment for any other reason. Dose adjustments for 
alpelisib/placebo were permitted for safety concerns but not for fulvestrant. 

The primary endpoint for the study was progression-free survival (PFS) using 
Response Evaluation Criteria in Solid Tumors (RECIST v1.1), based on investigator 
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assessment in advanced breast cancer patients enrolled with a PIK3CA mutation. The 
key secondary endpoint was overall survival (OS) for patients with a PIK3CA 
mutation. 

1. Patient Information and Consent

In the SOLAR-1 study, informed consent was obtained from each patient in 
writing prior to any screening procedures. Patient informed consent for use of 
samples for the therascreen PIK3CA RGQ PCR Kit development (including the 
retrospective retesting) was included in the SOLAR-1 clinical study Model 
Patient Information and Informed Consent. Completed informed consent forms 
were not collected, nor made available to the Device Investigator; informed 
consent was collected by the clinical investigator sites and only samples for which 
informed consent was obtained were sent for testing. The study was explained to 
the patient by the Investigator or designee, who answered any questions, and 
written information was also provided. Ensuring patient informed consent was 
obtained before sample processing was the responsibility of the clinical 
investigator site.

2. Tumor Specimens and Testing

The Clinical Performance Study utilized samples that were collected and tested 
(archived tissue or new biopsy) at screening or banked as part of the SOLAR-1
clinical study. Patient samples (RES/CNB) were collected at the SOLAR-1
clinical investigational sites. Patient samples consisted of FFPE blocks, 4-
FFPE sections mounted on glass slides, or fresh tissue samples fixed and shipped
in 70% ethanol.  Samples were shipped from the collection sites at ambient 
conditions to the clinical testing site.

Tissue samples that were fixed and received in ethanol were processed into FFPE 
blocks at the clinical testing site. If samples were received as fresh tissue or an 
FFPE block, sectioning and mounting on glass slides occurred at the clinical 
testing site. FFPE slides allocated for the retrospective retesting could be either 
undipped or paraffin dipped for long term stability and stored at either room 

samples were performed per the clinical testing site procedures. The pathologist 
assessment of the H&E included marking the tumor ROI, evaluation of the tumor 
content, tumor area and percent (%) necrosis in the ROI marked. Samples were 
stored at ambient temperature at the clinical testing site until gDNA extraction. 
Genomic DNA could be stored at 2–8°C for 1-week post extraction, or at -15 to -
35°C for up to 8 weeks before use. Extracted DNA, if not used immediately, was 
stored at -15 to -35°C until results were reported. Residual DNA was stored at -
80°C +/- 10°C.

3. Key Clinical Inclusion and Exclusion Criteria

Enrollment in the SOLAR-1 study was limited to patients who met the following
inclusion criteria:
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Patient has advanced (loco regionally recurrent not amenable to curative 
therapy or metastatic) breast cancer.
Patients may be relapsed with documented evidence of progression while on 
(neo) adjuvant endocrine therapy or within 12 months from completion of 
(neo)adjuvant endocrine therapy with no treatment for metastatic disease;
relapsed with documented evidence of progression more than 12 months from 
completion of (neo)adjuvant endocrine therapy and then subsequently 
progressed with documented evidence of progression while on or after only 
one line of  endocrine therapy for metastatic disease;
newly diagnosed advanced breast cancer, then relapsed with documented 
evidence of progression while on or after only one line of endocrine therapy
Radiological or objective evidence of recurrence or progression during or after 
Aromatase Inhibitor (AI) therapy
Histologically and/or cytologically confirmed diagnosis of estrogen receptors 
(ER) positive and/or Progesterone receptor positive breast cancer
Has HER2 negative breast cancer defined as a negative in situ hybridization 
test or an IHC status of 0, 1+ or 2+. If IHC is 2+, a negative in situ 
hybridization (FISH, CISH, or SISH) test is required by local laboratory 
testing.
Identified PIK3CA status (mutant or non-mutant; determined by a Novartis 
designated laboratory)
Adults (female po
Subject either had

o Measurable disease, i.e. at least one measurable lesion per RECIST 1.1 
or 

o If no measurable disease was present, then at least one predominantly 
lytic bone lesion must be present

Subject had advanced (locoregionally recurrent not amenable to curative 
therapy or metastatic) breast cancer
Eastern Cooperative Oncology Group (ECOG) performance status 0 or 1
Adequate bone marrow and organ function as described in protocol

Patients were not permitted to enroll in the SOLAR-1 study if they met any of the 
following exclusion criteria:

Had inflammatory breast cancer or uncontrolled central nervous system 
metastases.
Had concurrent malignancy or malignancy within 3 years of randomization, 
except for adequately treated, basal or squamous cell carcinoma, non-
melanomatous skin cancer, or curatively resected cervical cancer.
Received prior treatment with chemotherapy in the advanced setting or prior 
therapy with fulvestrant or any PI3K, AKT or mTOR inhibitor 
Had Type 1 or uncontrolled Type 2 diabetes mellitus
Had documented pneumonitis at time of screening
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4. Follow up schedule

Safety follow-up
Subjects who discontinued study treatment were followed for safety, until 30 days 
after last study treatment administration, except in the case of death, loss to 
follow-up, or withdrawal of consent.

Efficacy follow-up
Subjects who discontinued study treatment for reasons other than disease 
progression, death, loss to follow-up, or withdrawal of consent, were followed 
every eight weeks ± one weeks for efficacy during the first 18 months and every 
12 weeks ± one week thereafter until disease progression, death, loss to follow-
up, or withdrawal of consent.

Survival follow-up
All subjects were followed for survival every 12 weeks until death, loss to follow-
up or withdrawal of consent until the final number of overall survival events was 
reached or if the study had stopped for other reasons. During the survival follow-
up, data related to subsequent antineoplastic therapies initiated after study 
treatment discontinuation were collected along with the start/end date and date of 
disease progression on subsequent therapies.

5. Clinical Endpoints

The primary endpoint was to determine whether treatment with alpelisib in 
combination with fulvestrant prolongs PFS compared to treatment with placebo in 
combination with fulvestrant in postmenopausal women and men with patients 
with HR positive, HER2-negative, breast cancer. The primary endpoint was 
investigator-assessed PFS in the PIK3CA mutant cohort per Response Evaluation 
Criteria in Solid Tumors (RECIST) v1.1.

6. Clinical Bridging study

The clinical bridging study between CTA used to enroll patients in SOLAR-1
prior to the use of the therascreen PIK3CA RGQ PCR Kit for enrollment in the 
SOLAR-1 trial was conducted to establish the concordance between the CTA and 
the QIAGEN therascreen PIK3CA RGQ PCR Kit (PIK3CA Kit). The clinical 
bridging study was aimed at establishing the clinical validity of the therascreen
PIK3CA RGQ PCR Kit in identifying PIK3CA mutation positive patients for 
treatment with alpelisib in combination with fulvestrant against placebo in 
combination with fulvestrant by assessing efficacy of the QIAGEN’s PIK3CA 
Kit.

Samples from all patients enrolled by the CTA were eligible for retrospective 
retesting with the PIK3CA Kit based on the following criteria:

Sample inclusion criteria
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Samples from all randomized patients enrolled by the CTA in the SOLAR-1
clinical trial
Availability of adequate sample to generate a PIK3CA Kit test result, 
including pathology review to confirm the presence of tumor and determine 
tumor content and area

Sample exclusion criteria

Lack of clear patient identification or label on stored patient sample
Obvious physical damage of stored patient sample
Insufficient sample
No tumor present

The H&E stained section of each specimen previously reviewed by a pathologist 
during SOLAR-1 screening was re-reviewed to determine the number of sections 
required for DNA extraction of CNB samples and to determine if
macrodissection was required for RES samples prior to DNA extraction.
Paraffin-dipped slides for each patient were deparaffinized by incubating at
60ºC for 1 hour and cooling at ambient temperature for 5 minutes.
Operators retesting the samples were blinded to previous CTA results.
One of the following results was assigned to an individual sample:

PIK3CA Mutation Detected and the specific mutation
No Mutation Detected
Invalid – based on flags assigned during analysis by RGAM

The diagnostic device study included the entire SOLAR-1 randomized population 
to demonstrate safety and efficacy of the therascreen PIK3CA RGQ PCR Kit for 
identification of HR+, HER2- advanced breast cancer patients with PIK3CA 
mutations eligible for treatment with alpelisib. 

The disposition of samples from the clinical trial through to bridging study results is 
illustrated in “Accountability of PMA Cohort” section below.

B. Accountability of PMA Cohort

A total of 1442 patients were screened for SOLAR-1. As part of the screening 
process, PIK3CA mutation testing was performed on 1244 of the 1442 patients using 
either the CTA (542 patients) or the PIK3CA Kit (702 patients). PIK3CA test records 
for 198 patients were not available due to patient withdrawal of consent or physician 
decision (28 patients), screen failure for other reasons prior to obtaining a PIK3CA 
result (103 patients), or incorrect/insufficient sample (67 patients).

Of the 542 patients tested by the CTA, 395 were randomized to the SOLAR-1 study 
based on PIK3CA status (169 patients PIK3CA mutation positive, 226 patients 
PIK3CA mutation negative) and 147 patients were not randomized to SOLAR-1 (28
patients with invalid PIK3CA mutation results and 119 screen failures for other 
reasons or withdrawal from the study).
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Enrollment for the SOLAR-1 non-mutant cohort was substantially complete when the 
PIK3CA Kit was implemented for SOLAR-1, therefore the PIK3CA Kit
predominantly selected PIK3CA mutation positive patients for the SOLAR-1 mutant 
cohort. Of the 702 patients tested by the PIK3CA Kit during screening for SOLAR-1,
177 were randomized (172 PIK3CA mutation positive, 5 PIK3CA mutation negative) 
and 525 patients were not randomized to SOLAR-1 (43 patients with invalid PIK3CA 
mutation results, 482 patients screen failed (including due to mutation negative result 
or withdrew from the study).

Samples from the 395 CTA-enrolled patients were retrospectively retested with the 
PIK3CA Kit and yielded 389 PIK3CA Kit-evaluable patients (98.5%) with 6 PIK3CA 
Kit-unevaluable patients (all PIK3CA mutation negative by CTA). The CTA-enrolled 
population was used for the PIK3CA Kit/CTA concordance analysis. The PIK3CA 
Kit efficacy analyses included the 177 PIK3CA Kit-enrolled patients and the 395 
CTA-enrolled patients (all retrospectively retested with the PIK3CA Kit).  The Figure 
1 and Table 15 below outline the specimen accountability and sample disposition to 
the bridging study. 

Figure 1. Specimen accountability

Screened by PIK3CA Kit 
N=702

Screened by CTA 
N=542

PIK3CA mutation screening for 
SOLAR-1
N= 1244

Randomized 
N=395 

(169 CTA+, 226 CTA-)

Not randomized*
N=525

(43 PIK3CA invalid, 482 screen 
fail* or withdrew)

PIK3CA Kit efficacy 
analysis 
N=572

Randomized
N=177

(172 PIK3CA Kit+, 5 
PIK3CA Kit-)

Retested by PIK3CA Kit 
N=395

(175 PIK3CA Kit+, 214 
PIK3CA Kit-, 6 invalid)

Screening for SOLAR-1 eligibility 
N= 1442

No PIK3CA test record
N=198

(103 fail other criteria, 67 
inadequate sample, 28 

withdrew)

Not randomized
N=147

(28 PIK3CA invalid, 119 
other screen fail or 

withdrew)
* Includes mutation negative, 
SOLAR-1 non-mutant cohort 
substantially filled when PIK3CA Kit 
implemented for screening

PIK3CA Kit /CTA 
Concordance analysis

N=395
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Table 15. Disposition of All Screened Subjects (All Screened Subjects)

Characteristics Total patients
All screened 1442

Randomized by CTA 395
Tested as positive 169

Treated in Alpelisib arm 85
Treated in Placebo arm 84

Tested as negative 226
Treated in Alpelisib arm 112
Treated in Placebo arm 114

Randomized by PIK3CA Kit 177
Tested as positive 172

Treated in Alpelisib arm 84
Treated in Placebo arm 88

Tested as negative 5
Treated in Alpelisib arm 3
Treated in Placebo arm 2

Not randomized 870
Tested by CTA 147

Positive 46
Negative 73
Invalid 28

Tested by PIK3CA Kit 525
Positive 105
Negative 377
Invalid 43

No test record 198
Treated is defined as Planned 

Mutation Prevalence in the PIK3CA Kit-positive Population in SOLAR-1

There were 341 patients enrolled in the PIK3CA mutant cohort and 231 enrolled in 
the PIK3CA non-mutant cohort. Of the 341 patients enrolled in PIK3CA mutant 
cohort in SOLAR-1, 169 patients were enrolled based on central testing with the 
CTA, and 172 were enrolled based on testing with the therascreen PIK3CA RGQ 
PCR Kit. Of the 169 patients enrolled based on CTA results in the PIK3CA mutant 
cohort, 164 had PIK3CA mutant positive status confirmed by the therascreen 
PIK3CA RGQ PCR Kit. Of the 226 patients enrolled based on CTA results in the 
PIK3CA non-mutant cohort, 11 had PIK3CA mutant positive status determined by 
the therascreen PIK3CA RGQ PCR Kit.

Overall, the PIK3CA Kit positive population consisted of 347 patients, 175 from 
retrospective retesting of the CTA-enrolled patients and 172 randomized to SOLAR-1
based on the PIK3CA Kit result as summarized in the Table 16 below.

Table 16. Comparison of PIK3CA Kit Mutation Results Between the CTA-enrolled 
Patients and the PIK3CA Kit-enrolled Patients (FAS)
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CTA-enrolled PIK3CA Kit-enrolled All
Positive Negative Positive Negative Positive Negative

PIK3CA Kit 
results N=169 (%) N=226 (%) N=172 (%) N=5 (%) N=341 (%) N=231 (%)

Positive 164 (97.0) 11 (4.9) 172 (100) 0 336 (98.5) 11 (4.8)
Negative 5 (3.0) 209 (92.5) 0 5 (100) 5 (1.5) 214 (92.6)
Missing 0 6 (2.7) 0 0 0 6 (2.6)

Within the PIK3CA Kit-positive population, all 11 of the targeted mutation variants 
were present. The most prevalent PIK3CA mutation variants in the PIK3CA Kit-
positive patients were H1047R, E545K and E542K as shown below.

Table 17. Comparison of Mutation Prevalence Between the CTA-enrolled Patients and the 
PIK3CA Kit-enrolled Patients in the PIK3CA Kit-positive Patients (FAS)

PIK3CA Kit 
mutations

CTA-enrolled
N=175 (%)

PIK3CA Kit-enrolled 
N=172 (%) All N=347 (%)

Exon 7
C420R 3 (1.7) 3 (1.7) 6 (1.7)

Exon 9
E542K 31 (17.7) 35 (20.3) 66 (19.0)
E545A 4 (2.3) 0 4 (1.2)
E545D 1 (0.6) 5 (2.9) 6 (1.7)
E545G 5 (2.9) 4 (2.3) 9 (2.6)
E545K 41 (23.4) 50 (29.1) 91 (26.2)
Q546E 0 1 (0.6) 1 (0.3)
Q546R 0 2 (1.2) 2 (0.6)

Exon 20
H1047L 17 (9.7) 7 (4.1) 24 (6.9)
H1047R 83 (47.4) 77 (44.8) 160 (46.1)
H1047Y 2 (1.1) 3 (1.7) 5 (1.4)

A mutation positive patient may have more than 1 mutation

Concordance of the PIK3CA Kit to the CTA is described below. Of the 169 CTA 
mutation positive tissue samples, 164 were PIK3CA Kit-positives. Of the 226 CTA 
mutation negative tissue samples, 209 were PIK3CA Kit-negative and 6 were invalid. 
There were 16 discordant results, 11 false positive results (PIK3CA Kit+, CTA-) and 
5 false negative results (PIK3CA Kit-, CTA+). Of the discordant samples, 13 were 
low mutant fraction (near the PIK3CA Kit cut-off) and/or had low tumor content.

Table 18. Contingency table between the PIK3CA Kit and CTA results (FAS, CTA-
enrolled)

PIK3CA Kit Results
CTA Results

Positive Negative Total
Positive 164 11 175
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PIK3CA Kit Results
CTA Results

Positive Negative Total
Negative 5 209 214
Invalid 0 6 6
Total 169 226 395

Agreement (PPA, NPA and OPA) between the PIK3CA Kit and CTA, with and 
without invalid PIK3CA Kit results, was calculated using the CTA results as 
reference and shown below. The point estimates of PPA, NPA and OPA were 97.0%, 
95.0% and 95.9% respectively, when excluding PIK3CA Kit invalid results. The 
lower bounds of the 95% Clopper-Pearson confidence intervals for PPA (93.2%) and 
NPA (91.2%).

Table 19. Bridging Study Agreement Analysis between the PIK3CA Kit and CTA based on 
the CTA results (Full analysis set, CTA-enrolled)

Measure of 
agreement

Without invalid PIK3CA Kit 
results With invalid PIK3CA Kit results

Percent 
agreement (N) 95% CI (1) Percent 

agreement (N) 95% CI (1)

PPA 97.0% (164/169) (93.2%, 99.0%) 97.0% (164/169) (93.2%, 99.0%)
NPA 95.0% (209/220) (91.2%, 97.5%) 92.5% (209/226) (88.2%, 95.6%)
OPA 95.9% (373/389) (93.4%, 97.6%) 94.4% (373/395) (91.7%, 96.5%)

(1) The 95% Confidence Interval (CI) calculated using the Clopper-Pearson Exact method

C. Study Population Demographics and Baseline Parameters

Demographics and baseline disease characteristics, tumor burden, and prior 
antineoplastic therapy were well-balanced between the study arms and cohorts with 
or without a PIK3CA mutation as shown in the tables below. Patients in the PIK3CA 
mutation cohort had a median age of 63 years (range 25 to 92). In this cohort, 54% 
were < 65 years, 45% patients were 65 year
85 years. The patients included were White (66%), Asian (22%), Black or African 
American (1%), and Other (5%).

Within the PIK3CA mutantion cohort, 169 patients were randomized to receive 
PIQRAY in combination with fulvestrant and 172 patients were randomized to 
placebo in combination with fulvestrant. Within this cohort, 170 (50%) patients had 
liver/lung metastases and 20 (6%) patients had prior CDK4/6 inhibitor treatment. In 
the PIQRAY plus fulvestrant arm of the cohort with a PIK3CA mutation, 98% of 
patients had received prior hormonal therapy, 48% as treatment of metastatic disease 
and 52% as adjuvant therapy as the last setting prior to entry into the trial. Primary 
endocrine resistance was observed in 13%, and secondary endocrine resistance was 
observed in 72% of patients in the alpelisib plus fulvestrant arm.
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Table 20. Demographics and baseline characteristics (FAS, PIK3CA mutant cohort
enrolled by either CTA or PIK3CA Kit)

Demographic variable

PIQRAY plus 
fulvestrant

Placebo plus 
fulvestrant All Subjects

N=169 N=172 N=341
n (%) n (%) n (%)

Age (years)
Mean (SD) 62.7 (10.22) 64.0 (9.99) 63.3 (10.11)
Median 63.0 64.0 63.0

Sex – n (%)
Female 168 (99.4) 172 (100) 340 (99.7)
Male 1 (0.6) 0 1 (0.3)

Race – n (%)
White 117 (69.2) 109 (63.4) 226 (66.3)
Asian 34 (20.1) 40 (23.3) 74 (21.7)
Other 8 (4.7) 10 (5.8) 18 (5.3)
Unknown 8 (4.7) 8 (4.7) 16 (4.7)
Black or African American 1 (0.6) 3 (1.7) 4 (1.2)
American Indian or Alaska native 1 (0.6) 2 (1.2) 3 (0.9)

ECOG performance status – n (%)
0 112 (66.3) 113 (65.7) 225 (66.0)
1 56 (33.1) 58 (33.7) 114 (33.4)
Missing 1 (0.6) 1 (0.6) 2 (0.6)

Table 21. Demographics and baseline characteristics (FAS, PIK3CA non-mutant cohort
enrolled either by CTA or PIK3CA Kit)

Demographic variable

PIQRAY plus 
fulvestrant

Placebo plus 
fulvestrant All subjects

N=115 N=116 N=231
n (%) n (%) n (%)

Age (years)
Mean (SD) 62.5 (9.01) 62.3 (10.61) 62.4 (9.83)
Median 62.0 63.0 62.0

Sex – n (%)
Female 115 (100) 116 (100) 231 (100)

Race – n (%)
White 82 (71.3) 69 (59.5) 151 (65.4)
Asian 25 (21.7) 26 (22.4) 51 (22.1)
Unknown 6 (5.2) 9 (7.8) 15 (6.5)
Other 1 (0.9) 7 (6.0) 8 (3.5)
Black or African American 1 (0.9) 3 (2.6) 4 (1.7)
American Indian or Alaska native 0 2 (1.7) 2 (0.9)

ECOG performance status – n (%)
0 84 (73.0) 79 (68.1) 163 (70.6)
1 30 (26.1) 37 (31.9) 67 (29.0)
Missing 1 (0.9) 0 1 (0.4)
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D. Safety and Effectiveness Results

1. Safety Results

The safety with respect to treatment with alpelisib is not comprehensively 
addressed in the SSED for the therascreen PIK3CA RGQ PCR Kit. The 
evaluation of safety was based on the analysis of adverse events (AEs), clinical 
laboratory evaluations, physical examinations, and vital signs. Refer to PIQRAY 
(alpelisib) label for more information. 

The most common adverse reactions including laboratory abnormalities (all 

rash, lymphocyte count decreased, GGT increased, nausea, ALT increased, 
fatigue, hemoglobin decreased, lipase increased, decreased appetite, stomatitis, 
vomiting, weight decreased, calcium decreased, glucose decreased, aPTT 
prolonged, and alopecia.

Serious adverse reactions occurred in 35% of patients receiving PIQRAY plus 
fulvestrant. Serious adverse reactions in > 2% of patients receiving PIQRAY plus 
fulvestrant included hyperglycemia (10%), rash (3.5%), diarrhea (2.8%), acute 
kidney injury (2.5%), abdominal pain (2.1%), and anemia (2.1%).

The median duration of exposure to alpelisib plus fulvestrant was 8.2 months with 
59% of patients exposed for > 6 months. Dose reductions due to ARs occurred in 
55% of patients receiving PIQRAY plus fulvestrant. The most frequent ARs 
leading to dose reduction in > 2% patients receiving PIQRAY plus fulvestrant 
were hyperglycemia (29%), rash (9%), diarrhea (6%), stomatitis (3.5%) and 
mucosal inflammation (2.1%). Among patients receiving PIQRAY plus 
fulvestrant, 4.6% permanently discontinued both PIQRAY and fulvestrant and 
21% permanently discontinued PIQRAY alone, due to ARs. The most frequent 
ARs leading to treatment discontinuation of PIQRAY in > 2% patients receiving 
PIQRAY plus fulvestrant were hyperglycemia (6%), rash (4.2%), diarrhea (2.8%), 
and fatigue (2.5%). 

a. Safety Results - Adverse device effects that occurred in the PMA 
clinical study

No adverse events were reported in connection with the studies used to 
support this PMA with the final market ready therascreen PIK3CA RGQ 
PCR Kit.

2. Effectiveness Results

a. Overall Efficacy

Efficacy results from the SOLAR-1 trial for the PIK3CA mutant cohort 
Full Analysis Set (FAS) are presented in Table 22 and Figure 2 below.

Reference ID: 4438706



PMA P190001:  FDA Summary of Safety and Effectiveness Data Page 45

PFS results for the PIK3CA mutant cohort by investigator assessment
were supported by consistent results from a blinded independent review 
committee (BIRC) assessment. 

Table 22. Efficacy Results in SOLAR-1 (Patients with a PIK3CA Mutation per Investigator 
Assessment)

PIQRAY plus fulvestrant Placebo plus fulvestrant

Progression-free survival N = 169 N = 172
Number of PFS events – n (%) 103 (61) 129 (75)
Median PFS months (95% CI) 11.0 (7.5, 14.5) 5.7 (3.7, 7.4)
Hazard ratio (95% CI)1 0.65 (0.50, 0.85)
p-value2 0.0013

1 Cox proportional hazards model are stratified by prior CDK4/6 inhibitor usage and presence of 
lung/liver metastases. Confidence interval is obtained using Wald method.
2 p-value obtained from 2-sided stratified logrank test

Figure 2. Kaplan-Meier Progression Free Survival Curves in the Cohort of Patients with a 
PIK3CA Mutation per Investigator Assessment in SOLAR-1

Clinical efficacy in the PIK3CA Kit-positive population was estimated by 
pooling the hazard ratios calculated for: 1) the CTA-enrolled patients that 
were PIK3CA Kit-positive after retest and 2) the PIK3CA Kit-enrolled 
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patients that were PIK3CA Kit-positive. Analysis was conducted with two 
pooling schemes:

With pooling weighted by inverse variance of the log HR, the estimated 
hazard ratio was 0.64 (95% CI: 0.48, 0.85) 
Analysis weighted by sample size showed consistent results (estimated 
hazard ratio was 0.64 (95% CI: 0.48, 0.85)

Clinical efficacy of alpelisib in combination with fulvestrant for the 
PIK3CA Kit-positive population (HR = 0.64, 95% CI: 0.48, 0.85) was 
similar to the clinical efficacy in the SOLAR-1 PIK3CA mutant cohort 
(HR = 0.65; 95% CI: 0.50, 0.85).

In the PIK3CA Kit-positive subpopulations:

The PFS HR for the 164 CTA-positive/PIK3CA Kit-positive patients 
was 0.67 (95% CI: 0.45, 1.01). Median PFS was 11.0 months for the 
alpelisib plus fulvestrant arm vs. 5.5 months for the placebo plus 
fulvestrant arm.
The PFS HR for the 172 PIK3CA Kit-enrolled PIK3CA Kit-positive 
patients was 0.64 (95% CI: 0.43, 0.95). Median PFS was 9.4 months for 
the alpelisib plus fulvestrant arm vs. 5.7 months for the placebo plus 
fulvestrant arm.
Median PFS for the 11 CTA-negative/PIK3CA Kit-positive patients 
was not estimable due to few events.

Table 23. PFS (months) in the CTA-positive, PIK3CA Kit-positive patients (CTA-enrolled)
and in the PIK3CA Kit-positive patients randomized by the PIK3CA Kit (PIK3CA Kit-
enrolled)

CTA-positive/PIK3CA Kit-positive PIK3CA Kit Positive/PIK3CA Kit-
enrolled

PIQRAY plus 
fulvestrant

Placebo plus 
fulvestrant

PIQRAY plus 
fulvestrant

Placebo plus 
fulvestrant

PFS N = 83 N = 81 N = 84 N = 88
Number of PFS 
events – n (%) 61 (73.5) 64 (79.0) 42 (50.0) 63 (71.6)

Median PFS months 
(95% CI) 11.0 (7.4, 14.6) 5.5 (3.5, 9.0) 9.4 (5.8, 16.8) 5.7 (3.6, 9.0)

Hazard ratio (95% 
CI) 1 0.67 (0.45, 1.01) 0.64 (0.43, 0.95)

p-value 2 0.024 0.026
1 Cox proportional hazards model are stratified by prior CDK4/6 inhibitor usage and presence of 
lung/liver metastases. Confidence interval is obtained using Wald method.
2 p-value obtained from 2-sided stratified logrank test.
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Figure 3. Kaplan-Meier plot of progression free survival by treatment in the CTA-positive, 
PIK3CA Kit-positive patients (Full analysis set, CTA-enrolled)

Figure 4. Kaplan-Meier plot of progression free survival by treatment in the PIK3CA Kit-
positive patients randomized by the PIK3CA Kit (Full analysis set, PIK3CA-enrolled)
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Sensitivity analysis: PIK3CA Kit-positive population

Sensitivity analysis against the missing PIK3CA Kit results demonstrated 
the robustness of the clinical efficacy estimate for PIK3CA Kit-positive 
patients. With pooling weighted by inverse variance of the log HR, the 
estimated hazard ratios were similar for:

The case assuming all missing PIK3CA Kit results were concordant 
with the CTA results (HR = 0.64, 95% CI: 0.48, 0.85) and
The case assuming all missing PIK3CA Kit results were discordant with 
the CTA results (HR = 0.63, 95% CI: 0.47, 0.84).

Analysis weighted by sample size showed consistent results with HR = 
0.64 (95% CI: 0.48, 0.85) assuming missing PIK3CA Kit results were 
concordant with the CTA results, and HR = 0.63 (95% CI: 0.47, 0.84) 
assuming missing PIK3CA Kit results were discordant with the CTA 
results.

PFS was also estimated in the PIK3CA Kit -negative population. No PFS 
benefit was observed in patients with wildtype PIK3CA (HR = 0.85; 95% 
CI: 0.58, 1.25).

Efficacy Results for CNB vs. RES

The total SOLAR-1 PIK3CA mutant cohort based on the enrolling tissue 
result, regardless of consideration of tissue sample type, was well balanced 
across the treatment arms for the baseline demographic and disease 
characteristics. However, the patients with CNB samples vs RES samples 
showed imbalance by sample type and imbalance between treatment arms 
for the CNB patients, in particular for baseline disease characteristics.
Many of the disease characteristics reflect more aggressive disease in the 
population represented by CNBs.

Overall, there were fewer patients with CNB samples compared to patients 
with RES samples (N= 103 for CNB vs N=244 with RES). The SOLAR-1

in the allocation to treatment arm for the PIK3CA Kit positive patients 
with CNB samples with 58 (56%) patients in the alpelisib arm and 45 
(44%) in the placebo arm compared to the more equally distributed 
PIK3CA Kit positive patients with RES samples with 115 (47%) patients 
in the alpelisib arm and 129 (53%) in the placebo arm.

The PFS HR was 0.91 (95% CI: 0.57, 1.46) for patients with CNB 
samples and the HR was 0.57 (95% CI: 0.41, 0.79) for patients with RES 
samples. The HR confidence interval for patients with CNB samples 
overlapped the confidence interval for patients with RES samples. The 
study was not powered for this subgroup analysis.  
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3. Subgroup Analyses
Not performed for PIK3CA Kit analyses.

4. Pediatric Extrapolation
In this premarket application, existing clinical data was not leveraged to support 
approval of a pediatric patient population since it not applicable for the breast 
cancer indication.

E. Financial Disclosure

The Financial Disclosure by Clinical Investigators regulation (21 CFR 54) requires 
applicants who submit a marketing application to include certain information 
concerning the compensation to, and financial interests and arrangement of, any 
clinical investigator conducting clinical studies covered by the regulation. The pivotal 
clinical study included 322 investigators. None of the clinical investigators had 
disclosable financial interests/arrangements as defined in sections 54.2(a), (b), (c), 
and (f). The information provided does not raise any questions about the reliability of 
the data.

XI. PANEL MEETING RECOMMENDATION AND FDA’S POST-PANEL ACTION

In accordance with the provisions of section 515(c)(3) of the act as amended by the Safe 
Medical Devices Act of 1990, this PMA was not referred to the Molecular and Clinical 
Genetics Panel of Medical Devices, an FDA advisory committee, for review and 
recommendation because the information in the PMA substantially duplicates 
information previously reviewed by this panel.

XII. CONCLUSIONS DRAWN FROM PRECLINICAL AND CLINICAL STUDIES

A. Effectiveness Conclusions

In the SOLAR-1 PIK3CA mutant cohort , the median PFS for the alpelisib in 
combination with fulvestrant arm was 11.0 months, as compared to the placebo in 
combination with fulvestrant arm which was 5.7 months. This median PFS  difference 
of 5.3 months is considered clinically meaningful in metastatic breast cancer. The 
clinical benefit of the therascreen PIK3CA RGQ PCR Kit was demonstrated by 
prospective and retrospective analysis of patients enrolled in the SOLAR-1 trial.  
Clinical efficacy of alpelisib in combination with fulvestrant for the companion 
diagnostic, the therascreen PIK3CA RGQ PCR Kit-positive population (HR = 0.64, 
95% CI: 0.48, 0.85) was similar to the clinical efficacy in the SOLAR-1 PIK3CA 
mutant cohort (HR = 0.65; 95% CI: 0.50, 0.85). These hazard ratios were maintained 
when subjected to clinical sensitivity analysis.

B. Safety Conclusions
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The risks of this device relate to false positive and false negative device results. A 
false negative result could potentially result in the patient forgoing potentially 
beneficial treatment with alpelisib with a demonstrated PFS benefit of about 5 
months.

A false positive result could subject a patient to the toxicity of alpelisib while 
providing only limited expected benefit. The main toxicities of alpelisib are 
hyperglycemia, diarrhea, rash with a few cases of Stevens-Johnson syndrome in the 
dose finding studies, and nausea and vomiting which were mostly managed by oral 
medications as well as dose reductions.  The most significant AE is the 
hyperglycemia.  All of the AEs noted were anticipated for this class of drug.  There 
were a few cases of pneumonitis so it was also listed in the warnings and precautions 
but those were very few cases.

C. Benefit-Risk Determination

The probable benefits of the use of the therascreen® PIK3CA RGQ PCR Kit are based 
on data collected in the pivotal registrational trial of PIQRAY (alpelisib),
CBYL719C2301 (SOLAR-1), showing improved PFS in a defined population of 
patients with recurrent breast cancer.  The clinical benefit of the therascreen PIK3CA 
RGQ PCR Kit was demonstrated by prospective and retrospective analysis of patients 
enrolled in the SOLAR-1 trial.  Clinical efficacy of alpelisib in combination with 
fulvestrant for the companion diagnostic, the therascreen PIK3CA RGQ PCR Kit-
positive population (HR = 0.64, 95% CI: 0.48, 0.85) was similar to the clinical efficacy 
in the SOLAR-1 PIK3CA mutant cohort (HR = 0.65; 95% CI: 0.50, 0.85). 

The risks of the use of the therascreen® PIK3CA RGQ PCR Kit relate to false positive 
results, which may subject a patient to the toxicity of alpelisib while providing only 
limited expected benefit; and to false negative results, which could potentially result in 
the patient forgoing potentially beneficial treatment with alpelisib. The toxicity profile of 
alpelisib in this clinical setting is judged to be acceptable.

In conclusion, given the available information above, the data support that the use of the 
therascreen® PIK3CA RGQ PCR Kit in breast cancer patients with specifically defined 
characteristics, the probable benefits outweigh the probable risks.

Patient Perspectives
This submission did not include specific information on patient perspectives for this 
device.

D. Overall Conclusions

The data in this application support the reasonable assurance of safety and 
effectiveness of this device when used in accordance with the indications for use.  
The use of this device to aid clinicians in identifying advanced breast cancer patients 
who may be eligible for treatment with PIQRAY (alpelisib) based on a PIK3CA 
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mutation detected result is expected to provide a benefit in progression-free survival 
of approximately five months. There is some uncertainty to this assessment based 
primarily on analytical performance factors of the device. Accordingly, post-market 
commitments with respect to the following analytical studies will be required: 
precision (repeatability and reproducibility), certain interference studies (adipose 
tissue), and study demonstrating PIK3CA Kit reagent stability.

In summary, considering all factors including conditions of approval (postmarket 
actions), the benefits of the use of QIAGEN therascreen® PIK3CA RGQ PCR Kit in 
patients with breast carcinoma are judged to outweigh the risks. 

XIII. CDRH DECISION

CDRH issued an approval order with conditions for approval on May 24, 2019. The final 
conditions of approval cited in the approval order are described below.

1. Obtain additional repeatability and reproducibility data using PIK3CA mutation 
positive and wild type specimens according to the agreed upon study proposal and 
the therascreen PIK3CA RGQ PCR Kit Instructions for Use.

2. Obtain additional therascreen PIK3CA RGQ PCR Kit reagent stability study data 
with representative mutation positive specimens from each reaction tube according 
to the agreed upon study proposal.

3. Evaluate potential interference from adipose tissue by evaluating PIK3CA mutation 
positive and negative SOLAR-1 clinical trial samples and update the labeling.

The final study data, study conclusions, and labeling revisions should be submitted within 
1 year of the PMA approval date for items 1 and 3, and 2 years of the PMA approval date 
for item 2.

The applicant’s manufacturing facilities have been inspected and found to be in 
compliance with the device Quality System (QS) regulation (21 CFR 820).

XIV. APPROVAL SPECIFICATIONS

Directions for use:  See device labeling.

Hazards to Health from Use of the Device:  See Indications, Contraindications, 
Warnings, Precautions, and Adverse Events in the device labeling.

Post-approval Requirements and Restrictions:  See approval order.
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Clinical Inspection Summary

Date May 6, 2019
From Lauren Iacono-Connors, Ph.D., Reviewer 

Susan Thompson, M.D., Team Leader
Kassa Ayalew, M.D., M.P.H., Branch Chief
Division of Clinical Compliance Evaluation

To Charlene Wheeler, Regulatory Project Manager
Tatiana Prowell, Clinical Reviewer
Preeti Narayan, Clinical Reviewer
Division of Oncology Products 1

NDA # 212526
Applicant Novartis Pharmaceuticals Corporation
Drug Piqray (Alpelisib)
NME Yes
Therapeutic Classification Phosphatidylinositol-3-kinase (PI3K) inhibitor
Proposed Indication The treatment of postmenopausal women, and men, with 

hormone receptor positive, HER2-negative, PIK3CA mutant 
advanced breast cancer.

Consultation Request Date December 19, 2018 (NDA submission date: December 19, 
2018)

Summary Goal Date April 22, 2019 (Original due date: March 22, 2019)
Action Goal Date May 23, 2019 (Original goal date: April 26, 2019)
PDUFA Date June 19, 2019

I. OVERALL ASSESSMENT OF FINDINGS AND 
RECOMMENDATIONS

The data from Study CBYL719C2301 was submitted to the Agency in support of NDA 
212526. Five clinical sites, Dr. Bella Kaufman, M.D. (Site 2402), Dr. Yen-Shen Lu, M.D. (Site 
4000), Dr. Michelle Melisko, M.D. (Site 5049), Dr. Gabor Rubovszky, M.D. (Site 2203), and 
Dr. Salomon Stemmer, M.D. (Site 2401), were selected for audit.  

The data from Study CBYL719C2301 submitted to the Agency in support of NDA 212526, 
appear reliable based on available information.

There were no significant inspectional findings for clinical investigators Dr. Bella Kaufman,  
Dr. Yen-Shen Lu, Dr. Michelle Melisko, Dr. Gabor Rubovszky, and Dr. Salomon Stemmer, 
M.D.

II. BACKGROUND
Novartis Pharmaceuticals Corporation, seeks approval to market alpelisib for the treatment of 
postmenopausal women and men, with hormone receptor positive, HER2-negative, PIK3CA 
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mutant advanced breast cancer. The key study supporting this application is the Phase III 
study, CBYL719C2301.

The following overview of Study CBYL719C2301 is intended as background context for 
interpreting the inspectional findings.

A total of approximately 560 subjects were to be enrolled. A total of 571 subjects were 
randomized; 342 subjects were enrolled in the PIK3CA mutant cohort and 231 subjects in the 
PIK3CA non-mutant cohort. The study was conducted under IND 119183.

Study CBYL719C2301, is entitled “A Phase III randomized double-blind, placebo-controlled 
study of alpelisib in combination with fulvestrant for men and postmenopausal women with 
hormone receptor positive, HER2-negative advanced breast cancer which progressed on or 
after aromatase inhibitor treatment.”

Study Period: Date first subject visit: July 23, 2015
Data cut-off date for analysis: June 12, 2018

Primary efficacy endpoint: Progression-Free Survival (PFS) as determined by the clinical 
investigator; defined as the time from randomization until the date of objective radiological 
disease progression according to RECIST version 1.1, or to death (by any cause in the absence 
of disease progression).

The inspections were performed as a routine data audit.
Objectives of Inspections:

a. Verify efficacy endpoint of PFS as determined by the clinical investigator per 
RECIST v1.1.

b. Verify Overall Survival
c. Identification, documentation, and reporting of adverse events (AEs)
d. General compliance with the investigational plan.

III. RESULTS (by site):
Name of CI, Site #, Address Protocol # and # of 

Subjects Enrolled
Inspection Date Final Classification

CI: Dr. Bella Kaufman, M.D. 
(Site 2402)
Oncology Institute, Main Building, 
Clinical Trials Floor 1 Tel 
Hashomer Ramat Gan, 5262100
Israel

Protocol: 
CBYL719C2301

Subjects: 12

February 17-19, 
2019

NAI
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Name of CI, Site #, Address Protocol # and # of 
Subjects Enrolled

Inspection Date Final Classification

CI: Dr. Yen-Shen Lu, M.D.
(Site 4000)
No. 7 Chung Shan S Road
Taipei, Taiwan 10002
Taiwan

Protocol: 
CBYL719C2301

Subjects: 10

March 4-7, 2019 *NAI

CI: Dr. Michelle Melisko, M.D.
(Site 5049)
1600 Divisadero Street
San Francisco, CA 94115

Protocol: 
CBYL719C2301

Subjects: 5

February 20-22, 
2019

NAI

CI: Dr. Gabor Rubovszky, M.D.
(Site 2203)
Rath Gyorgy u. 7-9
Budapest, H-1122
Hungary

Protocol: 
CBYL719C2301

Subjects: 14

March 4-8, 2019 *NAI

CI: Dr. Salomon Stemmer, M.D.
(Site 2401)
Belinson Campus 39 Jabotinsky St. 
Davidoff Center POB 85
Petach Tikva, 49100
Israel

Protocol: 
CBYL719C2301

Subjects: 7

February 24-26, 
2019

*NAI

Key to Compliance Classifications
NAI = No deviation from regulations. 
VAI = Deviation(s) from regulations. 
OAI = Significant deviations from regulations.  Data unreliable.  
*Pending = Preliminary classification based on information in 483 or preliminary 

communication with the field; EIR has not been received from the field, and complete 
review of EIR is pending.  Final classification occurs when the post-inspectional 
letter has been sent to the inspected entity.

1. Bella Kaufman, M.D. (Site 2402)

The site screened 16 subjects and enrolled 12 subjects.  A record review was done for 
all 12 subjects.  At the time of this inspection 10 subjects had completed the study and 
two subjects were in follow-up.  Documents reviewed during the inspection included 
ethics committee approvals, financial disclosures, training records, monitoring letters, 
informed consent forms (ICFs), subject records, case report forms, and test article
accountability records. All subject records were reviewed in full. Subject source 
documents, including the primary efficacy endpoint, concomitant medications, adverse 
events (AEs), serious adverse events (SAEs), and randomization were compared to the 
data line listings submitted to the application. 

The inspection revealed no significant deficiencies.  The primary efficacy endpoint 
data, as determined by the clinical investigator, were verifiable with the source records 
maintained at the site.  There was no evidence of under-reporting of AEs.
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2. Yen-Shen Lu, M.D. (Site 4000)

The site screened 17 subjects and enrolled 10 subjects.  A record review was done for 
all 17 screened subjects.  At the time of this inspection, nine subjects had completed 
the study.  The inspection included review of subject records including eCRFs, and 
study source documents including but not limited to inclusion/exclusion records, 
randomization, subject visit reports, investigational product accountability, AEs and 
SAE documentation, and tumor response assessments.  The source data was compared 
to the data listings submitted to the application. 

While all source documents matched the eCRFs, not all data points were included in 
the data listings submitted to the application, specifically the site-specific data listings 
provided by the sponsor to support clinical site inspections were incomplete.  Briefly, 
the surgical and medical procedures for certain subjects were incomplete.  For 
example,

1. Cataract refractive surgery and tooth extraction for Subject  was not 
included in the data listings submitted to the application.

2. Subject  had documented sequestrectomy over left the posterior maxilla, 
packed RBC transfusion, tooth extraction, left sequestrectomy maxillectomy 
Caldwell Luc operation, transfusion of 2 units of RBC, and a maxillectomy that 
were not included in the data listings submitted to the application.

3. Subject  had documented palliative radiotherapy for the T7-L1 spine 
that was not included in the data listings submitted to the application.

The sponsor appears to have only reported the first surgical and medical procedure for 
some of the subjects treated at this site.  A sponsor representative present at the site during 
the inspection promised a written explanation for this observation.

OSI Reviewer Notes: A written response from the sponsor, Novartis, dated March 6, 
2019, was forwarded from the FDA field investigator to OSI reviewer Lauren Iacono-
Connors on March 14, 2019 and to the DOP1 CDTL Jennifer Gao and the Clinical 
Reviewer, Tatiana Prowell. After a complete review of the written response, both OSI 
and DOP1 agreed that the response was unclear and did not provide an adequate 
explanation for the observations.  DOP1 sent an IR to the sponsor on March 21, 2019 
requesting that the sponsor, clarify the information regarding missing surgical and 
medical procedures, including but not limited to whether any of the missing 
information affects the safety and efficacy of alpelisib + fulvestrant and if so, for 
which patients.  A written response from the sponsor, dated March 22, 2019, 
explained that the structure of the ‘Surgical and Medical Procedures’ eCRF had 
incorrect flagging of these records during the programming of four CSR tabular 
summaries and listings. As a result, 272 records from the ADCM dataset were 
inadvertently excluded from Table 14.3-2.2 (Surgical and medical procedures by 
system organ class, preferred term and treatment [Safety Set]) and Listing 16.2.4-1.9 
(Surgical and medical procedures [Safety Set]) and were included instead in Table 
14.3-2.1 (Concomitant medications prior to or after the start of study drug by ATC 
class, preferred term and treatment [Safety Set]) and Listing 16.2.4-1.8 (Prior and 
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concomitant medications [Safety Set]) in the CSR.  However, the sponsor confirmed 
that the electronic datasets provided to the FDA under NDA 212526 are complete and 
contain all available records.

A review of the updated listings (Listing 16.2.4-1.8 [Prior and concomitant 
medications Safety Set] and Listing 16.2.4-1.9 [Surgical and medical procedures 
Safety Set]) found that the missing procedures noted above for Subjects  

 were now included.  The inspectional observations should have 
no impact on overall study outcomes or have placed subjects at undue risk.  

Therefore, the datasets submitted to the application included all procedures as 
reported; however, the BIMO data listings submitted to the application and used to 
support the inspections of clinical sites were incomplete for all clinical sites for Study 
CBYL719C2301 and, as such, the FDA field investigator could not verify that the 
noted surgical procedures were properly reported in the application datasets.  

The inspection revealed no significant deficiencies for this clinical site.  The primary 
efficacy endpoint data, as determined by the clinical investigator, were verifiable with 
the source records maintained at the site.  There was no evidence of under-reporting of 
AEs. 

3. Michelle Melisko, M.D. (Site 5049)

The site screened 16 subjects and enrolled four subjects, plus one subject was 
transferred from another site.  A record review was done for all 5 subjects treated at 
this site.  At the time of this inspection, all five subjects had completed the study.  The 
FDA field investigator assessed study documents maintained by the site, including 
sponsor and IRB correspondences, monitoring visits and site staff training during the 
site initiation visit, signed informed consent forms for all subjects and drug 
accountability records.  Subject source data were compared to the data listings 
submitted to the application; including inclusion/exclusion records, randomization, 
subject visit reports, AE and SAE documentation, tumor response assessments and 
general protocol compliance.  No discrepancies were noted.

The inspection revealed no significant deficiencies.  The primary and secondary 
efficacy endpoint data, as determined by the clinical investigator, were verifiable with 
the source records maintained at the site.  There was no evidence of under-reporting of 
AEs.

4. Gabor Rubovszky, M.D. (Site 2203)

The site screened 25 subjects and enrolled 14 subjects.  A record review was done for 
all enrolled subjects.  Study source documents were compared to data listings 
submitted to the application.  All enrolled subject data were verified for primary 
efficacy endpoint, informed consents, randomization, and investigational product 
administration and compliance.
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The inspection revealed no significant deficiencies.  The primary efficacy endpoint 
data, as determined by the clinical investigator, were verifiable with the source records 
maintained at the site.  There was no evidence of under-reporting of AEs.

5. Dr. Salomon Stemmer, M.D. (Site 2401)

The site screened 18 subjects and enrolled seven subjects.  A record review was done 
for all seven enrolled subjects.  At the time of this inspection two subjects were still on 
study, three subjects had completed the study, and two subjects were in follow-up.  
Documents reviewed during the inspection included ethics committee approvals, 
financial disclosures, training records, monitoring letters, informed consent forms 
(ICFs), subject records, case report forms, and test article accountability records. All 
subject records were reviewed. Subject source documents, including the primary 
efficacy endpoint, concomitant medications, AEs, SAEs, and randomization were 
compared to the data line listings submitted to the application.  

The inspection revealed no significant deficiencies.  However, there were nine AEs 
that occurred prior to the data cut-off date for analysis, June 12, 2018, but were not 
entered into the eCRF system until after June 12, 2018. The AEs missing from the data 
listings submitted to the application are presented below.  

Subject # Adverse Event Start Date

Dizziness 
Weight Loss 
Face Rash 
Migraine 
Diarrhea 
Worsening Hypertension 
Right Leg Pain 
Weight Loss 
Alkaline Phosphatase Increase 

OSI Reviewer Notes: A review of the SDTM AE dataset (ae.xpt), the most recent AE 
dataset submitted to the application, February 15, 2019, found that all AEs listed above 
are now included in the data sets except for Subject  and Subject . It should be 
noted that Subject  had elevated aspartate aminotransferase reported on  

 and elevated alkaline phosphatase reported on .  As of 
February 15, 2019, this site reported a total of 172 AEs for the seven enrolled subjects; 
not including the 2 AEs found to be missing from the datasets.  These subjects were 
medically managed for the AEs noted as missing from the datasets.  The small number 
of missing AEs relative to total number of AEs reported for the study, 8144 AEs, will 
not impact study outcomes.

Except for the late reporting of 9 AEs, there were no other significant deficiencies at 
this site.  The primary efficacy endpoint data, as determined by the clinical investigator, 
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were verifiable with the source records maintained at the site.  There was no evidence 
of under-reporting of AEs.  

{See appended electronic signature page}

Lauren Iacono-Connors, Ph.D.
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE:
{See appended electronic signature page}

Susan Thompson, M.D., Team Leader
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

CONCURRENCE:
{See appended electronic signature page}

Kassa Ayalew, M.D., M.P.H., Branch Chief
Good Clinical Practice Assessment Branch
Division of Clinical Compliance Evaluation
Office of Scientific Investigations

cc:
Central Doc. Rm. NDA #212526
DOP1/Division Director/Julia Beaver
DOP1/Clinical Team Leader/Jennifer Gao
DOP1/Project Manager/Charlene Wheeler
DOP1/Medical Officer/Tatiana Prowell
DOP1/Medical Officer/Preeti Narayan
OSI/Office Director/David Burrow
OSI/DCCE/ Division Director/Ni Khin
OSI/DCCE/Branch Chief/Kassa Ayalew
OSI/DCCE/Team Leader/Susan D. Thompson 
OSI/DCCE/GCP Reviewer/Lauren Iacono-Connors
OSI/ GCP Program Analysts/Joseph Peacock/Yolanda Patague
OSI/Database PM/Dana Walters
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: April 8, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212526

Product Name and Strength: Piqray (alpelisib) tablets, 50 mg, 150 mg, and 200 mg

Applicant/Sponsor Name: Novartis Pharmaceuticals Corporation

FDA Received Date: April 3, 2019

OSE RCM #: 2018-2330-2

DMEPA Safety Evaluator: Tingting Gao, PharmD 

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD

1 PURPOSE OF MEMORANDUM
Division of Oncology Products 1 (DOP1) requested that we review the revised container label 
and carton labeling for Piqray (Appendix A) to determine if it is acceptable from a medication 
error perspective.  The revisions are in response to recommendations that we made during a 
previous label and labeling review.a 

2  CONCLUSION
The revised container label and carton labeling for Piqray are acceptable from a medication 
error perspective.  We have no further recommendations at this time.

a Gao, T. Label and Labeling Review for  (NDA 212526). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 Mar 28. RCM No.: 2018-2330-1.
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MEMORANDUM 
REVIEW OF REVISED LABEL AND LABELING

Division of Medication Error Prevention and Analysis (DMEPA) 
Office of Medication Error Prevention and Risk Management (OMEPRM)

Office of Surveillance and Epidemiology (OSE)
Center for Drug Evaluation and Research (CDER)

Date of This Memorandum: March 28, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212526

Product Name and Strength: Piqray (alpelisib) tablets, 50 mg, 150 mg, and 200 mg

Applicant/Sponsor Name: Novartis Pharmaceuticals Corporation

FDA Received Date: March 6, 2019

OSE RCM #: 2018-2330

DMEPA Safety Evaluator: Tingting Gao, PharmD

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD

1 PURPOSE OF MEMORANDUM
Division of Oncology Products 1 (DOP1) requested that we review the revised container label 
and carton labeling for Piqray (Appendix A) to determine if it is acceptable from a medication 
error perspective.  The revisions are in response to recommendations that we made during a 
previous label and labeling review.a 

2 DISCUSSION
Novartis stated that they intend to use MMM YYYY as the expiration date format instead of the 
previously recommended format (e.g., YYYY-MMM) on the container labels and carton 
labeling.b Since the proposed expiration date format consists of the 3-letter abbreviated 
alphabetical characters for the month (MMM) and the 4-digit year (YYYY), we find this 
proposed expiration date format acceptable from a medication error perspective.

a Gao, T. Label and Labeling Review for Piqray (NDA 212526). Silver Spring (MD): FDA, CDER, OSE, DMEPA (US); 
2019 Feb 26. RCM No.: 2018-2330.
b BYL719 (alpelisib) NDA 212526. Response to FDA Artwork Information Request dated 26 Feb 2019. East Hanover 
(NJ): Novartis Pharmaceuticals Corporation. 2019 Mar 6. Available at 
\\cdsesub1\evsprod\nda212526\0029\m1\us\fda-response.pdf. 
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Novartis implemented most of the recommendations except for the recommendation to revise 
the Usual Dosage statement to “Take two 150 mg tablets once daily with food.” Novartis stated 
that patients should be instructed to take the tablets  rather than 
“with food” to align with the Dosage and Administration section of the proposed US PI, which 
states:b 

We discussed this with the DOP1 Review Team during Labeling Meeting on March 11, 2019. 
Clinical Pharmacology clarified that there is no difference in absorption when alpelisib is taken 
with food or after food. Therefore, the Review Team proposes to instruct patients to “Take two 
150 mg tablets once daily with food” instead of  in the Dosage and 
Administration section of the PI.

3 CONCLUSION
The revised container label and carton labeling for Piqray are unacceptable from a medication 
error perspective.  We provide specific recommendations to Novartis in Section 4 below.  

4 RECOMMENDATIONS FOR NOVARTIS
We recommend the following be implemented prior to approval of this NDA:  

A. Pull Out Blister Cards, Blister Card Sleeves, and Carton labeling, all strengths
1. Revise the Usual Dosage statement  to 

“once daily with food” for consistency with the Dosage and Administration 
section of the PI. 

B. Pull Out Blister Cards, Blister Card Sleeves, and Carton labeling for 200 mg strength
1. Add the frequency “once” to the usual dosage statement (e.g., “once daily”) to 

minimize the risk of confusion and to ensure consistency with the format of 
usual doses across all strengths’ labels and labeling. 
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****Pre-decisional Agency Information**** 

Memorandum
Date: March 21, 2019 

To:  Julia Beaver, M.D., Director  
Division of Oncology Products (DOP1) 

Charlene Wheeler, MSHS, Regulatory Project Manager, DOP1 

William Pierce, PharmD, Associate Director for Labeling, DOP1 

From:   Kevin Wright, PharmD, Regulatory Review Officer 
  Office of Prescription Drug Promotion (OPDP) 

CC: Trung-Hieu (Brian) Tran, PharmD, MBA, Team Leader, OPDP 

Subject: OPDP Labeling Comments for Piqray™ (alpelisib) tablets, for oral use 

NDA:  212526 

In response to DOP1’s consult request dated December 17, 2018, OPDP has reviewed the 
proposed prescribing information (PI), patient package insert (PPI), carton labeling and 
container label for the original NDA submission for Piqray™ (alpelisib) tablets, for oral use 
(Piqray).

OPDP’s comments on the proposed labeling are based on the draft PI and received by 
electronic mail from DOP1 (Charlene Wheeler) on March 12, 2019, and are provided below. 

A combined OPDP and Division of Medical Policy Programs (DMPP) review was completed, 
and comments on the proposed PPI were sent under separate cover on March 21, 2019. 

OPDP has reviewed the attached proposed carton and container labeling submitted by the 
Sponsor to the electronic document room on March 6, 2019, and we do not have any 
comments.

Thank you for your consult.  If you have any questions, please contact Kevin Wright at 
(301) 796-3621 or kevin.wright@fda.hhs.gov. 

FOOD AND DRUG ADMINISTRATION
Center for Drug Evaluation and Research 
Office of Prescription Drug Promotion  
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Department of Health and Human Services
Public Health Service

Food and Drug Administration
Center for Drug Evaluation and Research

Office of Medical Policy 

PATIENT LABELING REVIEW

Date: March 21, 2019

To: Julia Beaver, MD
Director
Division of Oncology Products 1 (DOP 1)

Through: LaShawn Griffiths, MSHS-PH, BSN, RN
Associate Director for Patient Labeling 
Division of Medical Policy Programs (DMPP)

Barbara Fuller, RN, MSN, CWOCN
Team Leader, Patient Labeling 
Division of Medical Policy Programs (DMPP)

From: Ruth Lidoshore, PharmD
Patient Labeling Reviewer
Division of Medical Policy Programs (DMPP)

Kevin Wright, PharmD
Regulatory Review Officer 
Office of Prescription Drug Promotion (OPDP)

Subject: Review of Patient Labeling: Patient Package Insert (PPI)

Drug Name (established 
name):  

PIQRAY (alpelisib)

Dosage Form and Route: tablets, for oral use

Application 
Type/Number: 

NDA 212526

Applicant: Novartis Pharmaceuticals Corporation 
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1 INTRODUCTION

On October 26, 2018, November 9, 2018, November 19, 2018, November 26, 2018, 
November 30, 2018, and December 6, 2018, Novartis Pharmaceuticals Corporation
submitted presubmission material as agreed to with the Agency as a part of the Real-
Time Oncology Review (RTOR) Pilot for New Drug Application (NDA) 212526 for 
PIQRAY (alpelisib) tablets. On December 19, 2018, the Applicant submitted the 
final submission material for NDA 212526 for PIQRAY (alpelisib) tablets indicated
for the treatment of postmenopausal women, and men, with hormone receptor (HR)-
positive, human epidermal growth factor receptor 2 (HER2)-negative, advanced 
breast cancer with a PIK3CA mutation as detected by an FDA-approved test in 
combination with fulvestrant after disease progression following an endocrine-based 
regimen. 

This collaborative review is written by the Division of Medical Policy Programs 
(DMPP) and the Office of Prescription Drug Promotion (OPDP) in response to a 
request by the Division of Oncology Products 1 (DOP 1) on December 17, 2018, for 
DMPP and OPDP to review the Applicant’s proposed Patient Package Insert (PPI) 
for PIQRAY (alpelisib) tablets.

2 MATERIAL REVIEWED

Draft PIQRAY (alpelisib) tablets PPI received on December 19, 2018, revised by 
the Review Division throughout the review cycle, and received by DMPP and 
OPDP on March 12, 2019.

Draft PIQRAY (alpelisib) tablets Prescribing Information (PI) received on
December 19, 2018, revised by the Review Division throughout the review cycle,
and received by DMPP and OPDP on March 12, 2019.

3 REVIEW METHODS

To enhance patient comprehension, materials should be written at a 6th to 8th grade 
reading level, and have a reading ease score of at least 60%. A reading ease score of 
60% corresponds to an 8th grade reading level. 

Additionally, in 2008 the American Society of Consultant Pharmacists Foundation 
(ASCP) in collaboration with the American Foundation for the Blind (AFB)
published Guidelines for Prescription Labeling and Consumer Medication 
Information for People with Vision Loss. The ASCP and AFB recommended using 
fonts such as Verdana, Arial or APHont to make medical information more 
accessible for patients with vision loss. We reformatted the PPI document using the 
Arial font, size 10.

In our collaborative review of the PPI we:

simplified wording and clarified concepts where possible

ensured that the PPI is consistent with the Prescribing Information (PI) 

removed unnecessary or redundant information
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ensured that the PPI is free of promotional language or suggested revisions to 
ensure that it is free of promotional language

ensured that the PPI meets the criteria as specified in FDA’s Guidance for 
Useful Written Consumer Medication Information (published July 2006)

4 CONCLUSIONS

The PPI is acceptable with our recommended changes.

5 RECOMMENDATIONS

Please send these comments to the Applicant and copy DMPP and OPDP on the 
correspondence.

Our collaborative review of the PPI is appended to this memorandum.  Consult 
DMPP and OPDP regarding any additional revisions made to the PI to determine 
if corresponding revisions need to be made to the PPI.

Please let us know if you have any questions. 
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Interdisciplinary Review Team for QT Studies Consultation Review
Submission NDA 212526
Submission Number 007
Submission Date 12/19/2018
Date Consult Received 12/21/2018
Clinical Division DOP1

Note: Any text in the review with a light background should be inferred as copied from 
the sponsor’s document.

This review responds to your consult regarding the sponsor’s QT evaluation. The QT-
IRT reviewed the following materials:

• IRT previous review under IND 119183 dated 12/01/2015 in DARRTS; 
• Study CBYL719X2101 study reports (Submission 0006);
• Proposed label (Submission 0006);
• Highlights of clinical pharmacology and cardiac safety (Submission 007).

1 SUMMARY

The effect of alpelisib was evaluated in Study CBYL719X2101, a Phase I dose escalation 
and dose expansion study in cancer patients which evaluated doses up to 450 mg once 
daily (QD) and 200 mg twice daily (BID). The dose groups with the largest sample sizes 
(400 mg QD with or without fulvestrant) were used to characterize the effects on QTc 
interval. These treatment groups cover the therapeutic exposures when dosing with the 
proposed clinical dose, 300 mg QD. There was no placebo or positive control in the 
study. 

The data from the 400 mg QD arms in Study CBYL719X2101 was analyzed using 
central tendency as the primary analysis, which did not suggest that alpelisib is associated 
with large mean increases in the QTc interval up to Cycle 3 Day 1 (Table 1). The mean 
effect in Cycles 4 and 5 was comparable to that observed in Cycle 1 Day 8 and Cycle 2 
Day 1. Large variability was observed from Cycles 4 and 5, which could be due to the 
high dropout rate and small sample size after 3 treatment cycles (Refer to section 4.3). 
The findings of this analysis are further supported by categorical analysis (section 4.4) 
and exposure-response analysis (section 4.5). 

Table 1:  The Point Estimates and the 90% CIs on ∆QTcF for Up to Cycle 3
 (FDA Analysis)

ECG 
parameter

Dose Regimen Time ∆QTcF 
(ms)

90% CI 
(ms)

QTc Alpelisib 400 mg QD C1D8- 8 hour post-dose 12.4 (7.4, 17.4)

QTc Alpelisib 400 mg QD + Fulvestrant C1D8- 2 hour post-dose 8.4 (4.8, 11.9)

Clinical ECG data appears to suggest the presence of a sustained, delayed effect on QTc 
interval. The presence of delayed effect may confound the prediction of ΔQTc at the 300 
mg QD dose level using concentration-QTc analysis. However, drug effect at the 300 mg 
QD dose level is not expected to be higher than what was observed at the 400 mg QD 
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dose levels. A large mean effect can be excluded at the therapeutic dose level in this QT 
assessment.

1.1 RESPONSES TO QUESTIONS POSED BY SPONSOR

Not applicable.

1.2 COMMENTS TO THE REVIEW DIVISION 

Not applicable 

2 PROPOSED LABEL
Below are proposed edits to the label submitted to Submission 0006 from the QT-IRT. 
Our changes are highlighted (addition, deletion). Please note, that this is a suggestion 
only and that we defer final labeling decisions to the Division.

12.2 Pharmacodynamics

Cardiac Electrophysiology

Serial ECGs were collected following a single dose and at steady-state to 
evaluate the effect of alpelisib on the QTcF interval in patients with advanced cancer. 

 
An analysis of clinical ECG 

data demonstrates the absence of large effect (i.e. >20 ms) on  
QTcF prolongation at the recommended 300 mg dose with or without fulvestrant.  

 
 

Reviewer’s comment: 

Other than the predose baseline, one single ECG was collected during the study. 

The pharmacokinetic-pharmacodynamic analysis could be confounded by the presence 
of delayed effect on QTc interval. We propose to report the overall conclusion based 
on central tendency analysis, categorical analysis, and concentration-QT analysis.

Study CBYL719X2101 does not include a placebo arm, therefore, it cannot be used to 
exclude small effect at the therapeutic dose level.

3 SPONSOR’S SUBMISSION

3.1 OVERVIEW

Alpelisib (BYL719) is an oral α-specific class I phosphatidylinositol-3-kinase (PI3K) 
inhibitor indicated for the treatment of postmenopausal women, and men, with hormone 
receptor-positive, human epidermal growth factor receptor 2-negative, advanced breast 
cancer with a PIK3CA mutation after disease progression following an endocrine-based 
regimen. The proposed dosing regimen is 300 mg QD with fulvestrant.
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Previously the QT-IRT reviewed CBYL719X2101 study design and concluded that the 
study might be sufficient to rule out large QT prolongation (i.e., >20 ms) for alpelisib at 
300 mg QD dose level (QT-IRT review, IND 119183 dated 12/01/2015 in DARRTS). 

Study CBYL719X2101is a Phase I dose escalation and dose expansion study in cancer 
patients. The study does not include placebo treatments. Alpelisib was studied with once 
daily or twice daily doses, as a single agent or in combination with fulvestrant. 

As of the data cut-off of 22-Mar-2017, 134 subjects had been enrolled. This includes 108 
subjects in the QD. dosing regimen (1 subject in 30 mg, 3 in 60 mg, 6 in 90 mg, 6 in 180 
mg, 4 in 270 mg, 8 in 300 mg, 6 in 350 mg, 65 in 400 mg, 9 in 450 mg) and 26 subjects 
in the BID regimen (5 in 120 mg, 15 in 150 mg, and 6 in 200 mg). A total of 87 breast 
cancer subjects were enrolled at 3 different dose levels into the alpelisib plus fulvestrant 
combination cohort (9 in 300 mg, 8 in 350 mg, and 70 in 400 mg).

In all the treatment arms, 12-lead ECGs were performed at the following time points with 
time-matched PK samples:

• Screening
• Day 1 of Cycle 1: pre-dose (3 times), 1, 2, 4, 8, and 24 h postdose
• Day 8 of Cycle 1: pre-dose, 1, 2, 4, 8, and 24 h postdose 
• Day 15 and Day 22 of Cycle 1: pre-dose
• Day 1 of Cycle 2: pre-dose, 1, 2, 4, 8, and 24 h postdose 
• Day 1 of Cycle 3 and of each subsequent cycle: pre-dose
• End of study treatment

Blood for the full pharmacokinetic profiling of alpelisib was collected on Day 1, Day 8 of 
Cycle 1 and Day 1 of Cycle 2 at the following time points:

• Pre-dose, 0.5, 1, 1.5, 2, 3, 4, 6, 8, and 24 h post-dose in the QD arms.
• Pre-morning dose, 0.5, 1, 1.5, 2, 3, 4, 6, pre-evening dose (10 h post morning dose), 

pre-morning dose in the BID arm.

All ECGs (except for the Screening ECG) were independently reviewed by a central 
laboratory. The sponsor used QTcF and QTcP as the primary endpoint. 

Overall, the median duration of exposure to alpelisib single agent treatment was 11.9 
weeks. Only 27 out of 65 patients in the 400 mg QD treatment arm were exposed to 
alpelisib for more than 12 weeks. The median duration of exposure in the combination 
treatment arms was 15.9 weeks. 33 out of 70 patients in the 400 mg + fulvestrant 
treatment arm had a duration of treatment longer than 16 weeks. 

3.2 SPONSOR’S RESULTS

3.2.1 Central tendency analysis
Sponsor’s presented the summary statistics of the central tendency analysis by visit in 
QTcF and QTcP. It includes n, mean, median, sd, minimum and maximum, but no 
confident intervals.  This reviewer used the central tendency by cycle, day and time at 
doses of 400 mg QD with or without fulvestrant.  See Section 4.3 for additional details.
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3.2.1.1 Assay Sensitivity
Not applicable. The goal of the QT assessment is to exclude large effect.

3.2.1.1.1 QT bias assessment
Not applicable.

3.2.2 Categorical Analysis
Our categorical analyses concurred with the sponsor’s conclusion: 1 subject’s QTcF 
value >500 ms and 2 subject’s ΔQTcF >60 ms.  See Section 4.4 for the details. 

3.2.3 Safety Analysis

3.2.3.1 BYL719 single agent
Of the 134 patients in the Safety set, 15 deaths were reported as of the cut-off date of 22-
Mar-2017.  Of the 15 deaths, 13 patients (9.7%) died while on-treatment (defined as up to 
28 days after the end of treatment) with BYL719. Of these 13 deaths:

• two (25.0%) deaths in the 300-mg group were attributed to breast cancer
• nine deaths (13.8%) in the 400-mg MTD group were attributed to progressive disease 

(one death each for breast cancer, metastatic breast cancer, colon cancer, malignant 
neoplasm, ovarian cancer; four deaths for squamous cell carcinoma

• one death (6.7%) in the 150 mg twice-daily group was attributed to malignant 
neoplasm of the lung

• one death (12.5%) while on treatment was attributed to hypoxia due to underlying 
disease which was not suspected to be related to study drug by the Investigator

Reviewer’s Comment:  Two (1.5%) patients had serious AEs of syncope. None of the 
patients had torsade de pointes, other serious cardiac arrhythmias.

One subject  who received 450 mg of alpelisib QD experienced a 
QT prolongation >500 ms on several occasions. No QTcF value exceeded the 500 ms 
threshold.  No QTcF value exceeded the 500 ms threshold. The only concomitant 
medication with known QT effect was levofloxacin, which was given after 6 cycles for 
prophylaxis of infection. The QT prolongations were recorded before this medication was 
started. Of note, only the uncorrected QT was > 500 ms while QTcF and QTcB were well 
below 500. The subject’s pre-existing bradycardia with HR< 50 bpm likely contributed to 
these intermittent QT findings > 500.

Two subjects experienced a prolongation of QTcF >60 ms increase from baseline in the 
single agent alpelisib 400 mg QD cohort.

• Subject  had a QTcF increase of 67 ms compared to baseline on 
Cycle 3 Day 1 (pre-dose), with an absolute QTcF value of 456 ms. This subject had 
no cardiac-related medical history or cardiac adverse events reported during the 
study.

• Subject  had a QTcF increase of 111 ms compared to baseline on 
Cycle 1 Day 8 (8 h post-dose), with an absolute QTcF value of 500 ms. The QTcF of 
500 ms was an isolated event as the other QTcF values on Cycle 1 Day 8 (4 h and 24 
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h post-dose) were normal. A second increase of >60 ms as compared to baseline was 
observed on Cycle 4 Day 1 (pre-dose) with a QTcF value that was 488 ms (99 ms 
increase as compared to baseline). This subject had hypertension, hyperlipidemia, 
pulmonary embolism, bradycardia, paroxysmal atrial fibrillation reported in medical 
history and were ongoing. Worsening hypertension was the only cardiac-related 
adverse event reported for this subject. The grade 3 hypertension on Cycle 1 Day 1 
was managed by the administration of captopril for 1 day and improved to grade 2 on 
Cycle 2 Day 2. The subject received ondansetron from Cycle 1 Day 18 to Day 117, 
and metoclopramide as antiemetic. Ondansetron was subsequently discontinued. The 
subject also received levofloxacin for pneumonia for 2 weeks (between Cycle 3 Day 
1 to Day 82).

In the single agent 150 mg BID cohort, two out of 25 subjects experienced a QT 
prolongation.

• Subject  had QT value of more than 500 ms on Cycle 1 Day 9 (1 
hour post-dose). This subject had hypertension and aortic valve stenosis in their 
current medical history. No cardiac-related AEs were reported during the study.

• Subject  commenced study medication on  at a dose 
of 150 mg BID, with a baseline QTcF of 448 ms, and experienced a QT and QTcF 
prolongation of >500 ms and an increase in QTcF value > 60 ms increase from 
baseline on Cycle 1 Day 2 (24 h post-dose) which was ultimately attributed to a 
concomitant medication with a known risk of QT prolongation. The maximum QTcF 
value on Cycle 1 Day 2 was 553 ms. Subsequently, six unscheduled ECG 
assessments were performed over the next 7 hours with another assessment at 24 h 
(Cycle 1 Day 3). All of these ECGs showed a QTcF value of more than 500 ms. 
Alpelisib was discontinued after the first doses on  (the subject received 
both the morning and evening doses). Only QT prolongation was reported as an AE. 
The ECG assessments showed ventricular premature complexes and QT prolongation 
on several occasions, but no clinical arrhythmias were recorded and the subject did 
not have Torsades de pointes. The subject also received citalopram for depression for 
several months before study, which was only discontinued on Cycle 1 Day 1.
Subsequent echocardiogram and ECG stress tests were performed which were all 
within normal limits. On , echocardiography was negative for signs of 
ischemia and the LV (left ventricular) contractile function was normal (left 
ventricular ejection fraction –69%). Myocardial perfusion images were normal, 
without evidence of ischemia or infarction. The subject was treated with Aspirin. 
Treatment with study medication was temporarily interrupted due to the event. On 

 the subject’s condition was completely resolved and the dose of 
Wellbutrin had been decreased to the previous dose (prior to ). On 

, the subject re-started the study medication and received the last dose on 
Day 299. 
The event was considered serious (medically significant) by the investigator. The 
investigator did not suspect any relationship between the event and the study 
medication, but suspected to concomitant medication Wellbutrin. The investigator 
stated that the increased dose of Wellbutrin caused the prolongation of QTcF interval.
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3.2.3.2 BYL719 + fulvestrant combination
Of the 87 patients in the Safety set, 5 deaths were reported as of the cut-off date of 22-
Mar-2017. No deaths were reported in either the 300-mg or 350-mg combination 
treatment groups.  Of the 5 deaths, all died while on-treatment with BYL719 400 mg 
which was the MTD dose (defined as up to 28 days after the end of treatment). Of these 5 
deaths, four were progressions of underlying disease:

• one (1.4%) death was attributed to an unknown cause
• three (4.3%) deaths were attributed to breast cancer
• one (1.4%) deaths were attributed to metastatic breast cancer

One patient died from an unknown cause, 9 days after a CT scan revealed progressive 
disease.

Reviewer’s comment:  None of the patients had syncope SAEs, torsade de pointes, other 
serious cardiac arrhythmias.

Two out of 86 subjects experienced a QT value of more than 500 ms; both of these 
subjects received alpelisib 400 mg QD in combination with fulvestrant. In the other dose 
levels, one subject that received 300 mg QD and one that received 350 mg QD had a >60 
ms increase compared to baseline in their QT or QTcF values.  With regard to the 2 
subjects in the alpelisib 400 mg + fulvestrant cohort:

• Subject  had QT values more than 500 ms on Cycle 1 Day 1 (2 h 
postdose) and on Cycle 1 Day 8 (1 hour and 2 h post-dose). This subject had sinus 
bradycardia, hypothyroidism and anxiety reported in the medical history. No cardiac 
related adverse events were reported.

• Subject  experienced a QT prolongation >500 ms on Cycle 1 Day 
8 (1 hour post-dose). This subject had Hashimoto’s Disease reported in the medical 
history. No cardiac-related adverse events were reported.

3.2.4 Exposure-Response Analysis
The sponsor used mixed effects models to model ΔQTcP and ΔQTcF versus time-
matched alpelisib concentration, with subject as a random effect and fulvestrant 
combination (no for single agent, yes for combination cohort) as a fixed effect on the 
intercept and slope. The predicted ΔQTc was less than 20 ms at the predicted Cmax,ss of 
alpelisib at the 300 mg QD dose level, with or without fulvestrant. 

The reviewer analyzed data from the single agent treatment arms for the primary analysis 
and used QTcF as the primary endpoint. The results of the reviewer’s analysis are similar 
to the sponsor’s results on QTcF. Please see section 4.5 for additional details.

4 REVIEWERS’ ASSESSMENT

4.1 EVALUATION OF THE QT/RR CORRECTION METHOD

The reviewer used QTcF for the primary analysis as no significant increases or decreases 
in heart rate (i.e. mean < 0 bpm) were observed (see Sections 4.3.2).
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4.2 ECG ASSESSMENTS

4.2.1 Overall
Waveforms from the ECG warehouse were reviewed.  Overall ECG acquisition and 
interpretation in this study appears acceptable.

4.2.2 QT bias assessment
Not applicable.

4.3 CENTRAL TENDENCY ANALYSIS

This reviewer used the full analysis dataset from both the monotherapy and combination 
treatment groups and performed the central tendency analysis using descriptive statistics 
(mean (90% CI)) by cycle and time for doses at 400 mg and 400 mg + Fulvestrant 
groups. Visit include Cycles 1 to 5 and times up to 24 hour post-dose (not include 
unscheduled visit).

4.3.1 QTc

Table 2 and Figure 1 display the time profile (by visit and time) of ΔQTcF dosed at 400 
mg and 400 mg + Fulvestrant groups, respectively.  Using central tendency analysis, no 
large QTc prolongation effect (i.e., >20 ms) was detected for alpelisib up to Cycle 3 Day 
1, however, large QTc prolongation effect was observed in Cycles 4 and 5 for alpelisib 
400 mg QD in MTD group (see Table 2).  More than 50% subjects dropped at Cycles 4 
and 5. This leads to a large variability at these two cycles as seen in Table 2 even though 
similar mean effects as C1D8 and C2D1 were observed at Cycles 4 and 5.

Table 2: Analysis Results of ΔQTcF for Alpelisib 400 mg with or without  
Fulvestrant groups by Cycle, Day and Time

Treatment Group
Visit 

(Cycle, Day and Time) N Mean Std
90% CI for 

Mean
C1D1-1h 62 -3.6 14.0 (-6.6, -0.6)
C1D1-24h 62 6.7 14.8 (3.5, 9.8)
C1D1-2h 62 4.1 12.4 (1.4, 6.7)
C1D1-4h 63 2.1 14.4 (-0.9, 5.2)
C1D1-8h 64 3.9 12.2 (1.3, 6.4)
C1D15-0h 54 7.7 17.2 (3.8, 11.6)
C1D22-0h 53 6.5 15.5 (3.0, 10.1)
C1D8-0h 57 7.5 12.8 (4.7, 10.3)
C1D8-1h 52 9.6 16.4 (5.8, 13.4)
C1D8-24h 51 6.5 15.1 (3.0, 10.1)
C1D8-2h 54 10.1 15.0 (6.7, 13.5)
C1D8-4h 54 9.5 15.4 (6.0, 13.1)
C1D8-8h 52 12.4 21.7 (7.4, 17.4)
C2D1-0h 50 8.6 14.9 (5.1, 12.1)
C2D1-1h 48 6.8 16.1 (2.9, 10.7)
C2D1-24h 50 8.4 16.7 (4.4, 12.3)
C2D1-2h 48 10.0 14.9 (6.4, 13.6)

ALPELISIB 400MG QD MTD

C2D1-4h 47 11.5 14.5 (8.0, 15.1)
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Treatment Group
Visit 

(Cycle, Day and Time) N Mean Std
90% CI for 

Mean
C2D1-8h 47 9.8 15.1 (6.1, 13.5)
C3D1-0h 33 10.2 18.1 (4.9, 15.6)
C4D1-0h 26 13.2 26.8 (4.3, 22.2)
C5D1-0h 17 11.9 22.5 (2.4, 21.5)
C1D1-1h 67 -2.8 13.3 (-5.5, -0.1)
C1D1-24h 67 1.9 14.5 (-1.0, 4.9)
C1D1-2h 68 -1.0 13.7 (-3.7, 1.8)
C1D1-4h 67 -3.1 13.1 (-5.8, -0.4)
C1D1-8h 67 -4.2 11.8 (-6.6, -1.8)
C1D15-0h 60 -0.2 18.6 (-4.2, 3.8)
C1D22-0h 54 -2.2 16.5 (-6.0, 1.5)
C1D8-0h 66 1.9 16.9 (-1.6, 5.4)
C1D8-1h 60 6.4 18.8 (2.3, 10.4)
C1D8-24h 59 0.5 17.6 (-3.3, 4.3)
C1D8-2h 61 8.4 16.6 (4.8, 11.9)
C1D8-4h 59 5.6 16.3 (2.0, 9.1)
C1D8-8h 56 5.0 18.1 (0.9, 9.0)
C2D1-0h 60 -2.0 17.9 (-5.9, 1.9)
C2D1-1h 57 1.3 17.3 (-2.5, 5.2)
C2D1-24h 53 -3.3 14.8 (-6.7, 0.1)
C2D1-2h 54 4.3 17.5 (0.2, 8.3)
C2D1-4h 58 2.1 19.5 (-2.3, 6.4)
C2D1-8h 55 -0.9 15.6 (-4.4, 2.7)
C3D1-0h 43 2.9 16.6 (-1.4, 7.1)
C4D1-0h 35 2.4 18.2 (-2.8, 7.6)

ALPELISIB 400MG QD + 
FULVESTRANT

C5D1-0h 28 0.8 21.2 (-6.0, 7.6)

The following figures display the time profile of ΔQTcF for different dose groups.
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Figure 1: Mean and 90% CI ΔQTcF Time Course (unadjusted CIs)

4.3.1.1 Assay sensitivity
Not applicable.

4.3.2 HR
            Figure 2 displays the time profile ΔHR for 400 mg and 400 mg + Fulvestrant 
groups. Using central tendency analysis, the largest upper limits of 90% CI mean change 
from baselines in HR were 9.8 bpm (C5D1-0h) and 6.4 bpm (C5D1-0h) for 400 mg and 
400 mg + Fulvestrant, respectively.
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            Figure 2: Mean and 90% CI ΔHR Time Course

4.3.3 PR
Figure 3 displays the time profile ΔPR for 400 mg and 400 mg + Fulvestrant groups. 
Using central tendency analysis, the largest upper limits of 90% CI mean change from 
baselines in PR were 5.7 ms (C1D1-4h) and 5.9 ms (C1D8-2h) for 400 mg and 400 mg + 
Fulvestrant, respectively. 

Figure 3: Mean and 90% CI ΔPR Time Course
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4.3.4 QRS
Figure 4 displays the time profile ΔQRS for 400 mg and 400 mg + Fulvestrant groups. 
Using central tendency analysis, the largest upper limits of 90% CI mean change from 
baselines in QRS were 7.5 ms (C4D1-0h) and 2.4 ms (C4D1-0h) for 400 mg and 400 mg 
+ Fulvestrant groups, respectively.

Figure 4: Mean and 90% CI ΔQRS Time Course

4.4 CATEGORICAL ANALYSIS

The reviewer used the full analysis dataset to perform categorical analysis by dosing 
regimens (QD vs BID) and by monotherapy and combination cohort. Doses at 30 mg to 
350 mg QD were grouped into one dose group.

4.4.1 QTc
Table 3 and Table 4Error! Reference source not found. list the number of subjects as 
well as the number of observations whose QTcF values are ≤ 450 ms, between 450 ms 
and 480 ms, between 480 ms and 500 ms and >500 ms. One subject’s QTcF was >500 ms 
at 150 mg BID at Cycle 1, Day 1, 24-h post dose (baseline 448 ms). 

Table 3: Categorical Analysis for QTcF - Dosing Regimen (BID vs QD)
Total

N Value<=450 ms
450

ms<Value<=480
ms

480
ms<Value<=500

ms
Value>500 ms

Cohort
Regimen

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

120 mg 5 115 5 (100%) 115 
(100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 

(0.0%)
0 

(0.0%)
0 

(0.0%)
BID

150 mg 14 322 8 
(57.1%)

236 
(73.3%)

3 
(21.4%)

60 
(18.6%)

2 
(14.3%)

18 
(5.6%)

1 
(7.1%)

8 
(2.5%)
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Total
N Value<=450 ms

450
ms<Value<=480

ms

480
ms<Value<=500

ms
Value>500 ms

Cohort
Regimen

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

200 mg 6 94 3 
(50.0%)

88 
(93.6%)

3 
(50.0%) 6 (6.4%) 0 (0.0%) 0 

(0.0%)
0 

(0.0%)
0 

(0.0%)

*30 to 350 mg 32 697 25 
(78.1%)

626 
(89.8%)

4 
(12.5%)

66 
(9.5%) 3 (9.4%) 5 

(0.7%)
0 

(0.0%)
0 

(0.0%)

400 mg MTD 65 1258 46 
(70.8%)

1178 
(93.6%)

17 
(26.2%)

77 
(6.1%) 2 (3.1%) 3 

(0.2%)
0 

(0.0%)
0 

(0.0%)

450 mg 9 177 4 
(44.4%)

136 
(76.8%)

4 
(44.4%)

39 
(22.0%)

1 
(11.1%)

2 
(1.1%)

0 
(0.0%)

0 
(0.0%)

300 mg + 
FULVESTRANT 9 231 7 

(77.8%)
228 

(98.7%)
2 

(22.2%) 3 (1.3%) 0 (0.0%) 0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

350 mg + 
FULVESTRANT 8 202 3 

(37.5%)
188 

(93.1%)
5 

(62.5%)
14 

(6.9%) 0 (0.0%) 0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

QD

400 mg + 
FULVESTRANT 69 1517 42 

(60.9%)
1355 

(89.3%)
25 

(36.2%)
153 

(10.1%) 2 (2.9%) 9 
(0.6%)

0 
(0.0%)

0 
(0.0%)

Table 4: Categorical Analysis for QTcF - Monotherapy vs Combination Cohort
Total

N
Value<=450

ms

450
ms<Value<=480

ms

480
ms<Value<=500

ms
Value>500

Cohort Regimen #
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

*30 to 350 mg QD 32 697 25 
(78.1%)

626 
(89.8%)

4 
(12.5%)

66 
(9.5%)

3 
(9.4%)

5 
(0.7%)

0 
(0.0%)

0 
(0.0%)

400 mg QD 65 1258 46 
(70.8%)

1178 
(93.6%)

17 
(26.2%)

77 
(6.1%)

2 
(3.1%)

3 
(0.2%)

0 
(0.0%)

0 
(0.0%)

450 mg QD 9 177 4 
(44.4%)

136 
(76.8%)

4 
(44.4%)

39 
(22.0%)

1 
(11.1%)

2 
(1.1%)

0 
(0.0%)

0 
(0.0%)

120 mg BID 5 115 5 
(100%)

115 
(100%) 0 (0.0%) 0 (0.0%) 0 

(0.0%)
0 

(0.0%)
0 

(0.0%)
0 

(0.0%)

150 mg BID 14 322 8 
(57.1%)

236 
(73.3%)

3 
(21.4%)

60 
(18.6%)

2 
(14.3%)

18 
(5.6%)

1 
(7.1%)

8 
(2.5%)

Monotherapy

200 mg BID 6 94 3 
(50.0%)

88 
(93.6%)

3 
(50.0%) 6 (6.4%) 0 

(0.0%)
0 

(0.0%)
0 

(0.0%)
0 

(0.0%)

300 mg + 
FULVESTRANT 9 231 7 

(77.8%)
228 

(98.7%)
2 

(22.2%) 3 (1.3%) 0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

0 
(0.0%)

350 mg + 
FULVESTRANT 8 202 3 

(37.5%)
188 

(93.1%)
5 

(62.5%)
14 

(6.9%)
0 

(0.0%)
0 

(0.0%)
0 

(0.0%)
0 

(0.0%)Combination

400 mg + 
FULVESTRANT 69 1517 42 

(60.9%)
1355 

(89.3%)
25 

(36.2%)
153 

(10.1%)
2 

(2.9%)
9 

(0.6%)
0 

(0.0%)
0 

(0.0%)

Table 5 and Table 6Error! Reference source not found. list the categorical analysis 
results for ΔQTcF. Two subject’s change from baseline were above 60 ms; 1 subject at 
150 mg BID (baseline 448 ms, increase to 526 ms at C1D1-24 hr) and 1 subject at 400 
mg QD MTD (baseline 389 ms, increase to 456 ms at C3D1-0 hr).  
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Table 5: Categorical Analysis of ΔQTcF -  Dosing Regimen (BID vs QD)
Total

N Value<=30 ms 30 ms<Value<=60 ms Value>60 msCohort Regimen

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

#
Subj

#
Obs

BID 120 mg 5 102 4 (80.0%) 99 (97.1%) 1 (20.0%) 3 (2.9%) 0 (0.0%) 0 (0.0%)

150 mg 14 284 7 (50.0%) 265 (93.3%) 6 (42.9%) 18 (6.3%) 1 (7.1%) 1 (0.4%)

200 mg 6 89 4 (66.7%) 86 (96.6%) 2 (33.3%) 3 (3.4%) 0 (0.0%) 0 (0.0%)

QD *30 to 350 mg 32 648 22 (68.8%) 624 (96.3%) 10 (31.3%) 24 (3.7%) 0 (0.0%) 0 (0.0%)

400 mg MTD 65 1173 42 (64.6%) 1089 (92.8%) 22 (33.8%) 83 (7.1%) 1 (1.5%) 1 (0.1%)

450 mg 9 172 6 (66.7%) 163 (94.8%) 3 (33.3%) 9 (5.2%) 0 (0.0%) 0 (0.0%)

300 mg + 
FULVESTRANT

9 223 4 (44.4%) 209 (93.7%) 5 (55.6%) 14 (6.3%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 6 (75.0%) 191 (99.0%) 2 (25.0%) 2 (1.0%) 0 (0.0%) 0 (0.0%)

400 mg + 
FULVESTRANT

69 1391 48 (69.6%) 1334 (95.9%) 21 (30.4%) 57 (4.1%) 0 (0.0%) 0 (0.0%)

Table 6: Categorical Analysis of ΔQTcF - Monotherapy vs Combination Cohort
Total

N Value<=30 ms 30 ms<Value<=60 ms Value>60 ms

Cohort Regimen
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs

*30 to 350 mg QD 32 648 22 (68.8%) 624 (96.3%) 10 (31.3%) 24 (3.7%) 0 (0.0%) 0 (0.0%)

400 mg QD 65 1173 42 (64.6%) 1089 (92.8%) 22 (33.8%) 83 (7.1%) 1 (1.5%) 1 (0.1%)

450 mg QD 9 172 6 (66.7%) 163 (94.8%) 3 (33.3%) 9 (5.2%) 0 (0.0%) 0 (0.0%)

120 mg BID 5 102 4 (80.0%) 99 (97.1%) 1 (20.0%) 3 (2.9%) 0 (0.0%) 0 (0.0%)

150 mg BID 14 284 7 (50.0%) 265 (93.3%) 6 (42.9%) 18 (6.3%) 1 (7.1%) 1 (0.4%)

Monotherapy 200 mg BID 6 89 4 (66.7%) 86 (96.6%) 2 (33.3%) 3 (3.4%) 0 (0.0%) 0 (0.0%)

300 mg + 
FULVESTRANT

9 223 4 (44.4%) 209 (93.7%) 5 (55.6%) 14 (6.3%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 6 (75.0%) 191 (99.0%) 2 (25.0%) 2 (1.0%) 0 (0.0%) 0 (0.0%)

Combination

400 mg + 
FULVESTRANT

69 1391 48 (69.6%) 1334 (95.9%) 21 (30.4%) 57 (4.1%) 0 (0.0%) 0 (0.0%)

* Dose at 30 mg to 350 mg group into one dose group.

4.4.2 PR

The outlier analysis results for PR are presented in Table 7 and Table 8. Ten subjects 
experienced PR>220 ms (1 in 120 mg BID, 2 in 30 - 350 mg, 4 in 400 mg and 3 400 mg 
+ Fulvestrant groups). Three subjects had baseline PR>220 ms (2 in 400 mg and 1 in 400 
mg + Fulvestrant groups).
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Table 7: Categorical Analysis for PR – Dosing Regimen (BID vs QD)
Total

N Value<200 ms 200<=PR<220 ms PR>220 ms

Cohort Regimen
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs

BID 120 mg 5 102 4 (80.0%) 92 (90.2%) 0 (0.0%) 7 (6.9%) 1 (20.0%) 3 (2.9%)

150 mg 14 284 13 (92.9%) 275 (96.8%) 1 (7.1%) 9 (3.2%) 0 (0.0%) 0 (0.0%)

200 mg 6 89 6 (100%) 89 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

QD *30 to 350 mg 32 648 29 (90.6%) 611 (94.3%) 1 (3.1%) 30 (4.6%) 2 (6.3%) 7 (1.1%)

400 mg MTD 65 1173 56 (86.2%) 1112 (94.8%) 5 (7.7%) 33 (2.8%) 4 (6.2%) 28 (2.4%)

450 mg 9 172 9 (100%) 172 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

300 mg + 
FULVESTRANT

9 223 9 (100%) 223 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 8 (100%) 193 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

400 mg + 
FULVESTRANT

69 1391 61 (88.4%) 1338 (96.2%) 5 (7.2%) 30 (2.2%) 3 (4.3%) 23 (1.7%)

Table 8: Categorical Analysis for PR – Monotherapy vs Combination Cohort
Total

N Value<=200 ms 200<=PR >220 ms PR >220 ms

Cohort Regimen
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs

*30 to 350 mg QD 32 648 29 (90.6%) 611 (94.3%) 1 (3.1%) 30 (4.6%) 2 (6.3%) 7 (1.1%)

400 mg QD 65 1173 56 (86.2%) 1112 (94.8%) 5 (7.7%) 33 (2.8%) 4 (6.2%) 28 (2.4%)

450 mg QD 9 172 9 (100%) 172 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

120 mg BID 5 102 4 (80.0%) 92 (90.2%) 0 (0.0%) 7 (6.9%) 1 (20.0%) 3 (2.9%)

150 mg BID 14 284 13 (92.9%) 275 (96.8%) 1 (7.1%) 9 (3.2%) 0 (0.0%) 0 (0.0%)

Monotherapy

200 mg BID 6 89 6 (100%) 89 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

300 mg + 
FULVESTRANT

9 223 9 (100%) 223 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 8 (100%) 193 (100%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%)

Combination

400 mg + 
FULVESTRANT

69 1391 61 (88.4%) 1338 (96.2%) 5 (7.2%) 30 (2.2%) 3 (4.3%) 23 (1.7%)

* Dose at 30 mg to 350 mg group into one dose group.

4.4.3 QRS

The outlier analysis results for QRS are presented in Table 9 and Table 10.  Eight 
subjects experienced QRS>110 ms (2 in 150 mg BID, 1 in 30-350 mg, 3 in 400 mg and 2 
in 400 mg + Fulvestrant groups). Three subjects had baseline QRS>110 ms in each of 
150 mg BID, 400 mg and 400 mg + Fulvestrant groups.
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Table 9: Categorical Analysis for QRS - Dosing Regimen (BID vs QD)
Total

N Value<=100 ms 100 ms<Value<=110 ms Value>110 ms

Cohort Regimen
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs
#

Subj
#

Obs

BID 120 mg 5 102 2 (40.0%) 96 (94.1%) 3 (60.0%) 6 (5.9%) 0 (0.0%) 0 (0.0%)

150 mg 14 284 8 (57.1%) 242 (85.2%) 4 (28.6%) 26 (9.2%) 2 (14.3%) 16 (5.6%)

200 mg 6 89 5 (83.3%) 84 (94.4%) 1 (16.7%) 5 (5.6%) 0 (0.0%) 0 (0.0%)

QD *30 to 350 mg 32 648 20 (62.5%) 591 (91.2%) 11 (34.4%) 56 (8.6%) 1 (3.1%) 1 (0.2%)

400 mg MTD 65 1173 31 (47.7%) 1039 (88.6%) 31 (47.7%) 112 (9.5%) 3 (4.6%) 22 (1.9%)

450 mg 9 172 5 (55.6%) 164 (95.3%) 4 (44.4%) 8 (4.7%) 0 (0.0%) 0 (0.0%)

300 mg + 
FULVESTRANT

9 223 5 (55.6%) 210 (94.2%) 4 (44.4%) 13 (5.8%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 3 (37.5%) 175 (90.7%) 5 (62.5%) 18 (9.3%) 0 (0.0%) 0 (0.0%)

400 mg + 
FULVESTRANT

69 1391 41 (59.4%) 1293 (93.0%) 26 (37.7%) 95 (6.8%) 2 (2.9%) 3 (0.2%)

Table 10: Categorical Analysis for QRS - Monotherapy vs Combination Cohort
Total

N Value<=100 ms 100 ms<Value<=110 ms Value>110 ms

Cohort Regimen
#

Subj.
#

Obs.
#

Subj.
#

Obs.
#

Subj.
#

Obs.
#

Subj.
#

Obs.

Monotherapy *30 to 350 mg QD 32 648 20 (62.5%) 591 (91.2%) 11 (34.4%) 56 (8.6%) 1 (3.1%) 1 (0.2%)

400 mg QD 65 1173 31 (47.7%) 1039 (88.6%) 31 (47.7%) 112 (9.5%) 3 (4.6%) 22 (1.9%)

450 mg QD 9 172 5 (55.6%) 164 (95.3%) 4 (44.4%) 8 (4.7%) 0 (0.0%) 0 (0.0%)

120 mg BID 5 102 2 (40.0%) 96 (94.1%) 3 (60.0%) 6 (5.9%) 0 (0.0%) 0 (0.0%)

150 mg BID 14 284 8 (57.1%) 242 (85.2%) 4 (28.6%) 26 (9.2%) 2 (14.3%) 16 (5.6%)

200 mg BID 6 89 5 (83.3%) 84 (94.4%) 1 (16.7%) 5 (5.6%) 0 (0.0%) 0 (0.0%)

Combination 300 mg + 
FULVESTRANT

9 223 5 (55.6%) 210 (94.2%) 4 (44.4%) 13 (5.8%) 0 (0.0%) 0 (0.0%)

350 mg + 
FULVESTRANT

8 193 3 (37.5%) 175 (90.7%) 5 (62.5%) 18 (9.3%) 0 (0.0%) 0 (0.0%)

400 mg + 
FULVESTRANT

69 1391 41 (59.4%) 1293 (93.0%) 26 (37.7%) 95 (6.8%) 2 (2.9%) 3 (0.2%)

* Dose at 30 mg to 350 mg group into one dose group.

4.4.4 HR
The outlier analysis results for HR are presented in Table 11 and Table 12. A total of 44 
subjects experienced HR>100 bpm in different dose groups, except 200 mg BID group. 
Eight subjects had baseline HR>100 bpm (5 in 400 mg, 1 in 400 mg + Fulvestrant, 1 in 
150 mg BID and 1 subject in 270 mg).
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Table 11: Categorical Analysis for HR - Dosing Regimen (BID vs QD)
Total N Value<=100 bpm Value>100bpm

Cohort Regimen # Subj # Obs # Subj # Obs # Subj # Obs

BID 120 mg 5 102 4 (80.0%) 99 (97.1%) 1 (20.0%) 3 (2.9%)

150 mg 14 284 12 (85.7%) 270 (95.1%) 2 (14.3%) 14 (4.9%)

200 mg 6 89 6 (100%) 89 (100%) 0 (0.0%) 0 (0.0%)

QD *30 to 350 mg 32 648 26 (81.3%) 637 (98.3%) 6 (18.8%) 11 (1.7%)

400 mg MTD 65 1173 53 (81.5%) 1132 (96.5%) 12 (18.5%) 41 (3.5%)

450 mg 9 172 6 (66.7%) 163 (94.8%) 3 (33.3%) 9 (5.2%)

300 mg + FULVESTRANT 9 223 7 (77.8%) 221 (99.1%) 2 (22.2%) 2 (0.9%)

350 mg + FULVESTRANT 8 193 6 (75.0%) 191 (99.0%) 2 (25.0%) 2 (1.0%)

400 mg + FULVESTRANT 69 1391 53 (76.8%) 1353 (97.3%) 16 (23.2%) 38 (2.7%)

Table 12 : Categorical Analysis for HR – Monotherapy vs Combination Cohort
Total N Value <=100 bpm Value >100 bpm

Cohort Regimen # Subj # Obs # Subj # Obs # Subj # Obs

*30 to 350 mg QD 32 648 26 (81.3%) 637 (98.3%) 6 (18.8%) 11 (1.7%)

400 mg QD 65 1173 53 (81.5%) 1132 (96.5%) 12 (18.5%) 41 (3.5%)

450 mg QD 9 172 6 (66.7%) 163 (94.8%) 3 (33.3%) 9 (5.2%)

120 mg BID 5 102 4 (80.0%) 99 (97.1%) 1 (20.0%) 3 (2.9%)

150 mg BID 14 284 12 (85.7%) 270 (95.1%) 2 (14.3%) 14 (4.9%)

Monotherapy

200 mg BID 6 89 6 (100%) 89 (100%) 0 (0.0%) 0 (0.0%)

300 mg + FULVESTRANT 9 223 7 (77.8%) 221 (99.1%) 2 (22.2%) 2 (0.9%)

350 mg + FULVESTRANT 8 193 6 (75.0%) 191 (99.0%) 2 (25.0%) 2 (1.0%)

Combination
Monotherapy

400 mg + FULVESTRANT 69 1391 53 (76.8%) 1353 (97.3%) 16 (23.2%) 38 (2.7%)

* Dose at 30 mg to 350 mg group into one dose group.

4.5 EXPOSURE-RESPONSE ANALYSIS

The objective of the clinical pharmacology analysis is to assess the relationship between 
drug concentration and ΔQTcF using data from alpelisib single-agent treatment arms.

Prior to evaluating the relationship using a linear model, the three key assumptions of the 
model were evaluated using exploratory analysis at the dose level of 400 mg QD: 1) 
absence of significant changes in heart rate (more than a 10 bpm increase or decrease in 
mean HR); 2) delay between plasma concentration and ΔQTcF and 3) presence of non-
linear relationship. An evaluation of the time-course of drug concentration and changes in 
ΔHR and ΔQTcF is shown in Figure 5. The maximum mean effect on absolute ΔHR at 
the 400 mg QD dose is less than 10 bpm, which supports an absence of significant 
changes in HR. In exploratory analysis, there was a concentration-dependent decrease in 
HR. The predicted maximum ΔHR is below -10 bpm in the 450 mg QD group. 

There appears to be a delayed effect as suggested by sustained increase in ΔQTcF after 8 
hours postdose on Cycle 1 Day 1. In addition, ΔQTcF within first 2 hours postdose on 
Cycle 1 Day 8 was much higher than that on Cycle 1 Day 1 while the systemic exposure 
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was comparable within this time frame. Similar trend of delayed effect appeared in other 
dose groups as well (figures not shown).

Available data does not support the identification of potential QT effect by the 
metabolite, because the time course of alpelisib and metabolite PK profiles were similar 
in the first cycle and PK data of the metabolite were not available after Cycle 1.

Figure 5: Time course of drug and metabolite concentration (top I and II), heart 
rate (middle) and QTcF (bottom)

Figure 6 (Left) shows the relationship between drug concentration and ΔQTcF across the 
range of 30-450 mg. The data appears to support the use of a linear model. Therefore, a 
linear model was applied to the data. The model uses ΔQTcF as the dependent variable, 
centered baseline QTc and alpelisib concentration as fixed effect, and subject as a random 
effect on the intercept and slope. The model suggested a positive correlation between 
drug exposure and ΔQTcF. Predictions from the concentration-QTc model suggested a 
lack of large mean effect (i.e. >20 ms) at the therapeutic exposure (Figure 6, RightError! 
Reference source not found.; the observed Cmax,ss in this study is 3758 ng/mL at the 400 
mg QD dose level, and the projected Cmax,ss at the 300 mg QD dose level is 2900 ng/mL). 
However, the model may under-estimate drug effect because of the apparent delayed 
effect.
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Figure 6: Assessment of linearity of concentration-QTc relationship (Left) and 
goodness-of-fit plot for QTc (Right)

The same conclusion (i.e. lack of large mean effect) was derived in exploratory analysis 
where data from the 450 mg QD doses were excluded due to significant heart rate effect. 
An analysis using QTcP as the dependent variable yields the same conclusions (i.e. the 
presence of apparent delayed effect and a lack of large mean effect). 

4.5.1 Assay sensitivity
Not applicable.

4.6 SAFETY ASSESSMENTS

See section 3.2.3.  No additional safety analyses were performed.

4.7 OTHER ECG INTERVALS

No clinically significant changes in PR or QRS were observed. 
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LABEL AND LABELING REVIEW
Division of Medication Error Prevention and Analysis (DMEPA) 

Office of Medication Error Prevention and Risk Management (OMEPRM)
Office of Surveillance and Epidemiology (OSE)

Center for Drug Evaluation and Research (CDER)

*** This document contains proprietary information that cannot be released to the public***

Date of This Review: February 26, 2019

Requesting Office or Division: Division of Oncology Products 1 (DOP1)

Application Type and Number: NDA 212526

Product Name and Strength: Piqray (alpelisib) tablets, 50 mg, 150 mg, and 200 mg

Product Type: Single Ingredient Product

Rx or OTC: Prescription (Rx)

Applicant/Sponsor Name: Novartis Pharmaceuticals Corporation

FDA Received Date: November 19, 2018, December 18, 2018, and January 18, 
2019

OSE RCM #: 2018-2330

DMEPA Safety Evaluator: Tingting Gao, PharmD

DMEPA Team Leader: Chi-Ming (Alice) Tu, PharmD
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1 REASON FOR REVIEW

As part of the approval process for Piqray (alpelisib) tablets, the Division of Oncology 
Products 1 (DOP1) requested that we review the proposed Piqray prescribing information 
(PI), container labels, and carton labeling for areas of vulnerability that may lead to 
medication errors. 

2 MATERIALS REVIEWED 

Table 1. Materials Considered for this Label and Labeling Review
Material Reviewed Appendix Section 

(for Methods and Results)

Product Information/Prescribing Information A

Previous DMEPA Reviews B – N/A

ISMP Newsletters C – N/A

FDA Adverse Event Reporting System (FAERS)* D – N/A

Other E – N/A

Labels and Labeling F

N/A=not applicable for this review
*We do not typically search FAERS for our label and labeling reviews unless we are aware of 
medication errors through our routine postmarket safety surveillance

3 FINDINGS AND RECOMMENDATIONS

3.1 PRESCRIBING INFORMATION (PI)

Table 2 below include the identified medication error issues with the submitted PI, our 
rationale for concern, and the proposed recommendation to minimize the risk for medication 
error.

Table 2. Identified Issues and Recommendations for Division of Oncology Products 1 (DOP1)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

Full Prescribing Information – Section 2 Dosage and Administration

1. In Section 2.3 Dosage 
Modifications for Adverse 
Reactions, the statement 

 
does not clearly state the 
frequency (once daily).

Missing frequency information 
may lead to wrong frequency 
errors. 

Consider including frequency in 
the “Dose and Schedule” 
column. See example below. 

2. In Section 2.3 Dosage 
Modifications for Adverse 

Potential confusion with 
regards to number and 

Consider spelling out the 
number of tablets in the 
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Table 2. Identified Issues and Recommendations for Division of Oncology Products 1 (DOP1)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION
Reactions, the presentation 
of the number and strength 
of tablets may be clarified. 

strength of tablets may lead to 
dosing errors.

“Number and Strength of 
Tablets” column. See example 
below.

 Dose Reduction Guidelines for Adverse Reactions PIQRAY1

PIQRAY Dose Level Dose and Schedule Number and Strength of Tablets
Starting dose 300 mg once daily two 150 mg tablets 
First-dose reduction 250 mg once daily one 200 mg tablet and one 50 mg tablet
Second-dose reduction 200 mg once daily2 one 200 mg tablet
1Only one dose reduction is permitted for pancreatitis.
2If further dose reduction below 200 mg once daily is required, discontinue PIQRAY.

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

Full Prescribing Information – Section 16 How Supplied/Storage and Handling

3. As currently presented, the 
statement “200 mg daily 
dose: Each carton contains 

 

 
 is incorrect 

and does not reflect the 
actual day supply for the 
200 mg daily dose carton.

Wrong information regarding 
to the day supply for the 200 
mg daily dose carton may lead 
to dispensing errors. 

For the 200 mg daily dose, 
revise the statement to “Each 
carton contains one blister pack. 
Each blister pack contain a 28 
day supply of 28 tablets (28 
tablets, 200 mg of alpelisib per 
tablet).”

3.2 CONTAINER LABEL AND CARTON LABELING 

Novartis proposed to provide Piqray in blister packs. Upon further review, we noted that the 
proposed blister card is presented in a unique “cotton swabs” presentation, with the tablets 
located on both ends and the day of treatment in the middle (see Appendix F).  Since we are 
not aware of similar blister cards presented in this configuration, we sent an Information 
Request on February 12, 2019a requesting marketing experience or human factors/usability 
data to support patients’ use of the proposed blister card presentation. 

a Fahnbulleh, L. NDA 212526 (Alpelisib) Information Request. Silver Spring (MD): FDA, CDER, OSE (US); 2019 Feb 12.
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Novartis responded that they conducted a market research with 17 breast cancer patients and 
2 caregivers in the United States, France, and Germany, who were provided with mock ups for 
the alpelisib 300 mg, 250 mg, and 200 mg daily doses for clarity, appeal, and ease of use.b 
Patients were presented with the following mock ups versions of the packaging, which were 
different than the proposed blister cards for this product:

Based on patients’ feedback, Novartis concluded that the daily dosing was clear on all three 
strengths to the patients. Specifically, the 300 mg dose (2 x 150mg) was very straightforward, a 
different pill size for 250 mg was clear, and the single pill for 200 mg dose offered simplicity. 
Furthermore, patients stated that the alternating color improved legibility and that the pattern 
1) encouraged reading of the graphic from left to right and 2) clarified that both tablets 
(applicable to 300 mg and 250 mg doses) are part of the once daily dose. As a result, Novartis 

b Alpelisib (BYL719) NDA 212526 Response to FDA Artwork Information Request. East Hanover (NJ): Novartis 
Pharmaceuticals Corporation. 2019 Feb 19. Available from: \\cdsesub1\evsprod\nda212526\0024\m1\us\fda-
response-20190219.pdf.
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considers the proposed packaging adequate and sufficient to support patient compliance in the 
real-world setting.

Based on Novartis’s response, subjects in Novartis’s market research were able to identify the 
correct daily dosing on all three strengths with just alternating different shade of the same 
color for each daily dose.  Because the proposed Piqray blister packs utilize alternating distinct 
and different colors for each daily dose, which we find to be an improvement from the design 
tested in Novartis’s market research, we determined that the proposed blister pack’s “cotton 
swab” presentation to be a viable blister pack presentation.  Nevertheless, we determined that 
the proposed blister pack container label and carton labeling for Piqray could be further 
improved to ensure safe product use, as noted in Table 3.

Table 3 below include the identified medication error issues with the submitted container label 
and carton labeling, our rationale for concern, and the proposed recommendation to minimize 
the risk for medication error.

Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table 
to be conveyed to Applicant)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

Container Label(s) and Carton Labeling

1. The NDC number is not 
defined. 

Sequential NDC numbers 
may lead to wrong 
selection errors. 

Ensure that the product code (the middle 
4 digits -XXXX-) in the NDC number are 
different and nonsequential between the 
strengths. See Draft Guidance for 
Industry: Safety Considerations for 
Container Labels and Carton Labeling 
Design to Minimize Medication Errors. 
Available at 
https://www.fda.gov/downloads/drugs/g
uidances/ucm349009.pdf. 

2. As currently presented, the 
expiration date format is 
defined as “MMM YYYY”. 

Inconsistent with FDA draft 
guidance.

FDA recommends that the expiration 
date be expressed as YYYY-MMM if 
alphabetical characters are used to 
represent the month.  FDA recommends 
that a hyphen or a space be used to 
separate the portions of the expiration 
date. See Draft Guidance: Product 
Identifiers Under the Drug Supply Chain 
Security Act-Questions and Answers. 
Available at 
https://www.fda.gov/downloads/Drugs/
GuidanceComplianceRegulatoryInformati
on/Guidances/UCM621044.pdf.    

Container Labels – Pull Out Blister Cards
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Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table 
to be conveyed to Applicant)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

1. The statement “Take two 
150 mg tablets once daily 

 
is located at the 

bottom of the blister card 
and may be overlooked.

Overlooking this statement 
may lead to wrong dose 
errors.

To minimize the risk of wrong dose 
errors, reword this statement to “300 mg 
daily dose: Take two 150 mg tablets 
once daily  
and relocate this to the top of the blister 
card, and in bold to enhance visibility and 
prominence.

Relocate the statement “Fill in date of 
your first dose: ____” to the bottom of 
the blister card.

Repeat the above for the 250 mg daily 
dose and 200 mg daily dose blister cards.

Carton Labeling – Blister Card Sleeves

1. The following statements 
could be improved by 
utilizing patient friendly 
language to ensure patient 
comprehension

Patients may not 
understand what these 
statements mean and what 
they need to do with these 
tablets. 

Revise these statements by adding the 
word “Take” and “once daily” to facilitate 
patient comprehension. For example: 
“Take two 150 mg tablets once daily”.

300 mg daily dose

Take two 150 mg tablets once daily

2. The Usual Dosage 
statement is located in the 
back panel and may be 
overlooked. 

The “Do not chew, crush, 
or split tablets” statement 
is an important 
administration instruction 
that should be included on 
the blister card sleeve. 

Overlooking the Usual 
Dosage statement may 
lead to wrong 
administration errors.

Relocate and revise the statement “Usual 
Dosage: Take two 150 mg tablets once 
daily  
See prescribing information for complete 
dosage information.” from the back panel 
to the PDP to read:

Usual Dosage: Take two 150 mg tablets 
once daily with food. Swallow tablets 
whole. DO NOT chew, crush, or split 
tablets. See prescribing information for 
complete dosage information.

Repeat the above for the 250 mg daily 
dose and 200 mg daily dose blister card 
sleeves.

Carton Labeling – Box 
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Table 3. Identified Issues and Recommendations for Novartis Pharmaceuticals Corporation (entire table 
to be conveyed to Applicant)

IDENTIFIED ISSUE RATIONALE FOR CONCERN RECOMMENDATION

1. The following statements 
could be improved by 
utilizing patient friendly 
language to ensure patient 
comprehension.

Patients may not 
understand what these 
statements mean and what 
they need to do with these 
tablets. 

Revise these statements by adding the 
word “Take” and “once daily” to facilitate 
patient comprehension. For example: 
“Take two 150 mg tablets once daily”.

300 mg daily dose
Take two 150 mg tablets once daily

2. The net quantity statement 
“Two 14-day blister packs 
each containing 28 tablets” 
could be improved to 
clarify what the carton 
contains. 

Lack of clarity. Consider adding the word “Contains:” at 
the beginning of each statement “Two 
14-day blister packs each containing 28 
tablets” for clarity. 

3. The Usual Dosage 
statement is located in the 
back panel and may be 
overlooked. 

The “Do not chew, crush, 
or split tablets” statement 
is an important 
administration instruction 
that should be included on 
the blister card sleeve. 

Overlooking the Usual 
Dosage statement may 
lead to wrong 
administration errors.

Relocate and revise the statement “Usual 
Dosage: Take two 150 mg tablets once 
daily.  
See prescribing information for complete 
dosage information.” from the back panel 
to the PDP to read:

Usual Dosage: Take two 150 mg tablets 
once daily with food. Swallow tablets 
whole. DO NOT chew, crush, or split 
tablets. See prescribing information for 
complete dosage information.

Repeat the above for the 250 mg daily 
dose and 200 mg daily dose carton 
labeling.

4 CONCLUSION 

Our evaluation of the proposed Piqray PI, container labels, and carton labeling identified areas 
of vulnerability that may lead to medication errors.  Above, we have provided 
recommendations in Table 2 for the Division and Table 3 for the Applicant. We ask that the 
Division convey Table 3 in its entirety to Novartis Pharmaceuticals Corporation so that 
recommendations are implemented prior to approval of this NDA.
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APPENDICES:  METHODS & RESULTS FOR EACH MATERIAL REVIEWED 

APPENDIX A. PRODUCT INFORMATION/PRESCRIBING INFORMATION

Table 4 presents relevant product information for Piqray that Novartis Pharmaceuticals 
Corporation submitted on November 19, 2018. 

Table 4. Relevant Product Information for Piqray
Initial Approval Date N/A

Active Ingredient alpelisib

Indication treatment of postmenopausal women, and men, with hormone 
receptor (HR)-positive, human epidermal growth factor receptor 2 
(HER2)-negative, advanced breast cancer with a PIK3CA mutation as 
detected by an FDA-approved test in combination with fulvestrant 
after disease progression following an endocrine-based regimen.

Route of Administration oral

Dosage Form tablets

Strength 50 mg, 150 mg, and 200 mg

Dose and Frequency 300 mg (2 × 150mg tablets) once daily

 Dose Reduction Guidelines for Adverse Reactions1

Piqray Dose Level Dose and Schedule Number and Strength 
of Tablets

Starting dose 300 mg 2 x 150 mg tablets 
First-dose reduction 250 mg 1 x 200 mg tablet and 

1 x 50 mg tablet
Second-dose 
reduction

200 mg 1 x 200 mg tablet

1Only one dose reduction is permitted for pancreatitis.
2If further dose reduction below 200 mg/day is required, 
discontinue PIQRAY.

How Supplied 300 mg daily dose: Each carton contains 2 blister packs. Each blister 
pack contains a 14 day supply of 28 tablets (28 tablets, 150 mg 
alpelisib per tablet). 
250 mg daily dose: Each carton contains 2 blister packs. Each blister 
pack contains a 14 day supply of 28 tablets (14 tablets, 200 mg 
alpelisib per tablet and 14 tablets, 50 mg alpelisib per tablet). 
200 mg daily dose: Each carton contains 1 blister pack. Each blister 
pack contains a 28 day supply of 28 tablets (28 tablets, 200 mg 
alpelisib per tablet). 

Storage Store at 20°C to 25°C (68°F to 77°F), excursions permitted between 
15°C and 30°C (59°F and 86°F).

Container Closure packaged in  blisters contained in cardboard based packs 
(secondary packaging).
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APPENDIX F. LABELS AND LABELING 
F.1 List of Labels and Labeling Reviewed

Using the principles of human factors and Failure Mode and Effects Analysis,c along with 
postmarket medication error data, we reviewed the following Piqray labels and labeling 
submitted by Novartis Pharmaceuticals Corporation.

• Container label received on November 19, 2018
• Carton labeling received on November 19, 2018
• Professional Sample Blistercards received on December 18, 2018
• Professional Sample Carton Labeling received on December 18, 2018 and January 18, 

2019
• Prescribing Information (Image not shown) received on November 19, 2018

F.2 Label and Labeling Images

Container label – pull out blister card (300 mg daily dose)

c Institute for Healthcare Improvement (IHI).  Failure Modes and Effects Analysis.  Boston. IHI:2004. 
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