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was added and the mixture was further vortex mixed (30 seconds) and subjected to
ultrasonication (5 minutes). Finally, the mixture was centrifuged as described
above, and the resulting supernatant was combined with the first. The resulting
pellet was re-extracted a further two times, following the procedure described
above. The final combined supernatant was evaporated under a stream of nitrogen
at room temperature to a volume of approximately 1 ml and was transferred to a
2 ml polypropylene tube. The original 50 ml Falcon tube was rinsed twice with
acetonitrile, and these rinses were combined with the rest of the extract. Finally,
the extract was evaporated to dryness under nitrogen flow at room temperature.

Each extract was reconstituted by the addition of 700 ul CD;0D/D,0 (7/3 v/v),
which contained internal standard 1 at a concentration of 5 wg/ml. One hundred
seventy microliters of each reconstitute was transferred to a 3 mm NMR tube and
was submitted for analysis.

Preparation of Plasma Area Under the Curve Pool for Quantitative
Metabolite Profiling. For one subject, volumes of plasma from time points 0, 0.5,
1,1.5,2,3,4,6,8, 12, and 24 hours postadministration of the dose were pooled to
mimic an area under the curve (AUC) exposure, as previously described
(Hamilton et al., 1981). The total pool volume was 8832 ul. The pool was split
into eight polypropylene tubes (15 ml capacity), with each containing approx-
imately 1.1 ml of plasma. The plasma samples were extracted as follows:

To each sample, 2.2 ml of ice-cold acetonitrile was added, and the resulting
suspension was vortex mixed for 30 seconds and subjected to ultrasound
(ultrasonication) for 5 minutes in a water bath. This was followed by
centrifugation (10 minutes, 8331 g; GS-15R centrifuge, Beckman), after which
the supernatant was removed from the pellet. The pellet was resuspended by the
addition of 0.3 ml of water, followed by vortex mixing (30 seconds) and
ultrasonication (5 minutes). To this, 2.2 ml of ice-cold acetonitrile was added and
the mixture was further vortex mixed (30 seconds) and subjected to ultra-
sonication (5 minutes). Finally the mixture was centrifuged as described above,
and the resulting supernatant was combined with the first. The resulting pellet was
re-extracted a further two times, following the procedure described above. The
supernatants were combined from all plasma aliquots, and the resulting solution
was evaporated under a stream of nitrogen at room temperature to a volume of
approximately 4 ml. This was transferred to a 10 ml glass tube. The original tube
containing the combined supernatants was rinsed three times with water/
acetonitrile (9/1 v/v), and these rinses were combined with the rest of the extract.
After removal of an aliquot (400 ul) for LSC, the remainder was injected onto the
prep-high-performance liquid chromatography (HPLC) system and fractionated
as described below. Resulting dried fractions were reconstituted by the addition of
600 ul of CD3;OD/D,O (7/3 v/v) that contained internal standard 2 at a
concentration of 2 ug/ml, followed by vortex mixing and ultrasonication. The
resulting solutions were transferred into S mm NMR tubes and were submitted for
'9F NMR analysis

Preparation of Urine and Feces Samples for Analysis of Total DRM by
1%F NMR. From all subjects in the study, at time periods predose, 0—6 hours, 6—12
hours, 12-24 hours, 2448 hours, 48—72 hours, and 72-96 hours, duplicate 2 ml
aliquots of urine were weighed into 5 ml polypropylene tubes. In parallel,
duplicate 0.4 ml aliquots were taken for determination of radioactivity by LSC.
The 2 ml aliquots were dried under a stream of nitrogen at room temperature and
were reconstituted by the addition of 1 ml CD;0D/D,O (7/3 v/v), which
contained internal standard 1 at a concentration of 25 ug/ml. Reconstituted
samples were vortex mixed (10 seconds), ultrasonicated (30 minutes), and vortex
mixed again for a further 10 seconds. Two aliquots of 150 ul were taken for LSC
analysis and 650 ul was transferred into 5 mm NMR tubes for '°F NMR analysis.

From all subjects in the study, at time periods predose, 024 hours, 24-48
hours, 4872 hours, 72-96 hours, 96—120 hours, 120-144 hours, and 144—-168
hours, about 0.2 ml aliquots (duplicate) of fecal homogenate were taken for
determination of radioactivity by LSC. In parallel, triplicate 1 g aliquots of feces
homogenate were weighed into 15 ml polypropylene tubes. The 1 g aliquots were
extracted as follows: to each sample, 5 ml of ice-cold acetonitrile was added, and
the resulting suspension was vortex mixed for 10 seconds and subjected to
ultrasound (ultrasonication) for 30 minutes in a water bath. This was followed by
centrifugation (10 minutes, 10,000 g; Allegra 64R centrifuge, Beckman Coulter),
after which the supernatant was removed from the pellet. The pellet was
re-extracted by the addition of 1 ml of acetonitrile, followed by vortex mixing,
ultrasonication, and centrifugation as described above. After removal of the
supernatant, the pellet was extracted a third time in an identical manner.
Supernatants from each extraction step were combined and evaporated to dryness
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under nitrogen. Samples were reconstituted by the addition of 1 ml CD;0D/D,0
(7/3 v/v), which contained internal standard 1 at a concentration of 25 ug/ml.
Reconstituted samples were vortex mixed (10 seconds), ultrasonicated (30 minutes),
and vortex mixed again for an additional 10 seconds. Two aliquots of 150 ul were
taken for LSC analysis, and 650 ul was transferred into 5 mm NMR tubes for '°F
NMR analysis.

Preparation of Urine and Feces Pools for Quantitative Metabolite
Profiling. Urine was pooled across the time range 0-144 hours by taking equal
percentages of the amount excreted from each time period (Subject 1000_00010).
After removal of duplicate aliquots (0.5 ml) for LSC, 8 ml of urine was directly
injected onto the prep-HPLC system and fractionated as described below.
Resulting dried fractions were reconstituted by the addition of 600 ul of
CD3;0D/D,0 (7/3 v/v), which contained internal standard 2 at a concentration of
2 pg/ml, followed by vortex mixing and ultrasonication. The resulting solutions
were transferred into 5 mm NMR tubes and were submitted for '°’F NMR analysis.

Feces homogenate was pooled across the time range 0-216 hours by taking
equal percentages of the amount excreted from each individual time period
(Subject 1000_00010). After duplicate aliquots (~0.2 g) for LSC were removed, a
sample of ~1 g was weighed into a 15 ml polypropylene tube. The sample was
extracted as described previously for the analysis of total DRM by '°F NMR.
After evaporation to dryness under N,, the extraction residue was reconstituted by
the addition of 4 ml of water, followed by vortex mixing (2 minutes) and
ultrasonication (15 minutes). This reconstitute was transferred to a Waters
autopurification system injection tube, after which the original 15 ml poly-
propylene tube was rinsed twice by the addition of 2 ml of water. Rinses were
combined with the original reconstitute. After removal of duplicate aliquots of
100 wl for LSC, the remaining reconstitute was directly injected onto the prep-
HPLC system and fractionated as described below. Resulting dried fractions were
reconstituted by the addition of 600 ul of CD;0D/D,0 (7/3 v/v), which contained
internal standard 2 at a concentration of 10 wg/ml, followed by vortex mixing and
ultrasonication. The resulting solutions were transferred into 5 mm NMR tubes
and were submitted for '°F NMR analysis.

Semipreparative HPLC Conditions for Fractionation of Plasma
Extract, Urine, and Feces Extract for Quantitative Metabolite Profiling
by F NMR. Semipreparative HPLC with fraction collection for quantitative
metabolite profiling was carried out using a Waters Autopurification System
equipped with MassLynx and the FractionLynx application manager. The
column used was a Waters Atlantis Prep T3 (10 x 150 mm, 5 um particle size)
at room temperature. Post column flow was directed to a Gilson FC204
fraction collector operated in a time-slice mode. Separation and fractionation
of BYL719 metabolites was accomplished using 10 mM ammonium acetate
adjusted to pH 5.0 with acetic acid as mobile phase A and acetonitrile as
mobile phase B. Flow rate was 5 ml/min. The semipreparative HPLC gradient
was as follows: initial conditions were 10% mobile phase B, which increased
to 70% at 10 minutes postinjection. From there, mobile phase B was increased
to 95% at 11 minutes, where it was held (isocratic) up to 15 minutes. Finally,
mobile phase B was decreased to 10% at 15.5 minutes, after which the column
was re-equilibrated for subsequent injections. Post column flow was
fractionated at 12 seconds per fraction into a 96 deep-well plate (Nunc
278752 U96 deepwell 96-well x 2 ml assay collection and storage microplate
without lid, round bottom wells, non-treated natural polypropylene). Indi-
vidual fractions were subsequently prepared for 'F NMR analysis as
described above.

NMR Instrument Parameters Used for the Measurement of Total *F in
Urine, Feces Extracts, and Semipreparative HPLC Fractions. One-
dimensional '°F spectra were acquired at a temperature of 300 K using a Bruker
600 MHz Avance ITI NMR spectrometer equipped with a 5 mm '"H/'*F-"*C/**N/D
CryoProbe with a z-gradient system. A total of 128 scans was accumulated for
each sample using a standard proton inverse-gated decoupling pulse sequence
with a relaxation delay of 7 seconds. Complex points (32,768) covering
34090.9 Hz were recorded at a transmitter frequency offset of —75 ppm. Data
were zero-filled to 65,536 complex points prior to Fourier transformation, and an
exponential window function was applied with a line-broadening factor of 1.0 Hz.
The spectra were manually phase and baseline corrected and referenced to either
the internal standard Fevipiprant (—61.0 ppm) or 3,5-bis(trifluoromethyl)phenol
(-64.0 ppm). Based on these parameters the total acquisition time was
approximately 15 minutes per sample.
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Liquid Chromatography Tandem Mass Spectrometry; Conditions for
Identification of Drug-Related Components Observed following '’F-NMR
Analysis of Prep-HPLC Fractions. Liquid chromatography tandem mass
spectrometry (LC-MS/MS) of prep-HPLC fractions with detectable '°F NMR
signals was carried out either using an Agilent model 1200 HPLC coupled with a
Waters Synapt HDMS or a Waters ultraperformance liquid chromatography
system coupled with a Waters Synapt-G2 HDMS. The column used in both cases
was a Waters Atlantis dC18 (2.1 x 150 mm, 3 um) equipped with a precolumn of
the same type (2.1 x 10 mm), which was placed in a column oven at 40°C. Mobile
phase A was 10 mM ammonium acetate (aq) adjusted to pH 5.0 with acetic acid.
Mobile phase B was acetonitrile. Flow rate was 0.25 ml/min. The HPLC gradient
was as follows: initial conditions were 30% mobile phase B, which increased to
70% at 10 minutes postinjection. From there, mobile phase B was increased to
100% at 11 minutes, where it was held (isocratic) up to 17 minutes. Finally,
mobile phase B was decreased rapidly to 30%, after which the column was
re-equilibrated for subsequent injections.

Assessment of Potential Matrix Effect on the Measurement of Total
F in Plasma Extracts, Urine, and Feces Extracts. To assess any potential
matrix effect on the '’F NMR measurement, a series of samples were prepared
in control human urine, feces extract, plasma extract, and NMR solvents
(CD;0D/D,0 7/3 v/v). In the case of urine, two aliquots of urine were evaporated
to dryness under N,. For feces, two ~1 g aliquots were extracted as previously
described. For plasma, two ~3 g aliquots were extracted as previously described.
The resulting residues were reconstituted in CD;0OD/D,O (7/3 v/v). The
reconstitution solvent contained sufficient BYL719 and internal standard 2 to
achieve, for the first aliquots, a concentration of 100 and 25 ug/ml, respectively.
The final concentrations in the second aliquots were 1 and 2.5 pg/ml, respectively.
A control sample without matrix (70/30 v/v CD;0D/D,0) was also prepared at
both sets of concentrations. The final solutions were placed into 5 mm NMR tubes
and were analyzed as described above. Measurements were carried out in
quintuplicate to assess both the effect of the matrix and NMR instrument precision
at the two BYL719 concentrations.
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Fig. 1. Mean cumulative excretion of dose in urine and feces after a single oral dose
of 400 mg ["*CIBYL719 (Alpelisib) to four healthy volunteers, determined by liquid
scintillation counting and '°F NMR.
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Results

Excretion Balance. The percentage of dose excreted in each
collection interval for both urine and feces and comparing '’F NMR and
'4C measurements is shown in Fig. 1. For urine, the percentage of dose
excreted up to 96 hours postdose was 13.4 = 3.83%, based on total *C
measurement, and 12.3 + 2.47% when measured by '°F NMR. For feces,
up to 168 hours postdose, 80.9 *+ 3.24% of the dose was excreted (**C
measurement) compared with 83.7 + 3.95% when measured by '°F
NMR. With both means of measurement, excretion of the administered
dose could be classified as complete (>90%). Good agreement between
'9F and '“C measurements was obtained for all collection intervals for
both urine and feces.

Total DRM in Collected Plasma Samples. The concentrations of
total DRM in plasma extract from 0.5 to 12 hours determined by '°F
NMR analysis and compared with total "*C measurements of the same
plasma extract are detailed in Fig. 2. Forty-eight hours after dosing, total
DRM was below the limit of quantification by both '°F NMR and '“C
measurements. At 24 hours after dosing, concentrations were measure-
able by '“C but not by '"F NMR. In our conditions, the limit of
quantification by '’F NMR was estimated at 500 ng eq/ml for BYL719.
The limit of quantification (LOQ) for the plasma analysis by LSC, which
is dependent on the specific activity of the administered drug and the
validated ranges of the instrumentation, was approximately 75 ng eq/ml
for this study. Some variability was observed between the '°F NMR and
'4C measurements (with maximum 19% difference and 3 samples above
10%). As a final step, AUC0-12 hours was calculated based on NMR
and '*C measurements. The results were comparable, showing a 9%
difference.

Metabolite Profiling in Urine. '’F NMR analysis of individual
fractions generated from the analysis of the 0- to 144-hour urine pool
allowed reconstruction of a chromatogram (Fig. 3). Three peaks were
observed. Subsequent analysis by LC-MS/MS showed that the early
eluting peak (P1) was comprised of coeluting metabolites M1 and M12;
the middle peak (P2) metabolites M3, M4, and M9; and the last peak
(P3) BYL719. Structures of all metabolites observed in this study are
shown in Fig. 4. '°F mass balance measurements indicated that 12.6% of
the dose was excreted in urine over this time interval. Therefore, in terms
of percentage of dose, 2.31% was attributed to BYL719; 9.43% to M3,
M4, and M9; and 0.87% to M1 and M12. This compared well to results
obtained with conventional '*C radioprofiling and mass balance
measurements, where BYL719 represented 2.04%; M3, M4. and M9
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Fig. 2. Concentrations of total DRM in individual plasma time points from a single
healthy volunteer after a single oral dose of 400 mg ["“*CIBYL719 (Alpelisib)
determined by liquid scintillation counting and '’F NMR. Integration of '’F NMR
signals was performed manually.
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Fig. 3. Reconstructed '’F NMR chromatogram showing the metabolic profile of
BYL719 (Alpelisib) in (A; urine) and (B; feces). Chromatograms reconstructed from
total 'F NMR quantification in individual fractions generated by time-slice fraction
collection on a preparative-HPLC system. Metabolites were identified by LC-MS/MS
analysis of fractions containing '’F. The percentages listed are the percentage of
administered dose attributable to the components determined by '*F/'*C.

9.15%; and M1 and M12 1.15% of the dose. Notably, metabolites
coeluted under the preparative HPLC conditions used to prepare samples
for '°F NMR, but were resolved with the HPLC method used in the
original human ADME. This is discussed below.

Metabolite Profiling in Feces. '°F NMR of individual fractions
generated from analysis of a 0- to 216-hour feces pool allowed
reconstruction of a chromatogram (Fig. 3). Four peaks were observed
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(P1, P2, P3, and P4). Subsequent analysis by LC-MS/MS showed P1
consisted of metabolite M12; P2 consisted of coeluting M2 and MS; P3
consisted of coeluting M3, M4. and M9; and P4 was attributed to
BYL719. "°F mass balance measurements indicated that 85.9% of the
dose was excreted over this time interval. Therefore, in terms of
percentage of dose, 0.79% was attributed to M12; 1.59% to M2 and MS;
41.4% to M3, M4, and M9; and 42.1% to BYL719. In the original
human ADME, results from '*C radioprofiling were slightly different,
with 0.713%, 1.28%, 32.3%, and 32.0% of the dose being attributable to
the groups of metabolites, respectively. All metabolites detected in the
human ADME, with the exception of a minor component M19 (0.5% of
dose), were detected by 1F NMR.

Metabolite Profiling in Plasma. '°’F NMR of individual fractions
generated from analysis of a 0- to 24-hour pool allowed reconstruction of
a chromatogram (Fig. 5). Two compounds were detected: M4, which
represented 23.9%, and Alpelisib, which represented 76.1% of AUClast.
14C radioprofiling of individual plasma time points from 0 to 12 hours
from the same subject showed M4 representing 28.8% and Alpelisib
63.7% of AUClast. Two minor metabolites, M3 and M12, which
represented 0.13% and 1.33% of the '“C AUClast, respectively, were not
detected with the '°F NMR method. By use of the total DRM in each
plasma sample derived from '°F NMR measurements, an AUC0-12
hours of 28,869 nM-h was calculated. Considering the '°F chromato-
gram, this translates to an AUC0-12 hours of 6900 nM-h for metabolite
M4 and 21,969 nM-h for BYL719. In the original human ADME, the
derived AUCO-12 hours were 8990 nM-h and 19,900 nM-h for
metabolite M4 and BYL719, respectively. It is important to note that in
the case of the "*C-derived parameters, the presence of additional minor
metabolites M3 and M12 and '“C lost during sample processing were
taken into account in the calculation.

Assessment of Matrix Effect on NMR Measurements. The NMR
integrals (relative to internal standard) for BYL719 spiked into urine,
feces extract, plasma extract, and NMR reconstitution solvent are shown
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Fig. 5. Reconstructed '°F NMR chromatogram showing the metabolic profile of
BYL719 (Alpelisib) in a plasma AUCO- to 24-hour pool of a single subject.
Chromatogram reconstructed from total 'F NMR quantification in individual
fractions generated by time-slice fraction collection on a preparative-HPLC system.
Metabolites were identified by LC-MS/MS analysis of fractions containing '°F. The
percentages listed are the percentage of total observed DRM in the sample,
determined by ""F/**C.

in Fig. 6. The relative standard deviations are calculated from n = 5
measurements. The final concentrations of BYL719 in the NMR tubes
were 100 and 1 ug/ml, respectively. From the data, it is clear that the
matrix had negligible impact on the '’F NMR signal under our analytical
conditions.

Discussion

NMR is/has been used for a number of applications in biomedical
research and development, including metabolomics, in vivo magnetic
resonance spectroscopy, and pharmaceutical analysis [drug identifica-
tion, drug impurity characterization, degradation studies, drug isomeric
composition, and analysis of counterfeits (Holzgrabe, 2010; Malet-
Martino and Holzgrabe, 2011; Everett, 2015)]. Quantitative NMR has
also been used for drug metabolism investigations, such as quantifica-
tion of biologically isolated metabolites for use in pharmacological
activity testing (Mutlib et al., 2011), as standards for quantitative assays
to address MIST guidance concerns (Espina et al., 2009; Walker et al.,
2011) or in preclinical in vivo efficacy models (Walker et al., 2014). It
has also been used in preclinical in vivo studies to establish the urinary
metabolic fate of 2-bromo-4-trifluoromethylaniline in rat (Scarfe et al.,
1998,1999) and to conduct ADME in preclinical species (Mutlib et al.,
2012). In human studies it has been applied to urinary mass balance and
metabolite profiling (Skordi et al., 2004; Nedderman et al., 2011) and
quantitative metabolite profiling in plasma (Dear et al., 2008). In these
examples, either "H or '°F NMR was used. '°F has advantages for the
quantification of drugs and metabolites in complex biologic matrices,
because of the extremely low level of endogenous fluorine-containing
compounds (Martino et al., 2005). Fluorine is incorporated frequently
into drugs to alter physicochemical properties (Park et al., 2001), which
makes '°F NMR potentially applicable for the study of drug ADME.

In this study, we investigated whether 'F NMR could be used to
achieve the following hADME objectives: 1) determination of mass
balance, 2) determination of total DRM PK in plasma, 3) quantitative
metabolite profiling in plasma (MIST guidance considerations), and 4)
quantitative metabolite profiling in excreta to assign the major metabolic
elimination pathways. Using leftover samples from the human ADME
study with Alpelisib allowed for cross-validation of the NMR data with
radioactivity data. Excellent agreement was obtained between '°F and
4“C measurements for all of the listed objectives. Nevertheless, our
experience conducting the study raised several points that require
additional discussion.
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Fig. 6. Chart showing the internal standard corrected '°F NMR integrals obtained
from analysis of standard solutions of BYL719 (Alpelisib) and internal standard 2,
spiked into urine, feces, plasma, and NMR solvents at analyte:internal standard
concentrations of 100:25 and 1:2.5 ug/ml, respectively. Each sample was analyzed a
total of five times by '°F NMR. Relative standard deviations from the five
measurements are listed.

NMR Quantitation. Quantification using NMR can be accom-
plished using internal or external standards (Holzgrabe, 2015). For
quantification the internal reference method was chosen for this study, to
assure the highest accuracy and precision (Cullen et al., 2013, Giraudeau
etal., 2014). Key considerations that need to be taken into account when
selecting a suitable internal standard are: 1) the fluorine signal does not
overlap with those of the drug and metabolites, 2) the signal intensity
should not differ more than 50-fold from the expected lowest and highest
concentrations, and 3) to avoid off-resonance effects, the fluorine shift
should not differ too much from the analytes of interest (Power et al.,
2016). For fluorine NMR, use of an appropriate internal standard for a
specific chemical shift region should not present problems, because a
wide range of compounds could be used. In our study we selected either
Fevipiprant or 3,5-bis(trifluoromethyl)phenol as internal standards,
which were added to every sample. In Fig. 7, a typical one-
dimensional '°F spectrum is shown, revealing the signals from the
internal standard and Alpelisib + metabolites in human feces extract.
Quantification is based on signal intensity as indicated in the figure.
Although no evidence of matrix effects were observed in this study, it is
known that matrix can have an impact on NMR quantitation, such as salt
concentration. Although high salt concentrations result in “lossy
samples” due to increased conductivity, this does not have any effect on
relative signal integrals, because analytes and internal standards are
equally affected (Voehler et al., 2006; Robosky et al., 2007). To
minimize any additional matrix effects, calibration curves can be
recorded with the standards being prepared in the matrix of interest.
To avoid signal saturation effects, T1 relaxation times of the parent
compound and the internal standard were determined and the relaxation
delay adjusted accordingly.

Mass Balance. Measurement of mass balance relies on complete
collection of excreta. If a '>’F NMR approach is considered for a phase
1 study, collection of feces needs to be added to a cohort in the single
ascending dose arm of the study. This is not commonly done, and key
questions that need to be asked are 1) does the clinical unit selected have
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experience with feces collection and 2) how will the feces be processed?
Internal experience suggests that it is difficult to convince teams to agree
to feces collections for more than 5 days in a phase 1 study, despite
limited additional cost, but it is critical for this approach so that it is
possible to collect longer (minimum 7 days). Processing of stools can
either be done at the clinical site, in the analytical laboratory of the
sponsor company, or can be outsourced to a second contract resource
organization familiar with feces homogenization procedures. From an
analytical perspective, measurement of mass balance in urine is
relatively simple, with minimal sample processing required. For feces,
an organic solvent extraction needs to be performed to prepare samples
for NMR analysis. Low extraction recovery, which cannot be measured
using this approach, would contribute to low mass balance. The use of
high-resolution magic angle spinning NMR may compensate for this,
because feces homogenate could be loaded directly into the sample tube
for measurement. High-resolution magic angle spinning NMR is a
technology especially suitable for viscous or semisolid samples. It
combines the advantages of sensitive high-resolution NMR probes with
magic angle spinning technology for suppression of dipolar couplings
known from solid-state NMR. It has successfully been applied to a wide
range of inhomogeneous samples like gels, swollen polymers, resins,
foodstuff, cells, and tissue samples (Power, 2011). However, the
applicability for quantification of low molecular weight compounds in
feces remains to be tested.

Total DRM PK. In this study, total DRM in individual plasma time
points was measured by '°F NMR. As for feces, plasma samples were
extracted before analysis, which could lead to possible losses. A
combination of lyophilization followed by high-resolution magic angle
spinning NMR spectroscopy may account for this, as discussed above.
However, this would likely only allow measurement of “free”
compound-related material that was not extractable by protein pre-
cipitation. Covalently bound material, e.g., to plasma proteins, would
probably not be quantifiable due to broadening of '°F resonances.

Metabolite Profiling. We have demonstrated that '°F NMR can
provide reliable quantitative metabolite profiles in plasma and excreta
for the assessment of metabolite exposures and metabolic elimination
pathways. As previously discussed, extraction recoveries cannot be
measured for plasma and feces. This is the most likely explanation for

the discrepancies that were noted in the '°F and '"*C profiles for feces,
because, in the latter case, column and extraction recoveries were taken
into account in the calculation. A second limitation was coelution of
metabolites in the excreta profiles. Development of chromatography
methods that separate all metabolites of interest is more challenging with
apreparative HPLC system. These limitations could be overcome by, for
example, multiple repeated injections with fraction collection using a
HPLC/ultraperformance liquid chromatography system. In addition,
coelution may not be an issue for some compounds. Fluorine resonances
are very sensitive to structural and steric changes, so it is feasible that a
mixture of coeluting metabolites could be quantified individually (Hu
etal., 2017). Finally, the fluorine group may be removed by metabolism.
Although unlikely for a CF; moiety, it is known that single fluorine
atoms in a drug can be removed by oxidative defluorination (Park et al.,
2001). This would make the metabolite unavailable for NMR
quantification.

Overall Summary. We have demonstrated that hADME objectives
are achievable using '°’F NMR. The availability of complementary '“C
data demonstrates that the NMR data can be of high quality, despite the
limitations discussed above. The main advantage of this approach is that
it could be applied in a phase 1 clinical study without the need to use
radiolabel and with limited additional cost. A “human first” approach
would allow for streamlining of follow up activities such as animal
radiolabeled ADME studies, drug-drug interaction in vitro, and clinical
studies and defining regulated bioanalysis strategy in toxicology and
clinical studies to answer the key questions raised by the human data.
Furthermore, '°F NMR provides an opportunity to quantitatively
investigate metabolite systemic exposures at steady state, as requested
by the MIST guidance. Multiple dosing of a radiolabeled tracer is not
practical, which means investigation of steady-state levels typically
relies on, for example, development of validated bioanalytical assays or
extrapolations from single-dose data.

The need for a traditional '*C human ADME study later in develop-
ment could also be questioned, potentially saving the need to expose
healthy volunteers to a radioactive dose of the drug. The main limitations
of the study design are sensitivity of the NMR instrument and that it is
only applicable to fluorinated drugs. Whether '°’F NMR would be
sensitive enough to apply to a given clinical study is complex to answer.
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Use of "®F NMR To Assess ADME of Alpelisib

The dose of administered drug, the extent of its metabolism, the extent of
drug absorption and distribution, and the rate of excretion are all factors
that should be considered. Finally, the number of fluorine atoms (CF;
versus single F) will also influence the sensitivity as CF; resonances are
equivalent and give rise to a threefold more intense signal. Available PK,
TK, and preclinical ADME data can be used, in addition to the proposed
clinical dose, to evaluate the likelihood of success. In our experience, we
estimate that, for an orally dosed drug containing a CF; moiety, a '°F
NMR study could be considered for doses above 50 mg provided factors
discussed above are also taken into consideration.
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