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Determination of the Relative
Prevalence of Lurasidone
Metabolites in Urine Using
Untargeted HRMS

Lurasidone is an atypical antipsychotic that was approved by the FDA in 2010 to treat bipolar depres-
sion and schizophrenia. Like other antipsychotics, adherence to lurasidone is critical for successful
disease treatment. Thus, therapeutic drug monitoring (blood testing) is often employed by clinicians
to monitor adherence. Urine drug testing, with its advantages over blood testing, is another method
used to confirm medication adherence. However, analytes used in blood testing are often very dif-
ferent than those used for testing in urine, where nonactive metabolites are often most prevalent.
Choosing metabolites in urine that are relatively prevalent affords optimal method sensitivity, and thus
improved testing results for adherence. To ensure optimal lurasidone adherence testing, an untargeted
high-resolution mass spectrometry method was employed, using known positive human urine sam-
ples to identify the lurasidone metabolites and their relative abundance in urine. This testing identified
a different primary urine metabolite from what has been reported in blood. The higher prevalence of

this metabolite will improve lurasidone urine adherence monitoring.

Erin C. Strickland, Jeffrey R. Enders, and Gregory L. Mcintire

edication monitoring has become increasingly important

for successful treatment of patients with mental health

diseases because adherence to treatment is generally poor,
especially in the schizophrenic population (1-8). Urine has become
an alternative to blood or plasma medication monitoring due to its
noninvasive nature and ease of collection. Whereas blood or plasma
drug testing usually involves the identification and quantitation of
the parent compound or active metabolites, or both, the success of
urine drug testing (UDT) is largely dependent on analysis of any
metabolites of the parent compound. Although the parent com-
pounds may be present in urine, often they are at very low concen-
trations relative to metabolites, and therefore do not provide the
sensitivity required for medication monitoring. Urine metabolites
are often predicted from identification in blood, plasma, or specific
testing methods, such as gas chromatography—mass spectrometry
(GC-MS), extractions, radioactivity, and using in vitro or animal
samples. However, it has been shown that these methods are not
always successful in identifying the most abundant urinary me-

tabolite (9-12). Without suitable metabolites to test, a negative UDT
result could prompt a clinician to alter treatment for a patient when
treatment need not be altered. Therefore, a generic, untargeted ap-
proach is useful for the successful identification of urinary metab-
olites suitable for highly sensitive medication monitoring. Liquid
chromatography-high resolution mass spectrometry (LC-HRMS)
provides a sensitive and nonspecific detection method for setting up
such an experiment.

Lurasidone (Latuda) is an atypical antipsychotic that was ap-
proved for the treatment of acute symptoms of schizophrenia
(13,14) and bipolar depression (15,16) in 2010 and 2013, respec-
tively. It is commercially available as 20 mg, 40 mg, 60 mg, 80 mg,
and 120 mg tablets, and is typically prescribed or administered at
40 or 80 mg per day. It is absorbed after oral administration with
a bioavailability of 9-19%. Dosing is designed to be with food,
which can increase the bioavailability by 100%. The mean elim-
ination half-life is 18 h. Steady state serum concentrations for lur-
asidone are typically achieved after seven days of dosing (17-20).
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Table I: Structure of lurasidone and select metabolites
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Figure 1: Fragmentation data from sample 8 Identified M8-M9-M10 Peak.

Lurasidone is metabolized in the liver pri-
marily by CYP3A4. Metabolism includes
oxidative N-dealkylation, hydroxylation
of the norborane ring, S-oxidation, and
reductive cleavage of the isothiazole ring,
followed by S-methylation. Nearly two
dozen metabolites of lurasidone have been
previously identified, and only ~9% of the
dose is excreted in urine (17-20). Typically,
adherence to lurasidone therapy is moni-
tored by evaluating levels of lurasidone and
M11/ID-20219 (one of its metabolites) that
were each predicted to be present in urine
at approximately 12 and 24%, respectively.
The structures for lurasidone and many of
the confirmed metabolite structures can be
seen in Table L.

Previously, we reported the identifica-
tion of novel metabolites for monitoring
aripiprazole, brexpiprazole, haloperidol,
and quetiapine in urine that were not orig-
inally predicted (9-12). Because there are
some similarities of these antipsychotics
to lurasidone, we decided to determine if
the urinary lurasidone compound(s) pre-
dicted from plasma studies were indeed
the most abundant prior to development
of a confirmation method. This work re-
ports the identification of lurasidone and
prevalent lurasidone metabolites in urine
using LC-HRMS from patients prescribed
lurasidone. Additionally, confirmation of
the most prominent metabolites was tested
in a validated, targeted, quantitative liquid
chromatography-tandem mass spectrom-
etry method (LC-MS/MS), which are at
odds with current reports of urine metab-
olites (17-20).

Experimental

Chemicals

Lurasidone, lurasidone-dg, and hydroco-
done-d, were purchased from Cerilliant
(Round Rock, Texas). Hydroxylurasidone
was a custom synthesis product purchased

from 3C Molecular (Greensboro, North
Carolina). All solvents, including methanol
(optima grade), formic acid (88%), acetoni-
trile (optima grade), ammonium acetate
(optima grade), and isopropanol (optima
grade), were purchased from VWR (Rad-
nor, Pennsylvania, USA). Drug-free human
urine was acquired from UTAK Laborato-
ries (Valencia, California). Standards for
S-methyl lurasidone and S-methyl hydroxy-
lurasidone were not commercially available,
and synthesis requests were unsuccessful.

Sample Sets

Identification of lurasidone metabolites
using LC-HRMS was completed on 13
authentic urine samples from patients
who were prescribed the medication.
After metabolite identification was com-
plete, an LC-MS/MS confirmation was
validated. An additional 56 patients were
prescribed lurasidone at different doses,
with specimens collected over three sepa-
rate days for each patient used to confirm
the accuracy of the method. These sam-
ples were provided voluntarily, and anon-
ymously, to assist with the development
of alurasidone confirmation method. No
identifying or demographic information
was collected on these volunteers, other
than the prescribed lurasidone dose.
There was an alphanumeric code from
the clinic that was provided to track the
patients who provided samples over the
course of the three separate days. None
of the results were shared with the clini-
cian to assist with treatment. Ameritox
is accredited by the College of Ameri-
can Pathologists (CAP) and abides by
CAP, Clinical Laboratory Improvement
Amendments (CLIA), and Health In-
surance Portability and Accountability
Act (HIPAA) requirements. Due to the
secondary analysis nature of this work
and the absence of clinical conclusions,

neither the United States Food and Drug
Administration (FDA) nor other clinical
trial review or approval was obtained by
Ameritox. Writing this manuscript did
not involve human subjects, as defined
by the U.S. Code of Federal Regulations
(45 CFR 46.102); thus, an Institutional Re-
view Board (IRB) approval of these spe-
cific research activities was unnecessary.

LC-HRMS Sample

Preparation and Analysis

Thirteen patient urine specimens (100 uL)
were diluted 5X with 400 uL of a reference
standard, (0.25 ug/mL of hydrocodone-d,
in water). Hydrocodone-d, was used as
an internal reference standard for all LC-
HRMS injections, to guarantee successful
injection of the sample, and provide a re-
tention time marker. Prepared samples
were injected (5 pL) and separated on a
Phenomenex Kinetex Phenyl-Hexyl, 2.1
x 50-mm, 2.6-pm column (Torrance,
California) at 50 °C, and analyzed on an
Agilent 6530 Q-TOF (quadrupole time-of-
tlight mass spectrometer) with an Agilent
1290 LC system (Santa Clara, California).
The LC-QTOF method conditions are de-
tailed in a previous publication (12). A lur-
asidone control in drug-free urine (75 ng/
mL) was run, along with the patient sam-
ples, to assist in positive identification of
the parent compound, if present. No other
standards were available or purchased to
assist in identification, until a confirma-
tion method was developed. Each sample
was injected and analyzed twice.

The MS-only data were processed using
Agilent Mass Hunter Qualitative Analysis
and PCDL (Personal Compound Database
and Library) manager software. A data-
base of lurasidone and 11 of its possible
metabolites’ chemical formulas (Table I)
was compiled, and used to search against
the samples. The software matched com-
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Table II: Multiple reaction monitoring (MRM) mode transitions and mass spectrometry (MS) parameters

Analyte Transition” Cone Voltage (v) Collision Energy (v) Dwell Time (s)
493.5432 —166.1404 74 40 0.039
Lurasidone
493.5432 — 177.1344 74 38 0.039
509.6657 — 177.1191 52 44 0.039
Hydroxylurasidone
509.6657 — 182.13 52 46 0.039
509.7 — 166.1404 52 44 0.039
S-methyl lurasidone
509.7 = 177.1191 74 40 0.039
525.7 — 177.1191 52 44 0.039
S-methyl hydroxylurasidone
525.7 — 182.13 52 46 0.039
501.5287 — 120.0698 60 56 0.039
Lurasidone-d8
501.5287 — 166.1375 60 42 0.039
* For each analyte, the first transition is the quantification transition and the second transition is the qualification transition

pounds based on retention time (if avail-
able), mass (+20 parts per million or ppm),
the isotopic distribution pattern, and the
isotopic spacing theoretically derived from
the chemical formula. To be identified as
positive and a potential lurasidone metab-

olite, a compound had to have consistent
retention times across multiple patient
samples when a known retention time was
lacking; otherwise, the retention times had
to be within +0.05 minutes of a control.
The mass accuracy had to be within +20

ppm; and the composite score of the mass
accuracy and isotopic features had to be
>70 (out of a possible 100). Compounds
that had the highest area counts were also
ranked and noted as the most abundant.
To assist with differentiation of struc-
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Table IlI: High resolution mass spectrometry metabolite identification results

Subject 1

Subject 2

Subject 3

Subject 4

Subject 5

Subject 6

Subject 7

Subject 8

Subject 9

Subject 10 |

Subject 12

Subject 13 |

chromatographyonline.com

Green: Highly confident identification, 290 score; Yellow: Moderately confident identification, 270 but <90 score
* indicates top three most abundant, by peak area count, in each replicate.
A blank square indicates no identification was made or the identification was poorly identified, <70 score.

Table IV: LC-MS/MS validation results

Lurasidone

5

5,000

0.9992

0.0

92.1

94.4

92.9

3.5

4.2

4.4

-11.00

None

Hydroxylurasidone

5

5,000

0.9996

0.0

99.6

104.0

100.2

4.3

3.3

2.8

4.30

None

* The linearity results are compiled for all curve points and points that are between curve points, including 5, 10, 25, 50, 100,
250, 500, 1,000, 2,500, and 5,000 ng/mL, each run five times.

t Carryover was tested by running a matrix blank immediately following the ULOL.
¥ Precision and accuracy statistics were calculated by data from three separate concentration standards including 200, 500, and
3,000 ng/mL, 10 replicates each, prepared and run on 3 separate days.
§ Matrix data were calculated by dissolving the standards in normal human normal urine compared with a ‘neat’ preparation in
chromatographic starting conditions (90% 2 mM ammonium acetate + 0.1% formic acid: 10% methanol).

tural isomers, such as M8/M9 and M10,
fragmentation spectra were obtained and
reviewed to identify which isomer was
present at an identified metabolite peak,

as needed.

LC-MS/MS Sample
Preparation and Analysis
Hydroxylurasidone was received as a neat
solid that was dissolved into methanol at a

concentration of 1 mg/mL, and lurasidone

was received as a 100 pg/mL methanolic
standard. Hydroxylurasidone and lurasi-
done were combined and diluted into a
methanolic stock that was then further di-
luted into normal, drug-free human urine,
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Table V: Prescribed lurasidone patient results from LC-MS/MS quantitative method

Prescribed lurasidone dose
Compound Statistics 20mg/ | 40 mg/ | 60 mg/ | 80 mg/ | 100 mg/ | 120 mg/
day day day day day day
Number of patients 19 12 2 15 1 6
n* 50 33 6 45 3 16
Minimum concentration 57 72 156 101 625 12.4
(ng/mL)
. Median Concentration (ng/mL) 12.5 33.1 31.1 70 64.5 73.6
Lurasidone
Average concentration (ng/mL) 18.4 44.2 30.3 120.3 74 95.4
Maximum concentration (ng/mL) 149 192.1 50.5 556.6 94.9 260.1
Number of tests < LOQ 7 3 0 3 0 0
% Positive 86% 91% 100% 93% 100% 100%
Number of patients 19 12 2 15 1 6
n* 50 33 6 45 3 16
Minimum concentration 6.1 5.2 6.3 1.8 153.9 7.8
(ng/mL)
. Median concentration (ng/mL) 22.9 50.9 40.8 146.8 186.4 146.3
Hydroxylurasidone
Average concentration (ng/mL) 43.7 91.9 43.6 220.3 176.2 171.2
Maximum concentration (ng/mL) 456.1 586.5 93.5 897.1 188.4 586.3
Number of tests < LOQ 5 1 0 3 0 0
% Positive 90% 97% 100% 93% 100% 100%
Number of patients 19 12 2 15 1 6
n* 50 33 6 45 3 16
Minimum concentration (ng/mL) 1 31.5 31.9 29 1032.3 81.6
S-Methyl lurasidone Median concentration (ng/mL) 60.6 252.6 186.4 1014.4 1404.7 607.6
(M21)**
Average concentration (ng/mL) 102.4 407.5 185.4 1835.6 1345.5 1250.6
Maximum concentration (ng/mL) 637.9 2766 324 9603.9 1599.4 6580.7
Number of tests < LOQ 0 0 0 2 0 0
% Positive 100% 100% 100% 96% 100% 100%
Number of patients 19 12 2 15 1 6
n* 50 33 6 45 3 16
Minimum concentration (ng/mL) 5.3 11.5 19.2 15.1 253.8 50.4
S . Median concentration (ng/mL) 34.3 136.3 142.4 736.5 271.2 327.7
hydroxylurasidone
(M22) Average concentration (ng/mL) 61 306.1 149.3 1026.9 327.2 853.9
Maximum concentration (ng/mL) 365.9 2285.4 266.7 6401.5 456.6 4807.4
Number of tests < LOQ 3 0 0 2 0 0
% Positive 94% 100% 100% 96% 100% 100%
*n represents the number of patients times the three separate collection days for each patient as a total number of tests
performed. Any specimen that failed to meet specimen validity requirements (specific gravity, pH, creatinine) is excluded from
the total number of tests.
**Concentrations for S-methyl lurasidone and S-methyl hydroxylurasidone are estimated from the lurasidone calibration curve.
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to reach the appropriate calibrator (5, 25,
100, 500, and 1000 ng/mL) and quality
control levels (75 ng/mL). Lurasidone-d8,
1 mg/mL methanolic stock, was diluted
to 900 ng/mL in 0.1% formic acid in water
solution. A 100 pL aliquot of the sample (pa-
tient sample, calibrator, or quality control
stock) and 400 pL of lurasidone-d8 internal
standard in 0.1% formic acid were added to
avial. Vials were then capped and vortexed
for 10 s prior to injection of 5 uL.

Samples were analyzed by LC-MS/MS
on a Waters Acquity UPLC Xevo TQ-MS
system (Waters Corporation, Milford,
Massachusetts), a Waters Acquity UPLC
CSH Phenyl-Hexyl 2.1 x 50-mm, 1.7-pm
UPLC column. The LC method and MS
conditions can be found in Strickland and
associates (12). Analyte transitions are listed
in Table IL. The acquisition method was run
in dynamic multiple reaction monitoring
(MRM) mode, in order to maximize the
number of points across the various ana-
lyte peaks. The validation of this method
followed CAP and CLIA guidelines (21-25),
and an internal SOP (standard operating
procedure) that has been described in detail
elsewhere (26). It should be noted that, due
to the lack of standards for S-methyl lurasi-
done and S-methyl hydroxylurasidone, they
were unable to be validated, and estimates
of their concentration were made by com-
paring the quantiative peak area ratio to the
lurasidone calibration curve. These com-
pounds were included as a proof of concept,
to show their estimated prevalence and rela-
tive importance for lurasidone compliance
in UDT for when standards might be avail-
able. Also, due to the lack of standards, the
transition parameters were estimated from
hydroxylurasidone and are not optimized.

Results

The metabolite identification from the 13
patients analyzed by LC-QTOF can be seen
in Table ITI. Compounds identified with
the highest confidence (>90%) are high-
lighted in green, while less confident (>70%
but <90%) compounds are highlighted in
yellow. The three most abundant com-
pounds for each specimen and replicate are
noted with a star-asterisk in the respective
square. For unidentified or not confidently
identified compounds (<70%) for a given
specimen replicate, the field is blank. It is
clear that, although lurasidone was identi-
fied in almost all of the samples, it was not

consistently among the most abundantly
identified compounds. Metabolite M11,
the predicted major metabolite, was rarely
confidently detected in these samples. In-
stead of lurasidone and M11, metabolites
M21 (S-methyl lurasidone), M22 (S-methyl
hydroxylurasidone), and isomer M8/M9
(hydroxylurasidone), or isomer M10 (lur-
asidone sulfoxide), were frequently detected.
To determine whether hydroxylurasidone
or the lurasidone sulfoxide (isomers) was
present, the collected fragmentation data
from the QTOF were analyzed, and are
shown in Figure 1. The identification of a
peak at m/z 182 (red circle in Figure 1) con-
tirmed the isomer as hydroxylurasidone by
indicating a fragmentation of the hydroxyl-
ated norborane ring. If the identity was the
lurasidone sulfoxide, expected fragmenta-
tion peaks of m/z 152 or 237 from the ox-
idized sulfur atom on the isothiazole ring
structure would be present. Additionally,
the unhydroxylated norborane ring would
have an expected m/z of 166. The absence
of those expected peaks (m/z 152, 237, and
166) in the spectra confirms the identity of
the metabolite as hydroxylurasidone, and
a custom synthesis of the molecule was re-
quested to validate a confirmation method.
S-methyl lurasidone and S-methyl hydrox-
ylurasidone were also requested as custom
synthesis products, but attempts to synthe-
size for the method were unsuccessful.
Upon receiving the hydroxylurasidone
standard, an LC-MS/MS method was
developed and validated. The results of
validation of lurasidone and hydroxylur-
asidone are shown in Table IV. Although
S-methyl lurasidone and S-methyl hydrox-
ylurasidone were included in the method,
without standards, validation was unable
to be completed, and is the reason for their
exclusion from Table IV. To ensure the
ability to successfully detect and quan-
tify lurasidone and hydr