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Background: Duvelisib (DUV) is a new oral phosphoinositide-3-kinase (PI13K)-6 and PI3K-
v inhibitor. It has been recently granted an accelerated approval for treatment of adult patients
with relapsed or refractory chronic lymphocytic leukemia (CLL) and small lymphocytic
lymphoma (SLL). It is also effective in therapy of T-cell lymphoma, solid tumors, and non-
Hodgkin’s lymphoma. In literature, there is no method valid for quantitation of DUV in
human plasma for its therapeutic monitoring and pharmacokinetic studies.

Purpose: The purpose of this study is the establishment of a highly sensitive HPLC method
with fluorescence detection for quantitation of DUV in plasma for its therapeutic monitoring
and pharmacokinetic studies of DUV.

Methods: The resolution of DUV and the internal standard (IS) olaparib (OLA) was
achieved on Nucleosil CN column, with a mobile phase composed of acetonitrile:water
(25:75, v/v) at a flow rate of 1.7 mL min'. The fluorescence of both DUV and OLA was
detected at 410 nm after excitation at 280 nm. The method was validated according to the
guidelines of bioanalytical method validation.

Results: The method was linear in the range of 5-100 ng mL™", and its limit of detection
(LOD) and limit of quantitation (LOQ) were 2.12 ng mL™" and 7 ng mL™", respectively. The
precisions of the method were < 8.26%, and its accuracies were > 95.32%. All the other
validation parameters were satisfactory. The proposed method was successfully employed to
the investigation of the pharmacokinetic profile of DUV in rats following a 25 mg/kg single
dose of oral administration.

Conclusion: The method is characterized with high sensitivity, accuracy, simple sample
pretreatment, rapidity, eco-friendly as it consumes low volumes of organic solvent in the
mobile phase and has high analysis throughput as its run time was short (~ 10 min).
Keywords: leukemia, phosphoinositide-3-kinase, duvelisib, DUV, human plasma,
therapeutic drug monitoring, pharmacokinetic study

Introduction

Leukemia is a type of cancer that starts in blood-forming tissue (e.g., bone marrow).
Chronic lymphocytic leukemia (CLL) is a hematologic malignancy characterized by an
overproduction of B-lymphocytes which are the immature lymphoid stem cells.' Small
lymphocytic lymphoma (SLL) is a disease that is very similar to CLL; therefore, their
names are often used interchangeably.'~ Standard treatment for CLL and SLL include
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chemotherapy with various agents administered individually
or in combination and immunotherapy. These therapies
include nucleoside analogues, alkylating agents, immunomo-
dulatory-antiangiogenic agents and monoclonal antibodies.
Some of these regimes have overall response rates of > 90%,
and their median survival is > 10 years; however, eventual
relapse occurs with reduced response rates and survival
duration.®* This necessitates the discovery of new effective
and safe drugs with innovative ways of action.

Phosphoinositide 3-kinase (PI3K) is a lipid kinase
involved in the intracellular signal transduction. The catalytic
subunit of PI3K exists in four isoforms: a, B, & and y.>°
Inhibition of both PI3K-§ and PI3K- y cause blockade in
the tumor microenvironment-mediated malignant -cell pro-
liferation and migration.”® Also, inhibition of both PI3K-8
and PI3K-y has complementary dual isoform contributions to
tumor growth and survival.'”'" Accordingly, dual inhibition
of PI3K- 0 and y may enhance the therapeutic benefits in
patients with lymphoid malignancies.'? The proven role of
PI3K-5 and PI3K-y in hematologic malignancies has trig-
gered the recent development of class-specific inhibitors of
PI3K for use as anticancer agents.'' Idelalisib is the first-in-
class of PI3Kd inhibitors for treatment of CLL (in combina-
tion with rituximab), relapsed follicular lymphoma, and
relapsed SLL (as monotherapy). Furthermore, it was
approved as first-line therapy for poor-prognosis CLL with
17p deletions or TP53 mutations and in patients unsuitable
for chemoimmunotherapy.'? Duvelisib (DUV; also known as
IPI-145) is chemically named as: 8-chloro-2-phenyl-3-[(1S)-
1-(7H-purin-6-ylamino)ethyl]isoquinolin-1-one. It is a
small-molecule with dual inhibitory action for both PI3K-6
and PI3K-y. It demonstrates selective antiproliferative activ-
ity against leukemia cells.'”> DUV was developed by
Verastem, Inc. (Maryland, USA) and its strong evidence-
based clinical success and overall response rate have led to
its recent (on Sept. 24, 2018) approval by the FDA for
treatment of adult patients with relapsed or refractory CLL
or SLL'* and accelerated approval for treatment of relapsed
or refractory follicular lymphoma.'> DUV has also potential
activity on T-cell lymphoma.'*'> DUV is marketed under the
trade name, Copiktra® (Verastem, Inc., USA). The recom-
mended dose is 25 mg administered as oral capsules twice
daily with a treatment cycle of 28 days.'*

Effective and safe therapy with DUV depends on the
quality of its dosage form (Copiktra® capsules) and the assess-
ment of its plasma concentrations in patients during therapy.
Ch et al'® described HPLC method with photodiode array
detector for estimation and stability assessment of DUV in a

laboratory-made synthetic mixture. Siddesh et al'” described
HPLC with UV detection for estimation of DUV in rat plasma;
however, the method involved tedious liquid-liquid extraction
process, and its accuracy was ~ 88%. Nigade et al'® described
UPLC-MS/MS method for prediction of tissue-to-plasma dis-
tribution ratios of basic compounds including DUV in mice;
however, this method involved time-consuming sample pre-
treatment procedures and long run time to achieve a full
chromatographic separation of DUV from the other co-admi-
nistered compounds. Recently, Shao et al'® described UPLC-
MS/MS method for determination of DUV in beagle dogs with
high sensitivity (0.5 ng mL ") and better accuracy (86.3% to
94.9%). It is obvious from this review that none of the existing
methods was not validated for therapeutic monitoring of DUV
in human plasma during patient therapy, and also, these meth-
ods rely on instrumental intensive LC-MS/MS. For these
reasons, there is an urgent need for new alternative method
for determination of DUV in human plasma samples with high
sensitivity, simple extraction procedure and enhanced accu-
racy. HPLC with fluorescence detection (HPLC-FD) has been
used as a sensitive and less costly alternative approach than
LC-MS-MS.

In this study, we developed and validated a highly sensi-
tive HPLC method with fluorescence detection (HPLC-FD)
for quantitation of DUV in plasma samples with LOQ of 7 ng
mL". The method involved a very simple quick non-extrac-
tive preparation of plasma samples using protein precipita-
tion with methanol. The method was successfully applied to
the determination of DUV in human plasma samples and to
pharmacokinetic studies of DUV in rats.

Methods

Materials and Experimental Animals

DUV and olaparib (OLA) were purchased from LC
Laboratories (Woburn, USA); their purities were >99%.
Human plasma was obtained from the Blood Bank of King
Khalid University Hospital (Riyadh, Saudi Arabia), and it
was stored in freezer at —20 °C until analysis. All solvents
were of HPLC grade (Merck, Darmstadt, Germany). All
other materials were of analytical grade.

Healthy male Wistar rats weighing 250 + 30 g were
obtained from the animal facility of College of Pharmacy at
King Saud University (Riyadh, Saudi Arabia). Daily obser-
vation of all rats was done to ensure that all animals main-
tained good health. The rats were placed in cages kept at
standard laboratory conditions; a well-ventilated room, a
regular 12 h day-night cycle, an average temperature of
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24-27°C, and a relative humidity of 40—60%. All the rats had
free access to water while diet was prohibited for 12 h before
conducting the experiment. The rats were acclimatized for 7
days to laboratory conditions before initiating the study.

Preparation of DUV and OLA Standard

Solutions

An accurately weighed amounts (5 mg) of each DUV and
OLA (IS) were separately transferred into a 5-mL cali-
brated flask, dissolved in acetonitrile and completed to
volume with the same solvent to produce stock solutions
of 1.0 mg mL™". These solutions were further diluted with
the mobile phase to obtain working standard solutions of
1000 and 10,000 ng mL™" for DUV and OLA, respectively.

Preparation of Calibration Standards and

Quality Control Samples

The calibration standards were prepared by spiking blank
human plasma with DUV and OLA (IS) to yield final con-
centrations of DUV in the range of 5-100 ng mL ™" and a
fixed concentration of OLA (250 ng mL ") in all the solu-
tions. The plasma samples were mixed with equal volumes of
methanol, vortexed for 30 seconds, and centrifuged for 10
min at 13,000 rpm by Biofuge Pico centrifuge (Heraeus
Instruments, Germany). The supernatants were withdrawn
using syringes fitted with 0.2 pum Millipore filters. Each
sample (10 pL) was injected into the HPLC system.

Quality control (QC) samples at four different levels; 7
ng mL™' (the limit of quantitation [LOQ]), lower quality
control (LQC) 20 ng mL™" (LQC is ~ three times of the
LOQ); medium quality control (MQC) 60 ng mL™"' and
high quality control (HQC) 80 ng mL™'. QC samples of
DUV were prepared in the same manner as the calibration
standards and stored in the refrigerator until use. The
samples were analyzed on different days and the system
suitability parameters were evaluated each working day.

HPLC System and Analysis Conditions

HPLC system (Shimadzu Corporation, Kyoto, Japan)
equipped with auto-sampler and fluorescence detector (set
at Aex 280 nm and A, at 410 nm). HPLC column was
Nucleosil CN (250 mm length x 4.6 mm i.d., 5 um particle
diameter) manufactured by Macherey-Nagel GmbH & Co.
(Diiren, Germany), connected to a guard column. The col-
umn temperature was kept constant at 25 + 2 °C.
Chromatographic resolutions were conducted in an isocratic
mode with a mobile phase composed of acetonitrile:water

(25:75, v/v) delivered at flow rate of 1.7 mL min™". Aliquots
(10 pL) of the sample (standards, blank plasma, blank plasma
spiked with OLA [IS] or blank plasma spiked with both DUV
and OLA) were injected into the HPLC system by the auto-
sampler. The fluorescence detector was set at 280 nm as an
excitation wavelength and 410 nm as an emission wave-
length. The data was acquisitioned by CLASS-VP software,
version 5.032 (Shimadzu Corporation, Kyoto, Japan). The
relation between the peak area ratio of DUV to OLA peaks
(Y-axis) and the DUV concentration (X-axis) was used as the
basis for the quantification. The regression equation was
derived and used for determination of DUV in its samples.

Method Validation Procedure

The proposed HPLC-FD method was fully validated as per
required by ICH guidelines of validation of bioanalytical
procedure” to ensure acceptability of the method in terms
of its linearity, sensitivity, precision, accuracy, selectivity,
robustness, ruggedness, and stability of DUV in its samples.
Linearity was tested by generating three independent cali-
bration curves and derivation of the regression equations
and the correlation coefficients of the calibration lines.

Assessment of Linearity and Sensitivity
The value of correlation coefficient of the calibration line
was used to express the extent of method linearity. The
sensitivity was expressed as LOD and LOQ. The formula
used was: LOD or LOQ = xSDa/b, where x = 3.3 for LOD
and 10 for LOQ, SDa is the standard deviation (SD) of the
intercept, and b is the slope of the calibration line.

Determination of Precision and Accuracy
Intra-day precision and accuracy were estimated by repli-
cate (n = 6) analysis of each QC sample at four QC levels
(LOQ, LQC, MQC and HQC) as a batch in a single run.
The inter-day precision and accuracy were estimated by
replicate (n = 3) analysis of each QC sample at each level
on 3 consecutive days. The precisions were expressed as
percentages of the relative standard deviation (RSD, %),
and the accuracies were expressed percentages of the
recovery values (recovery, %).

Determination of Method Selectivity and
Chromatographic Parameters

The method selectivity was assessed by conducting blank
experiments (DUV-free human plasma samples) to iden-
tify any peaks originated by possible biogenic plasma
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components. The chromatographic performance para-
meters (capacity factor, retention time, and peak areas)
were determined, and their acceptability was evaluated as
per the guidelines. The capacity factor (k”) for both DUV
and OLA (IS) was calculated by the formula: k’ = (tg— to)/
to; where tg and t are the retention times of the peak of
interest and the solvent front, respectively. The separation
factor or selectivity (o) was estimated by the formula: o =
k’2/k’1; where k’1 and k’2 are retention factors of IS and
DUV, respectively. Useful and practical measurement of
the peak asymmetry factor was calculated at 10% of peak
height. The resolution factor (Rs) was calculated by the
formula: Rs = (t, —t;)/0.5 (w,+w,); where t, and t; are the
retention of DUV and OLA peaks and w, and w; are the
peak width that were obtained from the intersection of the
tangent with the base line of DUV and OLA. The column
plate number was determined using the formula: N = 16
(tg/w)*; where w is the peak width.

Assessment of Method Robustness and
Ruggedness

To assess the method robustness, minor changes in the
method conditions (mobile phase composition and flow
rate) were made and the effects of these changes on the
method recovery and precision was checked. To assess the
method ruggedness, the operating conditions of the method
was applied to the analysis of DUV on two different HPLC
instruments at two different laboratories and different

elapsed times. Results were expressed as RSD (%).

Stability Studies of DUV in Samples

Stability of DUV at different conditions and places (auto-
sampler, bench-top, freeze-thaw and long-term) studies were
evaluated. For studying the autosampler stability, QC sam-
ples were stored for ~48 h under autosampler conditions and
then subjected to analysis. For studying the bench-top stabi-
lity, plasma samples were kept at room temperature for ~6 h.
For freeze-thaw stability, three cycles of freeze (at —80 °C)—
thaw (at room temperature) was performed. For studying the
long-term stability, Samples were kept at —80°C for 60 days
and then subjected to analysis. For the stability of stock
solutions and working solutions of DUV and OLA, they
were kept at room temperature for 24 h and in the refrigerator
temperature (below 10°C) for 30 days prior to analysis.
Freshly spiked calibration standards were used to perform
all the stability tests. If the deviation was within +£15% from

the mean calculated concentration of stability QC, the sam-
ples were considered stable in plasma.

Pharmacokinetic Study in the Rats

Five healthy male Wistar rats, weighing 250 + 30 g, were
housed at room temperature (25°C) and at an average rela-
tive humidity of 50%. Animal were administered DUV (25
mg/kg) dissolved in 1% dimethyl sulfoxide/saline through
oral gavage. Blood samples (~ 300 puL) were collected prior
to dosing and at predetermined time points after drug
administration at 0.5, 1, 2, 3, 4, 6, and 8 h into heparinized
tubes. Plasma was separated from blood samples by centri-
fugation at 4500 rpm and 4°C for 30 minutes and stored at
—20°C until the time of analysis. The animal study has
strictly followed the guidelines of the Research Ethics
Committee (RCE) for conducting studies on living crea-
tures at King Saud University (Riyadh, Saudi Arabia) with
reference No: KSU-SE-20-51.

Statistical Analysis

The statistical analysis was performed by Microsoft Excel
Software, version 2018, of the Microsoft Office 365
(Microsoft Corporation, Redmond, Washington, USA).
All values were given as mean + SD or relative standard
deviation (RSD). Regression analysis of the calibration
line of the HPLC-FD method was performed by Data
Analysis Package embedded in the Excel Software at a
probability value (p value) < 0.05. Analysis included the
calculation of the line’s parameters which included the
intercept, slope, correlation coefficient, and variance.

The pharmacokinetic parameters were determined by
the non-compartmental model using WinNonlin software
(Pharsight Co., Mountain View, CA, USA). Area under the
curve, zero to last and infinity (AUC0-24; AUCO0-0), the
maximum plasma concentration (C,,.x), time to achieve this
concentration (T,.x), half-life (T2) and mean residence
time (MRT) parameters were calculated. Means, SDs and
RSD values (%) were calculated by utilizing Microsoft-
Excel 2013 (Microsoft Corporation, Washington, USA).

Results and Discussion
Background and Strategy for Method

Development

Since the development of DUV and its clinical success in
treatment of CLL and SLL, it has been attracting the interest
of researchers in different places of the world to expand its
use in the therapy of T-cell lymphoma,?' solid tumors,* and
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non-Hodgkin’s lymphoma.”® High frequency of adverse
events leading to treatment discontinuation was reported in
patients treated with DUV. The quantification of DUV in
plasma samples could be useful to determine drug plasmatic
concentration even in patients reducing DUV dosage due to
adverse events. Furthermore, the relation between plasmatic
levels and occurrence of adverse events is of potential inter-
est for drug management in clinical practice. Therefore,
pharmacokinetic information of DUV is important for its
dosing optimization for safe and effective therapy.
Accordingly, determining and monitoring the plasma con-
centrations of DUV is necessary. Few bioanalytical methods
are existing for the determination of DUV,'” ' and these
methods are characterized by poor sensitivity, low accuracy
and/or based on LC-MS/MS which is expensive and not
available in most clinical laboratories. In addition, none of
these methods was validated for therapeutic monitoring of
DUV. HPLC with fluorescence detection showed comparable
sensitivity and less costly than LC-MS/MS. As expected
from its chemical structure (Figure 1), DUV is a fluorescent
molecule, and thus the present study was aimed to use its
native fluorescence in the development of a sensitive HPLC-
FD method for quantitation of DUV in human plasma sam-

ples. In previous studies,* °

our laboratory has successfully
developed simple non-extractive procedures for HPLC ana-
lysis of some pharmaceuticals in plasma samples. Therefore,
this non-extractive procedure was employed in the develop-

ment of the HPLC-FD method described herein.

Optimization of the HPLC-FD Conditions

It was found that DUV exhibits native fluorescence
(Figure 2), therefore its native fluorescence was attempted
for its detection in the present study. The fluorescence

cl O

Duvelisib (DUV)

Figure | The chemical structures of duvelisib (DUV) and olaparib (OLA).

spectra (excitation and emission) of DUV indicated that
it exhibits maximum fluorescence intensity at 410 nm after
excitation at 280 nm (Figure 2). A currently going study in
our laboratory showed that OLA is a highly fluorescent
molecule and it exhibits a significant fluorescence emis-
sion at the emission wavelength of DUV (Figure 2). For
this reason, OLA was considered as an internal standard
(IS) in the HPLC-FD method described herein.
Optimization of chromatographic conditions aimed to
the establishment of the most appropriate mobile phase,
column and flow rate. The separation was started in iso-
cratic elution on C18 column (150 mm length x 3.9 mm i.
d., 5 pm particle diameter) connected to a guard column.
The column temperature was kept constant at 25 + 2 °C.
Experiments for separations were conducted using mobile
phases composed of acetonitrile:water (50:50, v/v) and a
flow rate of 1.5 mL min'. Under these preliminary con-
ditions, the run time was fairly long for application in
therapeutic monitoring of DUV (run time was ~ 20 min
and DUV was eluted at 16.5 min). This slow elution was
attributed to the high lipophilic nature of DUV, thus, more
polar cyano (CN) column was used instead and the com-
position of the mobile phase was changed to be acetoni-
(40:20:40, Under
conditions, the elution of DUV was significantly enhanced

trile:methanol:water v/v). these
(retention time of DUV was ~ 4 min); however, it was not
adequately resolved from the IS (OLA). For obtaining the
best resolution, different mobile phase compositions were
tested along with variations in their flow rates. The best
resolution with good peak shape was realized when the

mobile phase was acetonitrile:water (25:75, v/v) and the

flow rate was 1.7 mL min .

Olaparib (OLA)
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Figure 2 The excitation and emission spectra of DUV (I and 2, respectively) and
those of OLA (3 and 4, respectively). The concentrations of DUV and OLA were
100 and 50 ng mL™, respectively; solutions were in methanol.

Other reversed phase columns including C18 and phenyl
columns (250 mm length x 4.6 mm i.d., 5 pum particle
diameter; manufactured by Phenomenex USA) were also
tested. Nucleosil CN (250 mm length x 4.6 mm i.d., 5 um
particle diameter) manufactured by Macherey-Nagel GmbH
& Co. (Diiren, Germany) gave the best chromatographic
resolution, thus it was selected for all the subsequent work.
Under these conditions a good resolution between DUV and
OLA was achieved in a short run time (~10 min); OLA and
DUV were eluted as sharp narrow symmetric peaks at 5.1
and 7.7 min, respectively (Figure 3). The system suitability
and effectiveness were assessed and the chromatographic
parameters (capacity factor, separation factor, resolution fac-
tor, peak symmetry factor, and number of effective theore-
tical plates) were measured; the results are given in Table 1.

Validation of the Proposed HPLC-FD
Method

Selectivity and Carryover

The selectivity of the proposed bioanalytical HPLC-FD
method was assessed by screening blank DUV-free
human plasma samples. Figure 4 showed representative
chromatograms at four different conditions as follows: a
DUV-free sample (no DUV, no IS), a sample from blank
plasma spiked with IS at a concentration of (250 ng mL™"),
a sample from blank plasma spiked with both DUV at the
LOQ concentration (7 ng mL ") and IS at a concentration
of (250 ng mL "), sample from blank plasma spiked with
both DUV at a concentration (60 ng mL ") and IS at a
concentration of (250 ng mL™"). As shown in Figure 4, no
apparent interfering peaks were found at the corresponding

T
0 5 10 15
Time (min)

Figure 3 The chromatogram standard solutions of DUV and OLA (internal stan-
dard). The concentrations of OLA and DUV 250 and 60 ng mL ™', respectively.

retention times of both DUV and IS. In addition, no carry-
over was observed for either DUV or IS in plasma sam-
ples, as evident from the absence of any interference peaks
following injection of LOQ-containing plasma samples.

Linearity and Sensitivity

The relation between the peak area ratio of DUV/OLA (on
Y-axis) versus DUV concentration (on X-axis) was found
to be linear with good correlation coefficient (r) which was
found to be 0.9996, in the range of 5-100 ng mL™" of
DUV (Figure 5). The fitting equation of the line was Y =

Table | Chromatographic Parameters for DUV and OLA (IS) by
the Proposed HPLC-FD Method

Parameter Value
Retention time for DUV (min) 77 £02
Retention time of OLA (min) 5.1 +0.1
Capacity factor (K) 5.8l
Separation factor (a) 1.23
Resolution factor (Rs) 2.25
Peak asymmetry factor 1.52
Number of theoretical plates (N) per meter 1157
Linear range (ng mL™") 5-100
Correlation coefficient (r) 0.9996
Intercept 0.1952
Slope 0.2199
Limit of detection, LOD (ng mL™") 2.12
Limit of quantitation, LOQ (ng mL™") 7

Abbreviations: DUV, duvelisib; OLA, olaparib; HPLC-FD, high performance liquid
chromatography with fluorescence detection.
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Figure 4 Representative chromatograms from (A) blank DUV-free human plasma, (B) plasma spiked with OLA (250 ng mL "), (C) plasma spiked with OLA (250 ng mL™")
and DUV (7 ng mL™'; LOQ), and (D) plasma spiked with OLA (250 ng mL™') and DUV (60 ng mL™"). mV is the detector response in millivolts.

0.1952 +0.2199 X. The RSD values of all points were less
than 8% (Figure 5). The LOD and LOQ were calculated
and found to be 2.12 and 7 ng mL™', respectively.

Accuracy and Precision
The results of both
(expressed as recovery, %) and precisions (expressed as
RSD, %) of QC samples in plasma were summarized in
Table 2. Intra-day recovery values were in the range of
95.32-103.22% (with a mean value of 99.01 + 3.28%)
whereas those of the inter-day were in the range of
96.11-104.38% (with a mean value of 99.89 + 4.24%).

intra- and inter-day accuracy

These good recovery values confirmed the accuracy of the
method. The RSD values in the intra- and inter-day preci-
sions were in the range of 1.04-7.09 and 1.36-8.26%,
respectively. These results proved that the HPLC-FD
method has acceptable precision.

Robustness and Ruggedness

As shown in Table 3, the minor changes in the operating
conditions of the HPLC-FD method did not alter the
accuracy and precision of the method as revealed from
the recovery values (97.45-103.29%) and the RSD did not
exceed 5.58%. In ruggedness evaluation, the recovery
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25 10 Table 3 Robustness and Ruggedness Study of the Proposed
HPLC-FD Method for Determination of DUV in Human Plasma
Sampl
- . amples
- Y =0.2199X + 0.1952 Parameters Recovery (% * RSD)*
° r=0.9996
-; 15 ¢ g Robustness
g o
= 2 Ratio of acetonitrile:water
S 10 K
4 20:80 97.45 £ 3.36
35:65 98.5] £ 5.58
5 2
& A Flow rate (mL min")
" . 1.5 97.96 £ 1.28
0 20 40 60 80 100 120 2.0 103.29 £ 3.47
4
DUV concentration (ng ml-) Ruggedness
Figure 5 The calibration curve (®) and precision profile (A) for determination of Instrument-to-instrument
DUV in plasma by the proposed HPLC-FD method. Instrument-| 104.62 + 3.05
Instrument-2 101.47 £ 2.18
1 0,
values were in the range of 97.82-104.62% and the RSD Analyst-to-analyst
values did not exceed 7.82%, indicating the ruggedness Analyst-1 97.82 + 4.05
and reproducibility of the method. Analyst-2 10247 + 3.18
Stability Studies of DUV in Plasma Samples Daé'm'lday 0119 524
. .. . ay- 19 5.
The results obtained from stability studies of DUV Day-2 99.03 + 7.8

(Table 4) revealed that DUV in spiked human plasma
samples was stable for a minimum of 6 h at room tem-
perature on the bench and 48 h under autosampler storage
conditions. DUV was also found to be stable during the
three freeze—thaw cycles and at —80°C for 60 days. The
stock and working standard solutions of DUV were found
to be stable at refrigerator temperature (at 8°C) for 30
days. These results are evident from the obtained recovery
values that were in the range of 95.54% and the RSD
values did not exceed 7.15%.

Dilution Integrity and Matrix Effect

Plasma samples containing 10-fold high concentration of
QC samples (70, 200, 600 and 800 ng mL ") were diluted
10-fold with the mobile phase and analyzed. The results

Notes: *Values are mean of 3 determinations.
Abbreviations: HPLC-FD, high performance liquid chromatography with fluores-
cence detection; DUV, duvelisib; RSD, relative standard deviation.

(Table 5) showed that the measured concentrations after
10-fold dilution lied within the acceptable limits for accu-
racy and precision, as evident from the good recovery
(96.87-103.24%) and low RSD values (2.42-6.54%).

Pharmacokinetic Study in Rats

To assess the applicability of the developed HPLC-FD
method for the determination of DUV in plasma samples, a
pharmacokinetic study after oral administration of DUV at a
dose of 25 mg/kg was conducted. Rats were selected in this

Table 2 Intra-Assay and Inter-Assay Precision and Accuracy for Determination of DUV in Spiked Human Plasma

Nominal DUV Conc. (ng mL™") Intra-Day® Inter-Day®
Accuracy (%) Precision (RSD%) Accuracy (%) Precision (RSD%)
7 95.32 7.09 96.11 8.26
20 103.22 2.04 102.63 434
60 99.58 1.04 104.38 1.36
80 98.23 2.53 96.44 437
Mean (% + SD) 98.84 + 3.68 99.89 + 4.24

Notes: *Values are mean of 6 replicates; ®Values are average of 9 replicates.
Abbreviations: DUV, duvelisib; RSD, relative standard deviation.
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Table 4 Stability Data of DUV in Human Plasma

Stability Spiked Conc. (ng Recovery (%)? Precision (RSD, %)*
mL™")

Bench top (6 h) 7 98.12 6.25
20 101.35 431
60 99.25 3.29
80 100.36 271

Autosampler (48 h) 7 100.18 7.15
20 96.51 5.84
60 97.54 4.39
80 102.68 3.67

Freeze-thaw (3 cycle) 7 95.54 6.68
20 98.32 442
60 103.43 3.26
80 101.78 2.86

60 days at —80-C 7 105.01 721
20 98.17 5.23
60 97.39 3.15
80 103.80 6.85

30 days at 8:C 7 101.42 5.79
20 100.68 4.58
60 100.09 3.72
80 102.28 2.84

Notes: “Values are mean of 6 determinations.
Abbreviations: DUV, duvelisib; RSD, relative standard deviation.

Table 5 Dilution and Integrity Studies of the Proposed HPLC-FD for Determination of DUV in Spiked Human Plasma Samples

Spiked Concentration® (ng mL™")

Measured Concentration® (ng mL™")

Recovery (% * RSD)P

20 20.24
40 38.90
60 58.12
80 82.59

101.21 £ 4.91
97.25 +242
96.87 + 3.28
103.24 £ 6.54

Notes: “These concentrations after dilution 10-fold with the mobile phase; ®Values are mean of three determinations.
Abbreviations: HPLC-FD, high performance liquid chromatography with fluorescence detection; DUV, duvelisib; RSD, relative standard deviation.

study because they were proved to be the most appropriate
animal model to study human biology due to their high
degree of genomic and physiologic similarities to humans.?’
Pharmacokinetic analyses were performed using non-com-
partmental analysis (NCA) with the aid of Excel 2010,
PKSolver Add-In as described previously.”® The mean
plasma concentration (in ng mL™") versus time (h) profile
of DUV in rats is shown in Figure 6, and the main pharma-
cokinetic parameters explored are summarized in Table 6.
After oral administration of DUV in rats, it was

rapidly absorbed and reached maximum plasma

concentration (Cp,.x) of 4010 = 410 ng mL ™' after 2
h (tnax) and had an eliminated half-life (t’2) of 0.82 h.
The ratios of AUC (AUCO0-t/AUCO0-») were found to
be 0.91%, demonstrating that the present HPLC-FD
method was sensitive sufficient to cover the elimina-
tion phase of DUV. Similar drug plasma profile was
observed in adult patients with advanced hematologic
malignancies after oral administration of DUV as single
dose of 25 mg twice daily. It was reported that DUV
has a rapid absorption, with T,,x of 1 to 2 h, after
administration in human."

Drug Design, Development and Therapy 2021:15
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o
5 2000 4 e Lo
o Abbreviations
1000 | DUV, duvelisib; PI3K, phosphoinositide 3-kinase; CLL,
chronic lymphocytic leukemia; FDA, US Food and Drug

10 12

Time (h)

Figure 6 Concentration-time profile of DUV in rats after single oral gavage
administration at a dose of 25 mg kg'. Concentrations are means of 5 rats  SD.

Conclusion

This study describes, for the first time, the development and
validation of HPLC-FD method for quantitation of DUV in
human plasma samples. The proposed HPLC-FD method
was highly sensitive, quick, and accurate for the measure-
ment of the concentrations of DUV in human plasma sam-
ples. This method had many advantages: the procedure of
sample preparation was very simple as it did not employ
liquid-liquid or solid phase extraction. It was based on only
protein precipitation with methanol. The chromatographic
separation was achieved using the simple isocratic elution
for a short run time (10 min). The proposed HPLC-FD
method is suitable for the accurate quantification of DUV
in human plasma at concentrations as low as 7 ng mL ™" and
has a wide linear range. This proposed novel HPLC-FD
method was also successfully applied to determine the
DUV concentrations in a preclinical pharmacokinetic
study in rats, which were orally treated with DUV at a single

Table 6 The Pharmacokinetic Parameters of DUV in Rat Plasma
After Oral Administration of 25 Mg/Kg

Parameter Unit Value®
Dose mg kg ' 25
AUC 0-t ng/mL*h 9340
AUC 0-e ng/mL*h 10,210
AUC 0-t/0- % 091
Cinax ngmL™' 4010
Trnax h 2

tVs h 0.82
MRT 0- h 2.06

Notes: “Values are mean of five determinations + SD.

Abbreviations: AUC, area under curve; «, infinity; C,.,, maximum concentration;
Tmax time of maximum concentration; t'4, time of 2 concentration; MRT, mean
residence time.

Administration; HPLC, high performance liquid chroma-
tography; FD, fluorescence detection, UPLC, ultraperfor-
mance liquid chromatography; MS/MS, tandem mass
spectrometry; OLA, olaparib; IS, internal standard; ICH,
The International Conference on Harmonization; LOD,
limit of detection; LOQ, limit of quantification; QC, qual-
ity control; RSD, relative standard deviation, AUC, area
under curve.
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