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Abstract

Pomalidomide is a second generation IMiD (immunomodulatory agent) that has recently been
granted approval by the Food and Drug Administration for treatment of relapsed multiple
myeloma after prior treatment with two antimyeloma agents, including lenalidomide and
bortezomib. A simple and robust HPLC assay with fluorescence detection for pomalidomide over
the range of 1-500 ng/mL has been developed for application to pharmacokinetic studies in
ongoing clinical trials in various other malignancies. A liquid-liquid extraction from human
plasma alone or pre-stabilized with 0.1% HCI was performed, using propyl paraben as the internal
standard. From plasma either pre-stabilized with 0.1% HCI or not, the assay was shown to be
selective, sensitive, accurate, precise, and have minimal matrix effects (<20%). Pomalidomide was
stable in plasma through 4 freeze-thaw cycles (<12% change), in plasma at room temperature for
up to 2 hr for samples not pre-stabilized with 0.1% HCI and up to 8 hr in samples pre-stabilized
with 0.1% HCI, 24 hr post-preparation at 4 °C (<2% change), and showed excellent extraction
recovery (~90%). This is the first reported description of the freeze/thaw and plasma stability of
pomalidomide in plasma either pre-stabilized with 0.1% HCI or not. The information presented in
this manuscript is important when performing pharmacokinetic analyses. The method was used to
analyze clinical pharmacokinetics samples obtained after a 5 mg oral dose of pomalidomide. This
relatively simple HPLC-FL assay allows a broader range of laboratories to measure pomalidomide
for application to clinical pharmacokinetics.
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1. Introduction

Pomalidomide is an oral IMiD and, along with lenalidomide, is a second generation analog
of thalidomide. All three compounds directly inhibit angiogenesis at roughly the same
potency [1] and each also inhibits TNF-a, however pomalidomide has up to 50,000x more
potency against TNF-a than thalidomide [2]. Furthermore, pomalidomide was recently
shown to not induce the teratogenic effects in zebrafish and chicken embryos that
thalidomide and lenalidomide are known for [3].

The IMiDs target cereblon, a component of the E3 ubiquitin ligase that down-regulates
interferon regulatory factor 4, which is a crucial factor for myeloma cell survival, and when
inhibited can lead to teratogenicity [4]. Cereblon is encoded by the CRBN gene and low
cereblon expression correlates to lenalidomide and pomalidomide resistance in multiple
myeloma (MM) cells [5]. Pomalidomide can stimulate apoptosis and cell cycle arrest in
MM, as well as enhance natural killer cells and natural killer T lymphocytes [6].
Pomalidomide has activity in myeloma refractory to first line treatments lenalidomide and/or
bortezomib [7]. Pomalidomide was subsequently tested clinically in a MM population [8—
13], in combination with dexamethasone, and was granted accelerated approval by the FDA.
Pomalidomide was approved in July of 2013, for relapsed MM following treatment with two
antimyeloma agents, including lenalidomide and bortezomib, which has demonstrated
disease progression on or within 60 days of completion of the last therapy. Thalidomide and
lenalidomide previously received FDA approval in 2006 for treatment of MM when given in
combination with dexamethasone.

Pomalidomide has also shown in vitro activity in other diseases, such as anemia,
myelofibrosis [14], leukemia [15], lymphoma [16], pancreatic cancer [17], and prostate
cancer [18]. Furthermore, thalidomide has shown activity in Kaposi sarcoma [19],
suggesting that pomalidomide may have potential activity in this tumor as well. Numerous
early-phase clinical trials have begun testing the safety and efficacy of pomalidomide in
many of those cancer types [14, 17, 20-25]. There is much variation in pomalidomide doses
and schedules amongst these clinical trials and thus a need to study pomalidomide
pharmacokinetics in these disease models to ensure safe, efficacious dosing. The literature
has only two references for a pharmacokinetics-oriented bioanalytical assay [26, 27], but
one uses mouse plasma/tissue and the other (in human plasma) does not provide full details
for required stability tests such as freeze/thaw, plasma stability, post-preparative stability,
etc. Therefore, a more robust assay, with useful validation and stability data, to
quantitatively measure pomalidomide in human plasma at clinically relevant concentrations
is greatly needed. Although more stable than thalidomide, pomalidomide is still susceptible
to a clinically significant rate of hydrolysis (both enzymatic and non-enzymatic) [28].
Hoffman et al demonstrated that some of the most predominant pomalidomide metabolites
in human urine and plasma are hydrolysis products [26].

Described here is a simple, sensitive, and selective HPLC assay with fluorescence detection
for pomalidomide in the clinically relevant plasma concentration range of 1-500 ng/mL
following a 5 mg oral dose. As there is no literature on stability data of pomalidomide in
human plasma, this study performed assay validations, according to the FDA [29], in both
plasma stabilized with 0.1% HCI (to reduce hydrolysis) or plasma alone. While this method
was successfully applied to a clinical trial with a pharmacokinetic endpoint, the intention of
this manuscript is to describe the assay and is not meant to be a description of the
pharmacokinetic profile of pomalidomide.
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Pomalidomide (>99% purity) was purchased from Selleck Chemicals (Houston, TX). N-
propy! p-hydroxybenzoate (propyl paraben), formic acid, hydrochloric acid (HCI), optima-
grade acetonitrile (ACN), and ethyl acetate were purchased from Sigma-Aldrich (St. Louis,
MO). Optima-grade methanol was purchased from Fisher Scientific (Pittsburgh, PA). De-
ionized water was generated by a Hydro-Reverse Osmaosis system (Durham, NC) connected
to a Milli-Q UV Plus purifying system (Billerica, MA). Human plasma was provided by the
Clinical Center Blood Bank of the National Institutes of Health (Bethesda, MD).

on of stock solution

Master stock solutions were prepared individually by dissolving pomalidomide in DMSO
and propyl paraben (used as an internal standard) in methanol at concentrations of 1 mg/mL
(Figure 1). Each stock solution was stored in amber glass vials at —80° C, after a brief vortex
and 15 min sonication. Working stock solutions in acetonitrile were prepared serially from
the master stock and stored at —80°C. The working stock solutions were used to prepare the
calibration curve, quality control (QC) and lower limit of quantification (LLOQ) samples.

Calibration standards in drug-free human heparinized plasma were prepared fresh daily in
duplicate at final plasma concentrations of 1, 5, 10, 50, 100, 250, and 500 ng/mL for every
analytical run. QC samples were prepared at final concentrations of 1.0 (LLOQ), 3.0 (low-
QC), 200 (mid-QC), 400 (high-QC), and 5,000 ng/mL (10-fold dilution QC) by adding the
required amount of working stock to plasma. QC samples were vortexed, aliquotted, and
stored at —80 °C until analysis.

2.3 Sample preparation

Clinical samples were collected in heparinized tubes containing 0.1% HCI as a precaution
for degradation. Therefore, 0.1% HCI in plasma was used to validate the assay. Fifty
microliters of 1% HCI (made fresh daily) was added to 500 pL of drug-free plasma,
standard, or QC samples, resulting in a final HCI concentration of 0.1%. To demonstrate the
necessity of acidifying plasma with 0.1% HCI, each experiment was performed again
without adding HCI. Next, 2 mL of 200 ng/mL propyl paraben in ethyl acetate was added to
each sample, then subsequently vortexed for 30 sec and centrifuged for 10 min at 2000 rpm.
The organic layer was dried down before being reconstituted with 50 pL of acetonitrile.

2.4 Instrument conditions

Thirty microliters of each sample was injected into an Agilent 1100 series HPLC (Santa
Clara, CA, USA), which contains a quaternary pump, a refrigerated autosampler at 4 °C,
column compartment at ambient temperature, and fluorescence and ultraviolet detectors. A
Waters Nova-Pak® C18, 4 pm, 3.9 x 300 mm column was used for chromatographic
separation. The mobile phase consisted of 0.5% formic acid (aqueous) and 0.5% formic acid
in ACN. A mobile phase gradient was used with a 1 mL/min flow rate, where initially 20%
organic was increased linearly to 100% over 6 min, and finally decreased to 20% by 6.1
min, where it was held until the end of the 9 min run. The fluorescence detector was set for
excitation at 235 nm and emission at 520 nm for detection of pomalidomide. Propyl paraben
(internal standard) was detected using ultraviolet absorbance at 266 nm. The retention times
for pomalidomide and propyl paraben were 4.6 min and 6.4 min, respectively.
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2.5 Validation

This assay was validated according to FDA requirements [29] in human plasma. There are
no published studies regarding pomalidomide stability in human plasma, therefore this assay
was validated in plasma with or without 0.1% HCI to determine whether acidification
enhances its stability in plasma.

2.5.1. Linearity—By plotting the ratio of the analyte:internal standard peak area versus the
concentration ratio of analyte:internal standard, a seven point calibration curve was created
(1-500 ng/mL). The correlation coefficient (r2) and accuracy (as calculated by percent
deviation; % DEV) were compared for all calibrators to determine the optimal choice of
regression analysis and weighting.

2.5.2 Accuracy and precision—Each daily validation run consisted of a drug-free
plasma extract, internal standard only, and seven calibration standards in duplicate, in
addition to QC and LLOQ samples in quintuplet. The LLOQ samples were prepared fresh
daily in five different lots of plasma, while the QC samples were thawed daily from frozen
aliquots (either with or without pre-stabilization with 0.1% HCI) prepared previously in
batch. Accuracy and precision were assessed by calculating the observed concentrations for
the calibration standards in duplicate (n=8) and the quality control samples in quintuplet
over 4 days (n=20). Accuracy was calculated as the percent difference between the mean
observed concentration and the theoretical concentration. Precision, or the repeatability of
the assay, was determined by the within-run precision (WRP) and between-run (BRP), as
calculated below.

WRP=100 x [ (1\/ISWIT ) AO'5/GM]
BRP=100 x [({MSBET _MSWIT}/H)AOﬁ/GM]

GM represents the grand mean over the four days, MS,; represents the within-group mean
squared, MS, represents the between-group mean squared, and n represents the number of
repetitions (n=20, with QCs analyzed in quintuplet over four days). FDA guidelines for
bioanalytical accuracy and precision were followed, with £ 15% variability allowed for all
concentration levels, except the LLOQ, which is allowed + 20% [29].

2.5.3 Benchtop Stability—The stability of pomalidomide in plasma at room temperature
was analyzed over a 24 hr period. Pomalidomide samples in plasma at two concentrations (3
and 400 ng/mL) were either extracted immediately or allowed to sit at room temperature for
2,4, 8, or 24 hr (each in triplicate). The resulting concentrations over the 24 hr period were
compared to the fresh samples extracted immediately after preparation.

Stock solution stability of pomalidomide in acetonitrile and propyl paraben in acetonitrile at
room temperature was tested over 6 hr and compared to freshly prepared stock solutions.

2.5.3.1. Freeze/Thaw Stability: Freeze/thaw stability tests were performed to assess the
potential degradation of pomalidomide in human plasma during numerous freeze/thaw
cycles. Samples were tested in triplicate at two concentrations (3 and 400 ng/mL), and
subjected to four freeze/thaw cycles, where the freeze portion (—80 °C) of each cycle
persisted for at least 12 hr. Upon completion of 4 cycles, the freeze/thaw samples were
extracted and their analyte concentration was measured and compared to freshly prepared
samples in the same analytical run.

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 April 15.
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2.5.3.2. Post-Prepar ative Stability: The post-preparative stability of pomalidomide and
propy! paraben in the autosampler was measured. Samples at both low and high
concentrations were re-injected 24 hr after the initial analysis and compared to previous
sample concentrations.

2.5.4. Matrix Effects and Extraction Recovery—Matrix effects, which measure the
effect of plasma constituents on the detectable signal, were determined through comparison
of the pomalidomide peak area spiked in drug-free human heparinized plasma to the peak
area resulting from pomalidomide spiked into pure ACN (reconstitution solution) at both a
low (5 ng/mL) and high (250 ng/mL) concentration. Although more of an issue for mass
spectrometric and not fluorescent assays, this experiment was nonetheless performed.

The efficiency, or percent recovery, of the liquid-liquid extraction of pomalidomide was
assessed by calculating the ratio of the analyte peak areas when adding pomalidomide to
blank plasma both before and after the addition of liquid extraction solvent (200 ng/mL
propyl paraben in ethyl acetate). The control in this experiment was pomalidomide spiked
after addition of the extraction solvent to represent 100% extraction. This was performed at
both a low (5 ng/mL) and high (250 ng/mL) concentration, each in quintuplet (five different
lots of plasma).

2.6 Clinical Application

A Phase I/11 clinical trial of pomalidomide in Kaposi sarcoma in patients with or without
HIV was approved by the National Cancer Institute Institutional Review Board, and
registered at clinicaltrials.gov (NCT01495598). All patients signed informed consent. Each
patient received a 5 mg oral dose of pomalidomide (Celgene Corp, Summit, NJ) daily for 21
days of a 28 day cycle. Pharmacokinetic blood samples were drawn pre-dose, as well as 1, 2,
3, 4, 6, 8, and 24-hr after the initial dose. Per protocol, blood was drawn into chilled sodium
heparin tubes containing 60 L of 1% HCI, resulting in a 0.1% HCI concentration after a 6
mL blood draw. The blood tubes were immediately placed on wet ice and centrifuged to
obtain plasma. The plasma was then frozen at =80 °C until subsequent extraction and
analysis by HPLC-FL.

3. Results and Discussion

3.1 Selectivity and Sensitivity

Pomalidomide and propyl paraben (internal standard) were selectively identified based on
their unique fluorescent and ultraviolet absorbance signals, respectively, as well as their
retention times with the established mobile phase and column based on a high purity (>99%)
pomalidomide reference standard. Figure 2 demonstrates the ability of this assay to
selectively identify pomalidomide and the internal standard. There were no interfering peaks
from endogenous plasma components (Figure 2A), and the internal standard did not interfere
with the pomalidomide peak (Figure 2B).

This assay proved to be sufficiently sensitive for clinical pharmacokinetic studies, with the
LLOQ at 1 ng/mL. Figure 2C demonstrates the LLOQ peak, possessing a signal/noise factor
>5.

3.2 Validation

3.2.1 Calibration Linearity—The calibration standards, ranging from 1 to 500 ng/mL,
were run in duplicate for four days for each validation set (with or without pre-stabilizing
plasma with 0.1% HCI). Using a regression analysis weighting factor of 1/y2, where y is the
concentration ratio of analyte:internal standard, the calibration standards proved to be linear,

J Pharm Biomed Anal. Author manuscript; available in PMC 2015 April 15.
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accurate and precise and were below the required 15% deviation (Table 1). Calibration
curves without pre-stabilization averaged r2=0.9985 (n=4), and with pre-stabilization
averaged r2=0.9943 (n=4).

3.2.2 Accuracy and Precision—The low (3 ng/mL), mid (200 ng/mL), high (400 ng/
mL) and dilution (5,000 ng/mL) quality control samples and the lower limit of quantification
samples (1 ng/mL) were run in quintuplet over 4 days. Both validation sets had quality
control samples within the required 15% deviation and lower limit of quantification samples
within the required 20% deviation (Table 2).

Overall, samples pre-stabilized with 0.1% HCI experienced less degradation. Low and high
concentration samples without 0.1% HCI were stable in plasma up to 2 hours at room
temperature, while low and high concentration samples pre-stabilized with 0.1% HCI were
stable up to 8 hours (Table 3). Furthermore, the 24 hour low concentration sample without
0.1% HCI experienced a 72.1% degradation as opposed to a 30.4 % degradation for the 24
hour low concentration sample pre-stabilized with 0.1% HCI (Table 3).

Low and high concentration samples both with and without 0.1% HCI were stable through 4
freeze/thaw cycles (Table 4). A curious increase was observed during the third cycle in the
low concentration sample set without 0.1% HCI stabilization. It seems likely that samples
containing 0.1% HCl-stabilized plasma experienced less freeze/thaw degradation than QCs
in non-stabilized plasma and are more consistent in general. The 24 hr post-preparative
stability test revealed less than a 2% difference between samples analyzed immediately and
those analyzed after 24 hr in the autosampler at 4 °C. A less than 5% difference in
pomalidomide stock solution (acetonitrile) and propyl paraben stock solution (acetonitrile)
was observed after 6 hr at room temperature.

3.4 Extraction Recovery and Matrix Effects

Extraction recovery was 89.43% and 93.52% for the low (5 ng/mL) and high (250 ng/mL)
concentration samples, respectively. This demonstrated that the liquid-liquid extraction
employed in this study was capable of efficiently extracting pomalidomide from plasma.
Matrix effects reduced pomalidomide fluorescent signal by 13.49% and 12.41% for the low
and high concentrations, respectively, thus showing that plasma had little deleterious effects
on the pomalidomide fluorescent signal, as expected.

3.5 Clinical application

Pomalidomide plasma concentrations following an initial 5 mg oral dose were examined in
four subjects to demonstrate clinical applicability. The data presented here was not intended
to be a pharmacokinetic study, only to demonstrate applicability of the described method.
Figure 2D demonstrates a typical HPLC chromatogram from a clinical study sample, with
pomalidomide giving a strong fluorescent signal at 6 hr post dose. The average plasma
concentration vs. time curve demonstrated good oral absorption and elimination of
pomalidomide (Figure 3). Plasma levels remained above the LLOQ of 1 ng/mL through 24
hr post dose, indicating this assay is sensitive enough for pharmacokinetic studies.

3.6 Mass Spectrometric Data

A major reason HPLC with fluorescence detection was chosen over the more selective and
sensitive mass spectrometric detection was due to the difficulty obtaining a stable mass
spectrometric signal for pomalidomide. There are two published bioanalytical assays for
pomalidomide, one in mouse plasma and brain using LC-APCI-MS/MS [27], and the other
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in human plasma using LC-ESI-MS/MS [26]. Both studies established the precursor ion (M
+H™) at m/z 274, which upon tandem mass spectrometric (MS/MS) fragmentation produced
a product ion mass spectrum that included ions at m/z 264, 229, 201, 163, and 84. When
attempts at mass spectral analysis were undertaken as part of this study, the protonated
molecular ion (M+H*) m/z 274 only produced one major product ion at myz 195, which did
not match up with any of the product ions from both previously published studies [26, 27],
even though a pomalidomide reference standard of the highest commercial purity (>99%)
was used for this study. Building off of the multiple reaction monitoring of m/z274—195
did not allow for consistent, quantitative analyses, possibly from an incorrect product ion
transition; thus the fluorescent detection was pursued.

Conclusions

In conclusion, this HPLC-FL assay was developed, validated, and optimized for routine
application to clinical pharmacokinetic studies. This method has been shown to be accurate,
precise, and selective. It shows pomalidomide is stable through 4 freeze/thaw cycles and up
to 8 hr at room temperature in plasma pre-stabilized with 0.1% HCI. Pomalidomide in
plasma not pre-stabilized was also stable through 4 freeze/thaw cycles, but demonstrated
much less stability in plasma at room temperature (2 hr). The LLOQ of 1 ng/mL has been
shown to be sufficiently sensitive for clinically relevant doses and resulting plasma
concentrations of oral pomalidomide, with quantifiable levels still present after 24 hrs. The
ability of our HPLC-FL/UV assay to accurately and precisely quantitate pomalidomide in
human plasma up to 24 hr following a typical 5 mg oral dose increases the applicability of
this assay, allowing a broader range of laboratories to perform pharmacokinetic studies on
pomalidomide without the expenses and technical challenges associated with mass
spectrometers.
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Figure 1.
Structures of Pomalidomide and Propyl Paraben (Internal Standard)
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Figure 2A
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Figure 2C
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HPLC Chromatograms

Pomalidomide was detected with fluorescence using 235 nm for excitation and 520 nm for
emission at a retention time of 4.6 min (top pane). The internal standard propyl paraben was
detected using ultraviolet absorbance at 266 nm at a retention time of 6.5 min (bottom pane).
(A) is a drug-free plasma extract showing neither peak. (B) is an extract containing only the
internal standard peak. (C) is a plasma extract spiked with the lower limit of quantification
(LLOQ) of 5 ng/mL pomalidomide. (D) is a clinical plasma sample drawn 6 hr following
oral administration of 5 mg pomalidomide.
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Figure 3.

Plasma Concentration vs Time Curve

Pomalidomide plasma concentrations were measured at various time points in four subjects
following their first oral dose of 5 mg pomalidomide. The LLOQ of 1 ng/mL is sufficient to
measure pomalidomide levels 24 hr post dose.
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Benchtop Stability in Plasma (A) or Plasma Pre-Stabilized with 0.1% HCI (B)

Table 3

A 3ng/mL 400 ng/mL
Time(hr) | GM (ng/mL) | DEV from fresh (%) | GM (ng/mL) | DEV from fresh (%)
0 (Fresh) 3.12 - 395.32 -

2 2.87 -8.01 366.58 -7.27

4 2.41 -22.81 312.82 -20.87

8 2.15 -30.96 255.20 -35.44

24 0.87 -72.00 87.35 =77.90

B 3ng/mL 400 ng/mL
Time(hr) | GM (ng/mL) | DEV from fresh (%) | GM (ng/mL) | DEV from fresh (%)
0 (Fresh) 3.40 - 426.78 -

2 2.86 -15.80 432.73 1.40

4 2.99 -11.94 417.52 -2.17

8 2.98 -12.39 407.11 -4.61

24 2.36 -30.41 311.47 -27.02

Abbreviations: GM, grand mean; DEV (%) relative deviation from nominal value
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Table 4
Freeze/Thaw Stability in Plasma (A) or Plasma Pre-Stabilized with 0.1% HCI (B)

A 3ng/mL 400 ng/mL

Freeze/Thaw Cycles | GM (ng/mL) | DEV from fresh (%) | GM (ng/mL) | DEV from fresh (%)

0 (Fresh) 257 - 382.1 -
1 2.30 -11.42 403.7 5.64
2 2.44 -6.26 342.9 -10.25
3 3.34 28.34 3475 -9.06
4 2.27 -12.84 368.0 -3.68
B 3ng/mL 400 ng/mL

Freeze/Thaw Cycles | GM (ng/mL) | DEV from fresh (%) | GM (ng/mL) | DEV from fresh (%)

0 (Fresh) 253 - 337.64 -
1 2.77 9.35 331.42 -1.84
2 2.69 6.28 340.82 0.94
3 2.62 3.49 337.59 -0.01
4 2.77 931 356.98 5.73

Abbreviations: GM, grand mean; DEV (%) relative deviation from nominal value
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