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a b s t r a c t

Pomalidomide is an immunomodulatory agent (IMiD) that has been approved by the US Food and Drug

Administration (FDA) for clinical treatment of patients with multiple myeloma. In this work, we devel-

oped a sensitive and validated LC-MS/MS method for high-throughput determination of pomalidomide

over the range of 1.006–100.6 ng/mL (R2 = 0.9991) in human plasma and pharmacokinetic studies. A

liquid-liquid extraction method using ethyl acetate was applied to extract pomalidomide and afatinib (as

an internal standard, IS) from human plasma. Chromatographic separation was performed on a Hedera

ODS column (150 mm × 2.1 mm, 5 μm) with security guard C18 column (4 mm × 2.0 mm) at 40 °C.
Methanol and 10 mmol/L aqueous solution of ammonium acetate containing 0.1% formic acid were used

as a gradient elution mobile phase, and the flow rate was 0.4 mL/min. A triple quadruple tandem mass

spectrometer using multiplex reaction monitoring mode (MRM) with electrospray ionization (ESI) positive

ionization was employed. The precursor to product ion transitions for the quantitative analysis of poma-

lidomide and the IS were m/z 274.2→163.1 and m/z 486.1 → 371.1, respectively. This established method

has been validated according to regulatory guideline, and the results were all within the acceptance cri-

teria. The validated LC-MS/MS method was successfully applied to analyze samples obtained from clinical

pharmacokinetics study after oral administration of pomalidomide (4 mg) capsules in human.

© 2021 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Multiple myeloma (MM) is the second most common malig-

nant disease of blood system in the world, second only to non-

Hodgkin’s lymphom. With the increasing number of elderly people

around the world, the number of patients with MM has also in-

creased year by year, so the treatment of this illness is of great

significance [1-3]. Pomalidomide is a third-generation immuno-

modulatory drug (IMiD) modified and synthesized on the basis of

the chemical structure of the first generation thalidomide, which

was developed by Celgene Corporation of the United States. Com-

pared with the first- and second-generation IMiD, pomalidomide

shows relatively stronger pharmacological effects, less toxic and

better patient tolerance (maximum tolerance is 4 mg/d) [4-6]. In

2013, the US Food and Drug Administration (FDA) approved the

use of pomalidomide for clinical treatment of patients with MM,

whose disease is still progressing after two or more drug treat-

ments [7-10]. At present, pomalidomide is still in the clinical re-

∗ Corresponding author.

E-mail address: xhxia@nju.edu.cn (X.-H. Xia).

search stage, and the treatment, mechanism of action, and side ef-

fects of other diseases need further research [11-15].

Many reported studies of pomalidomide aimed at the effec-

tiveness and activity in various diseases include pharmacokinetics

study, efficacious dosing, maximum tolerated dose, limiting toxi-

city dose, combination with other drugs [16-19]. There is much

variation in dosage, method, schedules of administration in clini-

cal trials of pomalidomide. So far, a few researches have reported

quantitative assay of pomalidomide including high performance

liquid chromatography (HPLC) with ultraviolet absorbance or flu-

orescence method detection, LC-MS or UPLC-MS/MS assays in rat

plasma. These studies however do not provide enough validated

details such as sensitivity, stability or simplicity for human clini-

cal trials [20-22]. Therefore, it is necessary to establish a sensitive,

validated and high-throughput determination method of pomalido-

mide in human for pharmacokinetic studies and therapeutic drug

monitoring.

In this work, a method for determination of pomalidomide

in human plasma using LC-MS/MS was established to evaluate

https://doi.org/10.1016/j.cclet.2021.07.009
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Fig. 1. Product ion mass spectra of pomalidomide (A) and afatinib (B) in positive mode and their proposed fragmentation patterns.

the pharmacokinetic characteristics of pomalidomide capsule in

healthy humans. Afatinib was used as an internal standard (IS). The

biological sample was pretreated by liquid-liquid extraction, and

then chromatographed by gradient elution on a Hedera ODS-2 C18

column (150 mm × 2.1 mm, 5 μm) maintained at 40 °C tempera-

ture. The organic phase was methanol, the aqueous phase was the

10 mmol/L aqueous solution of ammonium acetate containing 0.1%

formic acid, and the flow rate was 0.4 mL/min. The multiplex re-

action monitoring mode (MRM) with positive ionization of electro-

spray ionization (ESI) was used. The ion pairs for the quantitative

analysis of pomalidomide and IS were m/z 274.2 → 163.1 (Fig. 1A)

and m/z 486.1 → 371.1 (Fig. 1B), respectively. The lower limit of

quantification (LLOQ) was 1.006 ng/mL, which met the detection

requirements of biological samples. Moreover, pomalidomide has a

good linearity in the range of 1.006 ng/mL to 100.6 ng/mL. The es-

tablished method has been verified and successfully applied to the

human pharmacokinetic study of pomalidomide capsules.

Common pretreatment methods for biological samples include

protein precipitation, solid phase extraction, and liquid-liquid ex-

traction. The protein precipitation method is the most convenient

approach, which can significantly reduce the sample pretreatment

time and improve the analysis efficiency. The solid phase extrac-

tion method has fewer endogenous interfering substances, but the

operation is complex and the commercial solid phase extraction

column is expensive. The liquid-liquid extraction method can sep-

arate the lipophilic drug from the strong polarity endogenous in-

terference based on the principle of the dissolution in the sim-

ilar polarity, and its effect on enrichment and concentration can

improve the detection sensitivity. At the beginning of the method

development, protein precipitation method was attempted to treat

the plasma samples, but the LLOQ of the analytes could not meet

the quantitative requirements. Then, we investigated the ethyl ac-

etate, methyl tert–butyl ether and diethyl ether-cyclohexane (4:1,

v/v) as the extraction solvents, respectively, and found that if ethyl

acetate as the extraction solvent, the background signal of the ma-

trix sample was lower, extraction recovery rate was high, the re-

producibility was good, and there was no interference with the

peak position of the analyte and IS, which could meet the require-

ments of biological sample determination. Therefore, the ethyl ac-

etate was selected as the plasma sample extraction solvent. Fur-

thermore, a methanol-water (70:30, v/v) mixed solution was used

as the redissolve solution when trying to analyze a batch of sam-

ples before the method validation. The results showed that sig-

nal response, peak shape and reproducibility of the analyte and IS

were good. Thus, the redissolve solution was finally determined to

be the methanol-water (70:30, v/v) mixed solution.

Since pomalidomide is of medium polarity, its chromatographic

retention is weaker on the C18 column. Therefore, it is preferred

to use a longer length column to increase the retention of the

compound. After preliminary screening of several models of C18

columns, we found that pomalidomide had a better retention on a

Hedera ODS-2 column (150 mm × 2.1 mm, 5 μm; Hanbon Science

and Technology, Inc.). Methanol and acetonitrile are often used

as the organic mobile phase for the reverse phase HPLC analysis.

When acetonitrile was used as mobile phase, the chromatographic

peak of the analyte was severely trailing. On the contrast, methanol

as mobile phase resulted in symmetrical peak shape and improved

response of analyte. In addition, acid and buffer salt solution were

added into the aqueous phase to maintain a certain pH of the sys-

tem for improving the resolution and retention time. The different

aqueous phases (5 mmol/L, 10 mmol/L and 15 mmol/L ammonium

acetate in aqueous solution) were investigated for the retention,

peak shape and signals response of the analyte. It was found that

the peak shape of pomalidomide was poor and the response was

low after addition of 5 mmol/L or 15 mmol/L ammonium acetate

aqueous solution. But the response of pomalidomide was higher

after the addition of 10 mmol/L ammonium acetate. Therefore, it

was considered to add formic acid to 10 mmol/L ammonium ac-

etate aqueous solution to promote ionization, optimize response

and peak shape. We compared the peak shape and response of

10 mmol/L ammonium acetate aqueous solution containing 0.05%,

0.1% and 0.2% formic acid, respectively. It was found that addition

of formic acid significantly improved the peak shape and response

of pomalidomide. The highest response and the best peak shape of

the two analytes were observed with 0.1% formic acid. Therefore,

the composition of the aqueous phase was finally determined to be

a 10 mmol/L ammonium acetate aqueous solution containing 0.1%

formic acid.

The initial organic phase ratio was composed of methanol and

water (70:30, v/v) for 2.5 min elution, and pomalidomide peaked

out within 2.5 min. After 2.5 min, the valve was switched into the

liquid waste system. The organic phase ratio was increased to 100%

within 0.2 min for column flushing to avoid matrix effects pro-

duced by the residue of endogenous substances that have strong

retention. After 2.0 min of flushing, the organic phase ratio was

returned to 70% within 0.2 min to balance the column. The bal-

ance time was 4 min and the total elution was 9 min. When op-

timizing the flow rate, 0.3 mL/min was first used. The retention

time of pomalidomide was about 1.63 min. When the flow rate

was 0.4 mL/min, the retention time of pomalidomide decreased to

about 1.41 min and the response of analytes showed the highest.

Increasing the flow rate to 0.5 mL/min, the retention time of po-

malidomide further decreased to about 1.19 min and the response

of analytes was lower. Thus, the flow rate of 0.4 mL/min was finally

chosen.

Initially, the Agilent 6410B triple quadrupole LC-MS/MS mass

spectrometer was initially selected for detection. The LLOQ of po-

malidomide was 3.00 ng/mL. In order to meet the requirements

of biological sample detection, the AB SCIEX API 4000 mass spec-

trometer with high sensitivity was selected for detection, and the

LLOQ was reduced to 1.006 ng/mL. The ion sources used for LC-

MS commonly include two types, atmospheric pressure chemical

ionization (APCI) and electrospray ionization (ESI). Between them,

the ESI source is mainly used for the detection of compounds with

medium and strong polarity, while the APCI source is mainly used

for the detection of compounds with small polarity. This is mainly
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Table 1

The precision and accuracy data of the established method.

Spiked conc.

(ng/mL)

Intra-batch (n = 6) Inter-batch (n = 6 ∗ 3)

Measured conc. (mean ± SD, ng/mL) Precision (CV, %) Accuracy (RE, %) Measured conc. (mean ± SD, ng/mL) Precision (CV, %) Accuracy (RE, %)

1.006 1.020 ± 0.1 10.2 1.4 1.089 ± 0.1 8.9 8.3

3.018 2.938 ± 0.2 5.3 −2.7 2.933 ± 0.2 6.4 −2.8

15.09 14.62 ± 0.6 3.8 −3.1 14.30 ± 0.4 3.1 −5.3

80.48 79.60 ± 3.5 4.3 −1.1 76.29 ± 3.1 4.0 −5.2

conc.: concentration; SD: standard deviation; n: number of replicates.

because the small polar compounds are difficult to protonate and

are difficult to be detected with the ESI source. Both pomalidomide

and afatinib are compounds with medium or strong polarity, so

the ESI source was chosen for ionization. A suitable concentration

of pomalidomide and afatinib solution was injected by an injec-

tion pump into the ionization chamber at a rate of 5.00 μL/min.

In the ESI positive ion full scan mode, pomalidomide mainly gen-

erated [M + H]+ excimer ion peaks m/z 274.2. Selectively scan-

ning the product ions, the main ion fragments generated was at

m/z 163.1. In the ESI positive ion full scan mode, afatinib mainly

generated [M + H]+ excimer ion peaks at m/z 486.1. Selectively

scanning the product ions, the main ion fragment generated was at

m/z 371.1.

Endogenous interference was examined with single blank

plasma from six different sources. As shown in the chromatogram,

the blank sample did not show significant interference peaks near

the retention time of pomalidomide and IS (Figs. S2A and D in Sup-

porting information). The IS did not have significant interference

peaks on pomalidomide (Figs. S2B and E in Supporting informa-

tion), and there was no significant interference peak of pomalido-

mide on IS (Figs. S2C and F in Supporting information). The LLOQ

of current assay was 1.006 ng/mL which was quantified with the

acceptable accuracy and precision. The lowest concentration with

signal-to-noise ratio (S/N) was higher than 5.

The calibration standards were run in duplicate for each vali-

dation set ranging from 1.006 ng/mL to 100.6 ng/mL. The standard

curve of pomalidomide was y = 0.117x + 0.000241 (R2 = 0.9996).

These results demonstrated that the calibration standards were

linear, accurate, precise and below the required 15.0%. The re-

sults of intra-batch, inter-batch accuracy and precision are listed

in Table 1. The investigated concentrations of pomalidomide were

1.006 (LLOQ), 3.018 (LQC), 15.09 (MQC), and 80.48 (HQC) ng/mL.

The results showed that the coefficient of variation (CV, %) of

intra- and inter-batch precision of the quality control samples at

all the high, medium and low levels were less than 15.0%, re-

spectively. The relative error (RE, %) of accuracy did not exceed ±
15.0%. The CV (%) of the precision of the LLOQ quality control sam-

ples was less than 20.0%, and RE (%) was not more than ±20.0%,

which are in line with the requirements of biological sample

analysis.

The matrix effect results are shown in Table S1 (Supporting in-

formation). At all the low, medium and high levels, the CV (%)

of the matrix factor of pomalidomide normalized by IS were not

more than 15.0%, indicating that the matrix effect did not interfere

with the determination of pomalidomide. The extraction recovery

of IS and pomalidomide were evaluated separately. The results of

the extraction recovery are shown in Table S2 (Supporting infor-

mation). The precision of the recovery of both the pomalidomide

and IS did not exceed 15.0%. The experimental results showed that

in the blank sample, the maximum peak area response value of po-

malidomide was not more than 20.0% of the minimum peak area

response of LLOQ at the same analysis batch. The maximum peak

area response value of IS was not more than 5.0% of the minimum

peak area response of the LLOQ at the same analysis batch as well.

The above results indicated that the method has no residue.

Fig. 2. Mean plasma concentration versus time profiles of pomalidomide in human

after oral administration of one pomalidomide capsule (4 mg, Mean ± SD, n = 12).

Table 2

Pharmacokinetic parameters of pomalidomide in human plasma after oral adminis-

tration of pomalidomide capsule (4 mg).

Parameter Mean ± SD

t1/2z (h) 6.308 ± 1.3

Vz /F (mL) 0.085 ± 0.03

CLz/F (L/h) 0.009 ± 0.002

AUC0–48 (ng h/mL) 442.4 ± 88.1

AUC0-∞ (ng h/mL) 445.5 ± 88.6

MRT0-t (h) 9.717 ± 1.1

MRT0-∞ (h) 10.05 ± 1.4

Tmax (h) 3.751 ± 1.4

Cmax (ng/mL) 44.09 ± 8.9

The CV (%) of the stability of the stock solution did not exceed

15.0%, indicated that the stock solution of pomalidomide and IS

was stable under the placement conditions (at room temperature

for 8 h and at −80 °C for 65 days). The CV (%) of the working solu-

tion did not exceed 15.0%, indicating that the working solution of

IS was stable at room temperature for 8 h and stable placed at −80

°C for 65 days. The results of the plasma samples stability test are

shown in (Table S3 in supporting information). The results showed

that the plasma samples containing pomalidomide were stable at

room temperature for 8 h. The supernatant of plasma sample after

treatment was stable in the auto-sampler for 24 h. The stability of

the five freeze-thaw cycles was good at −80 °C, and the stability

was good after freezing at −80 °C for 65 days.

The validated LC-MS/MS method was employed to high-

throughput determine pomalidomide in human plasma obtained

after oral administration of pomalidomide (4 mg) capsules. The av-

erage plasma drug concentration versus time curve is displayed in

Fig. 2 and the pharmacokinetic parameters of pomalidomide are

listed in Table 2. In the published reports [23,24], the plasma pro-

tein binding rate of pomalidomide was between 10% and 50%, and

it was absorbed quickly after oral administration. In the body cir-

culation, it mainly exists with the maternal form. In our study, the

maximum blood drug concentration (Cmax) of pomalidomide was

about 44.09 ng/mL with 4 h. The half-life (t1/2) of pomalidomide

in healthy people’s plasma was about 6.3 h and the area under the

drug concentration-time curve (AUC0–48) was about 442.4 ng h/mL.

Another study showed that the parent compound of pomalidomide

918



C. Shu, T.-F. Li, D. Li et al. Chinese Chemical Letters 33 (2022) 916–919

accounted for more than 70% in the body circulation. Before ex-

cretion, 43% drugs were hydroxylated and glycolipidation by the

mediation of cytochrome P450, and 25% drugs were hydrolyzed by

glutarimide. The bioavailability of its metabolism and hydrolysate

was only 1/26 of the parent drug [25,26]. These results demon-

strated that oral pomalidomide had a good absorption, mainly in

the form of parent compound in the main process of body circu-

lation, and its metabolites could be discharged in large quantities

through urine.

In conclusion, we have established a sensitive and high-

throughput quantitative method for the determination of poma-

lidomide in human plasma. The quantitative analysis method was

optimized from various influencing factors such as pretreatment

methods for biological samples, several models of C18 columns,

mobile phase, phase ratio, flow rate, ion sources. The method

shows good selectivity and the endogenous substances in the

plasma do not interfere target determination. The linear range of

pomalidomide ranges from 1.006 ng/mL to 100.6 ng/mL. Accu-

racy, precision, recovery and stability of pomalidomide and internal

standard are all within the acceptance criteria. Matrix and residue

effect do not affect the accurate quantification of the targets in

plasma, which meets the requirements of biological sample anal-

ysis in clinical study. The method has been successfully applied

in the clinical pharmacokinetic research of pomalidomide capsule,

providing a solid platform for the guidance of therapeutic drug

monitoring and new drug development.
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