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Abstract

A high-performance liquid chromatographic assay with MS detection has been developed for the quantitative determination of the anti-
angiogenic agent CC-5013 in human plasma. Sample pretreatment involved liquid—liquid extraction with acetonitrile/1-chlorobutane (4:1,
v/v) solution containing the internal standard, umbelliferone. Separation of the compounds of interest was achieved on a column packed
with Waters Gg Nova-Pak material (Am particle size; 300 mnx 3.9 mm internal diameter) using acetonitrile, de-ionized water, and glacial
acetic acid in ratios of 20:80:0.1 (v/v/v) (pH 3.5) delivered at an isocratic flow rate of 1.00 ml/min. Simultaneous MS detection was performed
atm/z 260.3 (CC-5013) andvz 163.1 (umbelliferone). The calibration curve was fit to a linear response—concentration data over a range
of 5-1000 ng/ml using a weighting factor ofx1Malues for accuracy and precision, obtained from four quality controls analyzed on three
different days in replicates of five, ranged from 98 to 106% and from 5.5 to 15.5%, respectively. The method was successfully applied to
study the pharmacokinetics of CC-5013 in a cancer patient receiving the drug as single daily dose.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction suggested that the inhibition of angiogenesis at any one of
these stages may be an effective strategy in the treatment of
Angiogenesis is the development of new blood vessels various human malignanci¢s).
from pre-existing vesseld]. It is involved not only in nor- Thalidomide has been shown to be effective in a vari-
mal physiological process§?] but also in pathological con- ety of tumor typeq6], and it was found that thalidomide
ditions such as tumor growth and metastases. The sequencehibits tumor growth at least in part by anti-angiogenic
of events that occur during angiogenesis in response to pro-mechanisms. More recently, analogues of thalidomide have
angiogenic factors include degradation of the extracellular been developed that are more potent inhibitors of angiogen-
matrix, endothelial cell migration and proliferation, align- esis[7,8]. CC-5013 {-(3-aminophthalimido) glutarimide;
ment and fusion of newly formed vessels, and blood flow ini- lenalidomide], animmunomodulatory thalidomide analogue,
tiation[3,4]. These distinct stages are all potential targets for has demonstrated higher potency than thalidomide in the HU-
anticancer treatment. In light of this, previous studies have VEC (human umbilical vein endothelial cells) proliferation
and tube formation assays (unpublished data). These assays
* Corresponding author. Tel.: +1 301 402 3622; fax: +1 301 402 8606, IS0 indicated a dose-dependent decrease in HUVEC prolif-
E-mail addresswdfigg@helix.nih.gov (W.D. Figg). eration and tube formation with increasing concentration of
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CC-5013. Otherin vitro studies have indicated anti-migratory G1312A binary pump, vacuum degasser, G1329A injection
effects of CC-5013 and the inhibition of tumor growth invivo  temperature controlled column compartment, and a HP 1100
[9]. Immodulatory properties of CC-5013 include the inhi- MSD single quadrupole mass spectrometer equipped with
bition of cytokines such as VEGF, bFGF, IL-6 and TNF-  an electrospray source. Signal acquisition and peak integra-
These cytokines are key regulators of tumor growth and an-tion were performed on an HP Intel Pentium Il using the
giogenesig10]. Phase | and Il clinical studies indicate that Chemstation software (Agilent). A Waters g Nova-Pak
CC-5013 does not exhibit sedation as a major side effect, reverse-phase analytical columnu#h particle size; 300 mm
but rather results in occasional neurotoxicity and myelosup- x 3.9 mm internal diameter) from Waters Corp. (Milford,
pression. In a recent phase lll study, the use of CC-5013 MA, USA), was used for analyte separation. The mobile
for advanced and refractory multiple myeloma has been as-phase consisted of HPLC-grade acetonitrile, de-ionized wa-
sociated with significant biological responses in M-protein ter, and glacial acetic acid in ratios of 20:80:0.1 (v/v/v) (pH
[11]. In support of further clinical pharmacologic studies 3.5). The mobile phase was delivered isocratically at a flow
with CC-5013, we describe here the development and val- rate of 1 ml/min. The analytical column was kept at ambient
idation of a specific, accurate, precise, and sensitive ana-temperature. The sample injection volume wag.BQrotal
lytical method for the determination of CC-5013 in human sample run time was 8 min. The effluent was interfaced to
plasma. the ESI-MS system without splitting. The MS system was
operated in the positive ion mode and the conditions were
optimized to generate maximum analyte signal. The MS

2. Experimental conditions were as follows: drying gas flow 131/min, neb-
ulizer pressure 55 psi, drying gas temperature “850cap-
2.1. Chemicals and reagents illary voltage 3000V, fragmentor 70 V, and multiplier gain

1. Nitrogen was used as a nebulizing and drying gas. Se-
CC-5013 was provided by Celgene Corporation (War- lected ion monitoring was accomplished ratz 260.3 for

ren, NJ, USA). HPLC-grade acetonitrile, 1-chlorobutane, CC-5013 andn/z 163.1 for the internal standard, umbellif-
dimethyl sulfoxide (DMSO) and the internal standard, umbel- erone, as protonated molecular ions. Both ions had a dwell
liferone (Fig. 1B) were purchased from Sigma—Aldrich (St. time of 289 ms and were monitored in the high-resolution
Louis, MO, USA). Glacial acetic acid was purchased from mode.
Fisher Scientific (Fair Lawn, NJ, USA). De-ionized water was
obtained from a Milli-Q-UV Plus water system (Millipore, 2.3. Standards preparation
Milford, MA, USA). Pooled blank plasma was obtained from

the Blood Bank at the NIH’s Warren Grant Magnuson Clini- Stock solution A was prepared by accurately weighing
cal Center (Bethesda, MD, USA) and centrifuged at 2400 rom 10 mg of CC-5013, and dissolving in 10 ml of DMSO, to
for 10 min to remove fibrous material prior to use. yield a concentration of 1 mg/ml solution. Working stan-

dard solutions B (5¢.g/ml), C (10u.g/ml), and D (2u.g/ml)
were prepared by serial dilutions of the stock solution A us-
ing HPLC-grade acetonitrile. For each analytical run, spiked

A HP 1100 LC-MS (Agilent Technology, Palo Alto, CA plasma samples used for the calibration standards were pre-

USA) was utilized for analysis, which included a HP 1100 pared in duplicate by addition of the appropriate volume
) was utiliz ysis, which incid of working standard solutions (A, B, C, or D) to pooled

blank plasma. CC-5013 standard concentrations used for
generating the calibration curves were 5, 10, 25, 50, 100,

0O O
NH 250, 500, and 1000 ng/ml. Quality control (QC) samples
of CC-5013 were prepared at the following concentrations;
N o) three times the lower limit of quantitation (LLOQ) (the low-
level QC at 15ng/ml), at 15% of the highest point of the
(A) NH,

2.2. Liquid chromatography—mass spectrometry

standard curve (150 ng/ml), at 40% of the highest point of
the standard curve (mid-level QC at 400 ng/ml) and at the

80% of the highest point of the standard (high-level QC at
800 ng/ml). Aliquots of prepared QC samples were stored

/ at —80°C until analysis. A working internal standard so-

lution was prepared by accurately weighing 10 mg of um-

belliferone, and dissolving in 10 ml of DMSO, to yield a

® O 0O OH concentration of 1 mg/ml. A volume of 128 of umbellifer-

one (1 mg/ml) solution was placed into 1000 ml of a mixture

Fig. 1. Chemical structures of CC-5013 (A) and the internal standard, um- Of acetonitrile/1-chlorobutane (4:1, v/v). This acetonitrile/1-
belliferone (B). chlorobutane (4:1, v/v) solution containing 125ng/ml of
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umbelliferone was used for the liquid—liquid extraction and the nominal concentration:

process. [observed]}- [nominal]

DEV = - x 100%
[nominal]

2.4. Sample preparation Non-LLOQ standards and QC samples were considered reli-

All £ dard q | I q h able if at least two out of every three estimates of the accuracy
rozen standards and samples were allowed to thaw \, .\ ithin the range of 85-115%.

at_room temperature gnd homogenized by vortex-mixing. The precision of the assay was determined by the
Aliquots of 600l of spiked sample standards, QC samples between-run (intermediate precision) and within-run

Cér lljlnknowg plasm?'s;lrgpdlreslwcfare placgd'lmltf ar?llastéc 15'mlprecision (repeatability), respectively. Estimates of the
ellstar tube, to which 2.4 ml ot acetonitrile/1-chlorobutane . een._ryn precision were obtained by one-way analysis

solution were added containing internal standard. This mix-
ture was vortex-mixed for 1 min, and centrifuged for 10 min

2400 Th i | torred | variable. The between-groups mean square gy Sthe
at rpm. The organic layer was transierred to a g aS‘waithin—groups mean square (M%), and the grand mean

tube and evaporated to dryness under a gentle stream of alEGM) of the observed concentrations across run days were

at ALQIOC.hThe dried resiQuZ }Nasz(;econs(;[itﬁted in m};@f q calculated using the NCSS 2001 package (J. Hintze, Number
mobile phase, vortex-mixed for 20's, and then transferred o -y oher statistical Systems, Kaysville, UT, USA). The

micro-centrifuge tubes in which they were centrifuged for between-run precision (BRP) was defined as:

10 minat 13,000 rpm. Finally, the supernatantwas transferred
to limited-volume injection vials, and 80 were injected into BRP — +/(MSpet — MSyit)/n

the LC-MS system. GM

of variance (ANOVA) using the run day as classification

x 100%

where n represents the number of replicates within each
2.5. Validation validation run.
The within-run precision (WRP) was calculated as:
2.5.1. Validation procedure
The method was assessed in terms of specificity, accuracyywyrp — MSwit % 100%
precision, recovery, sensitivity, linearity of detector response
and stability. On each validation day, calibration curves were In order to perform the assay with reliable intermediate pre-
analyzed simultaneously with QC samples containing CC- cision and repeatability, both the BRP and WRP should not
5013. The procedure was performed on three different daysexceed a 15% limit.
using six replicates per standard concentration (5, 10, 25, 50, In order to establish the extraction efficiency of CC-5013
100, 250, 500, and 1000 ng/ml) and five replicates per QC from plasma using the liquid—liquid extraction method de-
concentration on each day. scribed inSection 2.4two groups (A and B) of QCs were
prepared. In group A, 3@l of working standards were spiked
into tubes containing 570l of pooled blank plasma for each
QC (i.e. 15,150, 400, and 800 ng/ml), and in group ByBOf
working standards were spiked into tubes containing 70
of mobile phase. Group A tubes were extracted as described
in Section 2.4then centrifuged, and the supernatant dried
under air, reconstituted with mobile phase, and centrifuged
[again before the supernatant was injected into the LC-MS
ystem. A volume of 12pl unprocessed solution of group
tubes was transferred into injection vials directly, which
was then injected into the LC-MS system. The peak area of
unprocessed solutions in group B was adjusted, multiplied
by 4.8, to correct for dilution difference. Recovery was de-
2.5.3. Accuracy, precision and recovery termined by comparing the peak area of the QC samples (15,
Accuracy and precision were evaluated by determination 150, 400, 800 ng/ml) with that of the corrected unprocessed
of CC-5013 in five replicates at four different concentrations solutions of corresponding concentrations:
of QC samples analyzed over three different days. Each run E
consisted of blank plasma samples without internal standard9sRecovery= — x 100%
in duplicate, blank plasma samples with internal standard in u
duplicate, calibration standards in duplicate, and QC sampleswhereE is the mean area count of test samples for one con-
in replicates of five; this run was done daily for 3 daysto eval- centration level after sample extraction, ddds the mean
uate the assay performance. Accuracy (DEV) was defined asarea count of unprocessed samples. Each concentration was
percent difference between the mean observed concentratiomun in six replicates.

2.5.2. Specificity

Twenty-six blank samples from different subjects who
were on other commonly used drugs were analyzed for chro-
matographic interference. Possible matrix effects were inves-
tigated by infusing a £.g/ml solution of CC-5013 (in mobile
phase) into the MS post-column, using a syringe pump via a
tee. After a constant response was established, six differen
blank plasma samples were extracted and reconstituted, a
detailed inSection 2.4 and were injected into the LC-MS
system.
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As a guideline, the recovery of CC-5013 need not be A total of nine pharmacokinetic blood samples was ob-

100%, but should not vary by more than 15%. tained and collected in 10-ml glass tubes containing heparin
as an anticoagulant. These samples were obtained before the
2.5.4. Calibration curve first dose of CC-5013 was administered, and then again at

2.5.4.1. Lower limit of quantificationThe LLOQ was de- the following time points: 0.5, 1, 2, 4, 6, 8, 24, and 48 h post-

fined as the lowest concentration of CC-5013 that could be dose. Specimens were immediately centrifuged at 2400 rpm

reliably and reproducibly measured with concentration de- for 5min to separate the plasma, which was then stored at

terminations performed in replicates of at least five. To de- —80°C.

termine the LLOQ, pooled plasma samples were spiked to

contain 5ng/ml, and were run on four different days. The

CC-5013 peak was to be distinct from noise peaks and for 3. Results and discussion

verification of LLOQ, the peak area and peak height in a

chromatogram from a pretreated CC-5013 plasma sample3.1. Chromatography and detection

containing 5 ng/ml was compared with the noise signal. The

LLOQ had to have a precision f20% and a signal-to-noise Typical chromatograms resulting from the LC-MS analy-

ratio >3. sis of extracts of 12pl plasma from a pre-dose control blank
sample (A), a control plasma sample spiked to contain CC-

2.5.4.2. Response functio@alibration curves were con- 5013 at a concentration of 5ng/ml (B), and a sample from

structed by least-squares linear regression analysis where a@ patient obtained 1 h after administration of CC-5013 (C)

eight-point calibration curve by plotting peak area raip (  are displayed irFig. 2 CC-5013 and the internal standard

of CC-5013 to internal standargrsusthe CC-5013 nomi-  peaks were well resolved under the optimized conditions.

nal concentrationxj without weighting, or by using %/or Thalidomide and aminoglutethimide were the first choices

1/x? as optional weighting factors. Calibrator response func- for internal standards for this method based on their structural

tions and choice of regression analysis were investigated bysimilarities to CC-5013. Unfortunately, the assay method de-

calculating correlation coefficients and the percent deviation veloped for CC-5013 was not appropriate for thalidomide

for all standard concentrations (%DEV). In order to establish (i.e. poor peak shape), and aminoglutethimide may be used

the best standard curve for quantification (with or without in prostate and breast cancer patients hence possible chro-

IS), the simplest model tested with the lowest bias was usedmatographic interference from aminoglutethimide. Another

for further analysis. compound tested for use as an internal standard was chrysin,
but using the assay method developed for CC-5013 yielded
2.5.5. Stability very poor peak shape and long retention time for chrysin.

Stability tests were performed to verify the stability of CC-  Umbelliferone, though not structurally similar in structure to
5013 during handling procedures. Samples were assayed a€CC-5012 is (1) commercially available and (2) can be quan-
the four QC concentrations (i.e. 15, 150, 400, and 800 ng/ml). titated using the assay developed for CC-5013. The retention
The samples were subjected to three freeze—thaw cycles withtimes of CC-5013 and the internal standard, umbelliferone,
each freeze cycle lasting at least 12 h. The concentration ofwere 3.2 and 6.3 min, respectively. The total sample run time
the drugs after each storage period was related to the conwas set to 8 min.
centration of freshly prepared samples in the same analytical
run. The stability of drug in the injection vials pending analy- 3.2. Validation
sis was performed, where samples were prepared and placed
in injection vials for 24 h before injection into the LC-MS 3.2.1. Specificity
system. Analysis of blank plasma samples obtained from multiple

Analytes were considered stable if the concentration de- patients concurrently on other common drugs did not show
viated less thant20% from the concentrations of freshly any chromatographic interference around the elution area of

prepared samples. CC-5013 and/or the internal standard. A slight matrix effect
was noted at retention times ranging from 3.0 to 4.2 min.
2.6. Pharmacokinetic analysis However, despite possible matrix effects, the accuracy and

precision were within accepted guidelines (FDA guidelines).

The suitability of the method for pharmacokinetic pur- This indicates that this method is good and robust for the
poses was evaluated using plasma samples obtained from aetermination of CC-5013 in human plasma.
42-year-old patient with a histologically confirmed diagno-
sis of glioblastoma multiforme, who received CC-5013 treat- 3.2.2. Accuracy, precision and recovery
mentas asingle oral agent once-daily dose of 2.5 rigTimis The assay performance data for the determination of inde-
experiment was approved by the National Cancer Institute pendent QC samples of CC-5013 in plasma are presented in
Institutional Review Board, and the patient signed informed Table 1 The between-run precision and within-run precision
consent before participation. ranged from 5.5 to 15.5% and from 9.9 to 13.8%, respec-
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A(ii) SIM = 163.1 m/z
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Fig. 2. Typical reverse-phase LC-MS chromatograms of a blank human plasma sample (A), a sample spiked with CC-5013 at a concentration of 5 ng/ml (B),
and a plasma sample obtained from a patient with cancer 1 h after drug administration (oral dose, 2/8agp(@). The left and right chromatograms were
obtained using the optimal molecular ion for CC-50484260.3) and the internal standard umbelliferomé&(163.1), respectively. The labeled chromatographic

peaks indicate CC-5013 (I), and the internal standard umbelliferone (l1).

tively, for the various concentrations tested. At the same con- 3.2.3. Calibration curve

centrations, the deviation from nominal concentration (accu- 3.2.3.1. Lower limit of quantificationThe LLOQ was deter-
racy) ranged betweenl1.6 and +5.7%. The mean recovery mined to be 5ng/ml. The percent CV was 14.9% and the per-
for QC samples was determined to be 72.4%, with a coef- cent DEV from the nominal standard was +16.2%, which is
ficient of variation (percent CV) ranging from 0.7 to 15%. within acceptable limits. Preliminary pharmacokinetic analy-
Given the low variation in recovery, and acceptable accu- sis of clinical specimens indicated that plasma concentrations
racy and precision the extraction efficiency was considered of CC-5013 were always higher than 5 ng/ml at the doses and
acceptable. sampling times specified in the study protocol.
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Table 1 1000 3
Assessment of accuracy and precision from quality-control samples - 3
Nominal GM S.D. DEV WRP BRP n %,
(ng/ml) (ng/ml)  (ng/ml) (%) (%) (%) £ 100 1

15 159 276  +57 99 152 12 s
150 1477 2841 -16 113 155 11 ‘é’
400 41778 5502 +44 138 a 13 T 10
800 8067 10727  +08 123 55 13 F ]
AbbreviationsGM, grand mean; S.D., standard deviation; DEV (%) relative g
deviation from nominal value; WRP, within-run precision; BRP, between- © |

T T T T T 1

run precision;n, number of replicate observations within each validation
run.

@ No additional variation was observed as a result of performing the assay Time (h)
on different days.

0 5 10 15 20 25 30

Fig. 3. Plasma concentration—time profile of CC-5013 in a patient with ad-
3.2.3.2. Response functiofthe model with the least total ~ vanced glioma treated at a dose of 2.5 mg/m
bias across the concentration range investigated was obtained

using the reciprocal of the concentrationq)las the weight- 3'2A?' Appl|ca|1t|qn fih lidati h
ing factor. For each calibration curve, the calibrators were ter completion of the validation process, the assay was

back-calculated from the response factor and the intercept.app”eOI to determine serial CC-5013 plasma concentrations

The deviation for all concentrations from the nominal con- ?n a s_ingle patient tr(_eated_ with CC-5013 in a ph_ase | clin-
centrations was betweenl6.5 and 16.2%, whereas the per- ical trial. Concentration—time data for CC-5013 in plasma
cent CV values ranged from 1.0 to 15.5976'1ble 9. Foreach from this patient_ who receivgd_the drug orally at a do;e of
analytical run, an eight-point plasma standard curve was con—5 mg (5'5 mg/rf)is presentled "Z'%‘ 3 Plasma concentra;uon h
structed, and was shown to be linear over the tested range o]datao _CC'5013 Were analyzed by n_on-cor_npartmenta m_et i
5-1000 ng/ml. The meant&tandard deviation) regression ods using the softwa_r N p_ackage WinNonlin v4.0 (Phars_|ght
equation obtained during the method validation, obtained in Corporation, Mountain V'e\/N’ IC,LI'\1). The peaclj< corr:centratlon
duplicates on three separate days, showed an intercept Ofor CC-5013 was ,114'2 ng/ml, the area under the curve ex-
—0.00037+ 0.00027 and a slope of 0.000310.00003 (2 trapolated to infinity (AUG—) was 393.3 ng h/ml, and the

= 0.99478+ 0.00338) = 6). terminal half-life ¢1,2) was 2.7 h.

3.2.4. Stability 4. Conclusi
Three repeated freeze—thaw cycles had no apparent influ-" onclusion

ence on the stability of QC samples containing CC-5013 at
cencentrations of 15, 150, 400, or 800 ng/ml. After the th'rd_ undergoing evaluation in phase |-l clinical trials. The agent

freeze—thaw cycle, CC-5013 plasma concentrations had dev"has also obtained orphan drug status from the FDA but no

ations from the nominal values within recommended guide- simple, accurate and precise analytical method for the de-

I|ne§,_|rrespect|ve of th_e t_e§ted_ pIasma concentrations. Thetermination of CC-5013 concentrations in plasma has been
stability of the analyte in injection vials was assessed after

24h at ambient temperature, and the observed percent C\}Jublished. In the current report, the development and valida-
’ tion of an analytical assay is described for the determination
was 7.85, 22.83, 11.95, and 4.26% ! yi y! ! nat

15 150. 400. or 800 na/ml : f?r samples containing o¢ 5013 in human plasma samples. The performance cri-
' '  or ng/mi, respectively. teria for specificity, accuracy, precision, recovery, sensitivity,

CC-5013 is an analogue of thalidomide that is currently

Table 2 linearity, and stability have been assessed and accepted as
Back-calculated concentrations from calibration curves being within the recommended guidelines of the FDA, indi-
Nominal GM S.D. cv DEV N cating that the method can be used for determination of CC-
(ng/ml) (ng/ml) (ng/ml) (%) (%) 5013 in human plasma. The method is currently being used
5 58 0.9 149 162 6 to further study the pharmacokinetic profile of CC-5013 in

10 as 10 102 —22 6 patients with cancer.

25 268 16 59 -7.9 6

50 459 43 93 -81 6

100 835 09 10 —16.5 6 References

250 2594 401 155 38 6

500 5283 481 91 5.7 6 [1] J. Folkman, Nat. Med. 1 (1995) 27.
1000 9756 S 81 —24 6 [2] T.H. Adair, W.J. Gay, J.P. Montani, Am. J. Physiol. 259 (1990) 393.
AbbreviationsGM, grand mean; S.D., standard deviation; DEV (%), relative  [3] D.H. Ausprunk, J. Folkman, Microvasc. Res. 15 (1977) 53.
deviation from nominal value; CV (%), coefficient of variation;number [4] M. Klagsbrun, M. Moses, Chem. Biol. 6 (1999) 217.
of replicate observations within each validation run, i.e. two samples ateach [5] K. Dredge, J.B. Marriott, C.D. Macdonald, HW. Man, R. Chen,
concentration were run on three separate occasions, for a kgtaf Gix G.W. Muller, D. Stirling, A.G. Dalgleish, Br. J. Cancer 87 (2002)

samples at each concentration. 1166.
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