
LC-MS/MS assay for the quantitation of the ATR kinase inhibitor 
VX-970 in human plasma

Brian F. Kiesel1,2, Jonas Scemama1,3, Robert A. Parise1, Liza Villaruz1,4, Andre Iffland5, 
Austin Doyle6, Percy Ivy6, Edward Chu1,4, Christopher J. Bakkenist7,8, and Jan H. 
Beumer1,2,4

1Cancer Therapeutics Program, University of Pittsburgh Cancer Institute, Pittsburgh, PA

2Department of Pharmaceutical Sciences, School of Pharmacy, University of Pittsburgh, 
Pittsburgh, PA

3Aix-Marseille University, Faculty of Pharmacy, Pharmacokinetics, Toxicokinetics Department, 
Marseille, France

4Division of Hematology-Oncology, Department of Medicine, University of Pittsburgh School of 
Medicine, Pittsburgh, PA

5Vertex Pharmaceuticals, Preclinical Safety Assessment-Bioanalysis, Boston, MA

6Investigational Drug Branch, Cancer Therapy Evaluation Program, Division of Cancer Treatment 
and Diagnosis, National Cancer Institute, Bethesda, MD

7Department of Radiation Oncology, University of Pittsburgh School of Medicine, Pittsburgh, PA, 
USA

8Department of Pharmacology and Chemical Biology, University of Pittsburgh School of Medicine, 
Pittsburgh, PA, USA

Abstract

DNA damaging chemotherapy and radiation are widely used standard-of-care modalities for the 

treatment of cancer. Nevertheless, the outcome for many patients remains poor and this may be 

attributed, at least in part, to highly effective DNA repair mechanisms. Ataxia-telangiectasia 

mutated and Rad3-related (ATR) is a key regulator of the DNA-damage response (DDR) that 

orchestrates the repair of damaged replication forks. ATR is a serine/threonine protein kinase and 

ATR kinase inhibitors potentiate chemotherapy and radiation. The ATR kinase inhibitor VX-970 

(NSC 780162) is in clinical development in combination with primary cytotoxic agents and as a 

monotherapy for tumors harboring specific mutations. We have developed and validated an LC–

MS/MS assay for the sensitive, accurate and precise quantitation of VX-970 in human plasma. A 

dilute-and-shoot method was used to precipitate proteins followed by chromatographic separation 

with a Phenomenex Polar-RP 80 Å (4 μm, 50 × 2 mm) column and a gradient acetonitrile-water 

mobile phase containing 0.1% formic acid from a 50 μL sample volume. Detection was achieved 
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using an API 4000 mass spectrometer using electrospray positive ionization mode. The assay was 

linear from 3–5,000 ng/mL, proved to be accurate (94.6–104.2%) and precise (<8.4% CV), and 

fulfilled criteria from the FDA guidance for bioanalytical method validation. This LC-MS/MS 

assay will be a crucial tool in defining the clinical pharmacokinetics and pharmacology of VX-970 

as it progresses through clinical development.
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1 Introduction

Cytotoxic chemotherapies and ionizing radiation that induce DNA damage are widely used 

standard-of-care modalities for solid malignancies. For many patients the benefit of these 

therapies is limited, at least in part, by the DNA damage response (DDR), the signaling that 

orchestrates a wide array of mechanisms that detect and repair DNA damage in cancer cells 

as well as normal cells [1]. Cancer cells frequently acquire mutations that inactivate specific 

DNA repair mechanisms and these changes that are not present in normal cells, may be 

exploited to achieve significant therapeutic index with small molecules such as PARP 

inhibitors. Furthermore, the DDR may be a barrier to oncogenic transformation that may be 

elevated in cancer cells and therefore targeted to achieve significant therapeutic index [2].

Ataxia telangiectasia mutated (ATM) and ataxia telangiectasia mutated and Rad3-related 

(ATR) are two serine/threonine kinases that have been identified as primary activators and 

coordinators of DDR [3, 4]. ATM recognizes DNA double-strand breaks (DSBs) and ATR 

recognizes single-strand DNA at damaged replication forks and resected (DSBs) [1]. ATM 

and ATR initiate complex and overlapping signaling cascades [5]. Up to 70% of tumors 

display inactivating mutations in either ATM or tumor suppressor protein p53 and it is 

hypothesized that cells harboring defects in this signaling axis acquire a selective advantage 

during carcinogenesis that is associated with loss of the G1 cell cycle checkpoint and 

reduced DNA repair [6]. Cancer cells that have lost the ATM/p53 axis have an increased 

dependence on the ATR signaling pathway and correspondingly both ATM- and p53-

deficient cancer cells are selectively killed by ATR kinase inhibitors in vitro an in vivo [7–

9].

VX-970 has recently entered clinical development as a potent and selective inhibitor of ATR 

[10]. VX-970 has anti-proliferative qualities as a single agent and it potentiates the effects of 

DNA damaging therapies in ATM-deficient xenograft models [11–13]. Radiation and 

chemotherapy are typically administered at or near their maximum tolerable dose and 

potentiating these standard-of-care therapies with VX-970 is a rational approach to increase 

the efficacy of the primary DNA damaging modality without creating additional toxicity. As 

VX-970 progresses through clinical development, an accurate description of its 

pharmacokinetics and potential alterations by primary chemotherapies is crucial. To support 

these endeavors we developed a sensitive and accurate LC-MS/MS assay to quantify 
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VX-970 in human plasma. The calibration curve ranges from 3–5000 ng/mL to 

accommodate expected clinical concentrations.

2 Experimental

2.1 Chemicals and reagents

VX-970 (NSC 780162, VRT-0768079, VE-822) (M/(M + M+7) > 99.99%) was obtained 

from Vertex Pharmaceuticals (Boston, MA) as the free base. Because the drug substance 

used clinically, and therefore the reported doses, reflect the hydrochloride salt, all 

concentrations described in this report are expressed as hydrochloride salt. The internal 

standard, [d7]-VX-970 (VRT-1135046) (M+7/(M + M+7) > 99.66%), was obtained from 

Vertex Pharmaceuticals (Boston, MA). Bile from VX-970 treated rat was provided by Vertex 

Pharmaceuticals, London, UK. Acetonitrile, water (both HPLC grade) and dimethyl 

sulfoxide were purchased from Fisher Scientific (Fairlawn, NJ). Formic acid was purchased 

from Sigma-Aldrich (St. Louis, MO). Control human plasma was purchased from Valley 

Biomedical (Winchester, VA) and Lampire (Everett, PA). Bovine serum albumin (BSA), 

pooled human liver microsomes, pooled female rat microsomes, UDPGA, MgCl2, 

alamethicin and formic acid were purchased from Sigma-Aldrich (St. Louis, MO).

2.2 Chromatography

The LC system consisted of an Agilent (Palo Alto, CA, USA) 1200 SL autosampler and 

binary pump and a Phenomenex (Torrence, CA USA) Synergi Polar-RP 80Å (4 μm, 50 × 2.0 

mm) column using a gradient style elution program. Mobile phase solvent A consisted of 

0.1% formic acid in acetonitrile and mobile phase solvent B consisted of 0.1% formic acid 

in water. The initial mobile phase composition was 30% solvent A and 70% solvent B. From 

0 to 2.2 min, at a 0.4 mL/min flowrate, solvent A was increased to 80% and conditions held 

until 2.3 min. Between 2.3 and 3.0 min, solvent A was maintained at 80% and the flowrate 

increased to 0.8 mL/min and conditions held until 3.1 min. At 3.1 min he mobile phase 

composition was then returned to 30% solvent A until 4 min at a flowrate of 1.0 mL/min. 

The total run time was 4 min with an injection volume of 5 μL.Mass spectrometry

Mass spectrometric detection was carried out using a SCIEX (Framingham, MA) 4000 

hybrid linear ion trap tandem mass spectrometer utilizing electrospray ionization in positive-

ion multiple reaction monitoring (MRM) mode. The settings of the mass spectrometer in 

positive mode scanning parameters were as follows: curtain gas 40, IS voltage 5000 V, probe 

temperature 500°C, GS1 65, GS2 65, DP 50 V, CE of 25 eV, and an exit potential of 10 V. 

The temperature of the autosampler was 4 °C. The MRM m/z transitions monitored were: 

464.3>433.5 for VX-970 and 471.3>440.3 for [d7]-VX-970. Control of the LC system and 

mass spectrometer as well as data collection was accomplished with Analyst software 

(version 1.4.2).

2.3 Preparation of calibration standards and quality control samples

Stock solutions of VX-970 and internal standard [d7]-VX-970 (see Fig. 1 for structures) 

were prepared independently at 1.0 mg/mL in dimethyl sulfoxide (DMSO) and stored at 

−80 °C. Working stock solutions of 0.1 mg/mL VX-970 and 0.1 mg/mL [d7]-VX-970 were 
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prepared in DMSO. On the days of analysis, the working stock solution of VX-970 was 

serially diluted in 10 fold steps using DMSO, and the internal standard was diluted 200 fold 

to a final concentration of 0.5 μg/mL. VX-970 calibration working stock solutions were then 

diluted in human plasma to produce the following analyte concentrations: 3, 10, 30, 100, 

300, 1,000, 3,000 and 5000 ng/mL. For each calibration series zero and blank samples were 

also prepared from 50 μL of control plasma.

Quality control (QC) stock solutions were stored at −80 °C. These solutions were diluted in 

human plasma to produce the following QC samples of either: Lower Limit of 

Quantification (LLOQ) 3 ng/mL, QC Low (QCL) 5 ng/mL; QC Mid (QCM) 150 ng/mL, and 

QC High (QCH) 4000 ng/mL.

2.4 Sample preparation

Ten μL of 0.5 μg/mL [d7]-VX-970 was added to each microcentrifuge tube except blank 

plasma samples. This was followed by addition 50 μL plasma (standard, QC or sample 

plasma). Protein precipitation was sequentially accomplished using 200 μL of acetonitrile 

(aqueous to organic ratio of 1:4 v/v). Samples were vortexed for 1 min on a Vortex Genie-2 

set at 9 (Model G-560 Scientific Industries, Bohemia, NY) and then centrifuged at 13,500 × 

g at room temperature for 5 min. A 100 μL aliquot of the resulting supernatant was 

transferred to an autosampler vial followed by addition of 150 μL of water (final organic 

composition 32%), vial capping and brief vortexing. A 5 μL volume of each sample was 

then injected into the LC-MS/MS system.

2.5 Validation procedures

2.5.1 Calibration curve and lower limit of quantitation (LLOQ)—Calibration 

standards and blanks were prepared and analyzed (see paragraph 2.4 and 2.5) in triplicate to 

establish a calibration range with acceptable accuracy and precision, as previously described 

[14].

2.5.2 Accuracy and precision—The accuracy and precision of the assay were 

determined by analyzing samples at the LLOQ, QCL, QCM, and QCH concentrations, as 

previously described [14].

2.5.3 Selectivity and specificity—Six individual batches of control drug-free human 

plasma were processed and analyzed (see 2.5) to investigate potential interference of 

endogenous matrix components with the assay. Responses of VX-970 at the LLOQ 

concentration were compared with the response of the blank samples.

Cross-talk of VX-970 and [d7]-VX-970 was characterized by detection of competing analyte 

signal into their respective MRM channels.

2.5.4 Extraction recovery and matrix effect—We determined the extraction recovery 

of VX-970 from plasma by comparing the absolute response of a neat solution of VX-970 in 

an extracted control plasma sample to the absolute response of a plasma extract with an 

equal amount of VX-970 added prior to extraction.
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Regions of potential matrix effects on analyte signal by endogenous phospholipids in human 

plasma were identified by characterizing the chromatographic profiles of phospholipids. 

This was accomplished using previously reported phospholipid MRM channels and MS 

settings while maintaining the optimized LC components of the VX-970 assay [Little, 2006, 

16497566][15, 16]. The following MRM channels were monitored in addition to VX-970: 

m/z 184>184, 496>184, 522>184, 524>184, 704>184, 758>184, 760>184, 784>184, 

806>184. Trimethylammonium-ethyl phosphate (m/z 184) is a common phospholipid 

product ion found in human plasma.

The matrix effect caused by endogenous plasma matrix components on VX-970 response 

was defined as the change in the absolute response of a control plasma extract to which 

analyte had been added after the extraction relative to the absolute response of reconstitution 

solvent to which the same amount of VX-970 had been added. Experiments were performed 

at the three QC concentrations in quadruplicate.

2.5.5 Stability—Long-term stability experiments were performed both in stock solution 

and plasma after storage at −80 °C. Stability in the stock solution was expressed as the 

percentage recovery from a freshly prepared solution relative to the stored solution (8 

months). The stability of VX-970 in plasma at −80 °C was determined by comparison of 

plasma samples before and after storage (8 months) against freshly prepared standard 

curves.

The room temperature stability of VX-970 in stock solution for 6 h was determined by 

comparison to stock solution stored at −80 °C. All stability testing in plasma was performed 

in triplicate at the QCL, QCM and QCH concentrations. The effect of 3 freeze/thaw cycles 

on VX-970 concentrations in plasma was evaluated by analysis of sample after they had 

been frozen (−80 °C) and thawed on 3 separate days and comparing the results with those of 

freshly prepared samples. The stability of VX-970 in plasma during sample preparation was 

evaluated by assaying samples before and after 4 h of storage at room temperature. To 

evaluate the stability of VX-970 after sample processing, we re-injected QC samples and 

calibration curves approximately 72 h after the first injection. The concentrations and 

absolute analyte areas derived from the second injection were then compared with those 

derived from the first injection. The results were expressed as a percentage of the values of 

the second run to their respective values in the first run.

2.5.6 Dilution integrity—To demonstrate dilution integrity, plasma samples containing 

VX-970 concentrations of 50,000 ng/mL were diluted 20-fold (to 2,500 ng/mL) with control 

plasma and analyzed.

2.5.7 Anti-coagulantia cross validation—To demonstrate the ability of our EDTA 

plasma-based assay to quantitate heparinized plasma samples, we quantitated and compared 

our EDTA QCL, QCM, and QCH samples in quadruplicate against both an EDTA and a 

heparinized plasma duplicate calibration curve.

2.5.1 Glucuronide Metabolite—This method was developed for the quantitation of 

VX-970 in samples obtained from multiple clinical trials. In preclinical animal testing, the 
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major metabolite of VX-970 was identified as a direct glucuronide conjugate of VX-970 

(mass 638.5 amu). In anticipation of possible glucuronide metabolites in plasma of treated 

with VX-970, we examined bile from a rat that was administered VX-970 (M. Howard, 

Vertex Pharmaceuticals London UK, estimated concentrations based on HPLC-UV: 9.0 

μg/mL VX-970, 31.9 μg/mL VX-970 glucuronide).

We first determined the retention time of the glucuronide metabolite in our assay. To 

accomplish this we first spiked bile from VX-970 treated rats (10 mg/kg IV infusion) to 

control plasma and processed these samples as described previously. A full mass scan of this 

sample was analysed to identify the glucuronide metabolite (+176 m/z). The sample was 

then re-injected using a product ion scan to determine the fragmentation pattern of the 

metabolite. This revealed the metabolite fragmented into both VX-970 parent mass (464.3 

m/z) as well as the previously selected VX-970 product ion (433.5 m/z). Based on signal 

intensity, the 433.5 m/z product ion was selected and a 639.5>433.5 m/z MRM channel was 

added to the method to monitor the metabolite.

Chemical degradation in matrix and in-source fragmentation can cause cleavage of direct 

glucuronide metabolites, producing parent drug, causing false positive parent compound 

signal. Potential VX-970 interference from in-source fragmentation of the glucuronide 

metabolite was assessed by comparison of parent and metabolite retention times. The 

stability of glucuronide metabolite in human plasma was assessed by taking bile from 

VX-970 treated mice and spiking it to human plasma. These samples were then analysed 

before and after a 4 h incubation at room temperature. The stability of the metabolite as a 

function of pH was also assessed by spiking the bile to phosphate buffers at various pH 

values (5, 6, 7, 8 and 9). VX-970 was quantitated before and after a 4 h incubation at room 

temperature in these buffers.

To further elucidate the role of VX-970 glucuronidation as a pathway in human metabolism, 

separate incubations of VX-970 in permeabilized human and rat microsomes were 

conducted in triplicate. The incubation for glucuronidation was adapted from a previously 

published method to allow for a 0.5 mL incubation volume [17]. The final incubation 

mixture contained 0.1 M phosphate buffer (pH 7.4), 0.25 mg/mL microsomal protein 

concentration, 25 μg/mL alamethicin, 50 mM Tris-HCl, 10 mM MgCl2, and 5,000 ng/mL of 

VX-970. Determination of microsome protein content was accomplished using a protein 

assay kit from BioRad (Hercules, CA) with BSA as the standard. Absorbance readings were 

recorded at 630 nm using an Infinite M100 Pro plate reader from Tecan (Männedorf, 

Switzerland). The reaction was initiated with the addition of 5 μM UPDGA. Aliquots (50 

μL) were sampled from the reaction mixture at 0 and 60 min with 200 μL of acetonitrile 

added to terminate the reaction. Samples were stored at −80 °C until the day of analysis 

upon which 10 μL of internal standard was added and samples processed as described 

previously. Samples were quantitated with a standard curve produced in phosphate buffer 

matrix (pH 7.4) with 0.25 mg/mL BSA along with QCs prepared in human plasma. The 

validity of the assay in this matrix was first validated by preparing a triplicate curve in the 

matrix and comparing it to QCs prepared in plasma. A negative control was included that 

lacked UPDGA in a rat microsome incubation. Positive controls were included using SN-38 

(active metabolite of irinotecan) in separate human and rat microsome incubations. SN-38 
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and SN-38 glucuronide were analysed by LC-MS/MS based on a previously published assay 

[18].

2.6 Application of Assay

To demonstrate the applicability of the assay, we analyzed samples from a patient enrolled in 

the study of VX-970 in combination with irinotecan (NCT02595931). This patient had 

signed informed consent on an institutional review board approved protocol. The patient 

received an IV infusion of VX-970 and blood samples were collected between 0 and 72 

hours. The pharmacokinetic parameters from this patient were determined non-

compartmentally using PK Solutions 2.0 (Summit Research Services, Montrose, CO). 

Additionally, the glucuronide metabolite channel was also monitored during sample 

analysis.

3 Results and Discussion

3.1 Assay Validation

3.1.1 Calibration curve and LLOQ—The selected assay range of 3–5,000 ng/mL 

fulfilled the FDA criteria for the LLOQ concentration and the calibration curve [19]. 

Accuracies and precisions at the different concentrations were determined from triplicate 

calibration curves on 5 separate days and are reported in Table S 1. At most concentrations, 

the mean square of the within runs was greater than the mean square of the between runs, 

indicating that there was no significant additional variability due to the performance of the 

assay in different runs [20]. Representative calibration curves and corresponding correlation 

and regression coefficients are shown in Fig. S. 1.

3.1.2 Accuracy and precision—The accuracies and intra- and inter-assay precisions for 

the tested concentrations (LLOQ, QCL, QCM, and QCH) were all within the defined 

acceptance criteria (Table S 2) [19].

3.1.3 Selectivity and specificity—Chromatograms of six individual control plasma 

samples contained no co-eluting peaks >20% of the analyte areas at the LLOQ 

concentration.

Cross-talk calculations were performed and revealed that VX-970 cross-talks with the 

internal standard channel at approximately 0.0015% with identical retention times. The 

internal standard is added at approximately 50 ng/mL, which would not be expected to result 

in meaningful interference with the VX-970 signal at the LLOQ at 3 ng/mL.

3.1.4 Extraction recovery and matrix effect—The recovery of VX-970 was 

approximately 94% with CVs between 2.7 and 11.8%.

Analysis of phospholipid MRM channels demonstrated no phospholipids co-elute with 

VX-970 (Fig. S. 3). Matrix effect was less than −7% (i.e. ionization suppression), with CVs 

between 2.3 and 6.6% (Table S 3).
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3.1.5 Stability—The stability of VX-970 stock solution at room temperature for 6 h was 

96.7% (Table 1). Stability in stock solution for 8 months at −80 °C was 95.7%. The stability 

of the analyte after 3 freeze thaw cycles (−80 °C to RT) ranged between 98.1 and 99.6%. 

Long-term stability (8 months) of the analyte in plasma at −80 °C was adequate with 

recovery between 92.2 and 100.1%. The absolute responses of plasma extracts of VX-970 at 

the QC concentrations, when processed and kept in the autosampler for 72 h, were 102.7 to 

114.4% of the initial responses (CV 2.6–3.9%), while the response of VX-970 relative to the 

internal standard signal ranged from 97.0 to 99.3% (CV 1.8–4.2%). Importantly, the 

reinjection run met the criteria set by the FDA [7].

3.1.6 Dilution integrity—The samples diluted from 50,000 ng/mL to 2500 ng/mL (diluted 

20 times) displayed an accuracy of 91.3% with a CV of 4.0%, indicating the dilution 

integrity of VX-970 in plasma.

3.1.1 Anti-coagulant cross validation—Accuracy and precision of back-calculated 

concentrations were within 15% at QCL, QCM, and QCH concentrations (Table S 4).

3.2 Development

3.2.1 Mass spectrometry—The mass spectrometric parameters were optimized in order 

to obtain the largest parent ion and subsequent product ion from fragmentation for both 

VX-970 and IS. Both compounds were infused separately into the mass spectrometer with 

mobile phase containing either 50% methanol and 50% water with 0.1% formic acid or 50% 

acetonitrile and 50% water with 0.1 % formic acid. There was no remarkable difference in 

the ionization effects between the chosen organic solvents. Acetonitrile was chosen as the 

organic solvent due to its greater ability to precipitate proteins and create a cleaner final 

matrix for our desired dilute and shoot sample preparation. Optimized mass spectrometric 

parameters are listed in section 2.3.

3.2.1 Chromatography—We evaluated the following three columns: Synergi Polar RP 

80Å (50 × 2.0 mm, 4 μm), Synergi Hydro RP 80Å (50 × 2.0 mm, 4 μm), and Luna 

phenylhexyl (50 × 2.0 mm, 3 μm). VX-970 exhibited significant peak-tailing on the Luna 

column, which was therefore eliminated from the selection. The Polar RP and Hydro RP 

columns each produced acceptable VX-970 peak shapes but analysis of rat bile containing 

the glucuronide metabolite demonstrated that the Polar RP column provided better 

separation of parent and metabolite and was therefore selected for the method.

It was observed that greater than 75% acetontrile in the mobile phase caused rapid elution of 

VX-970. We found that a gradient style elution gave adequate time to separate endogenous 

matrix components from VX-970 and still achieve a short run time. The final mobile phase 

composition elutes VX-970 during the terminal phase of the 0–2.2 min step where mobile 

phase A is increased from 30 to 80%.

Despite the short elution time, phospholipids from the human plasma matrix did not co-elute 

with VX-970 indicating that a potential signal interference was minimal.

Kiesel et al. Page 8

J Pharm Biomed Anal. Author manuscript; available in PMC 2018 November 30.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The approximate retention time of both VX-970 and [d7]-VX-970 was 1.9 min. VX-970 had 

a capacity factor of 4.6 based on the observed void time of 0.34 min. Representative 

chromatograms of VX-970 (at the LLOQ), and internal standard in plasma are displayed in 

Fig. S. 2.

Carry-over was assessed by injecting 50,000 ng/mL of VX-970 and 5,000 ng/mL of IS, 

followed by injection of 4 control plasma samples. Carry-over amounted to less than 0.02% 

for VX-970 and 0.2% for IS.

3.2.2 Extraction and sample preparation—To expedite sample preparation, we chose 

to pursue a method of dilute-and-shoot sample preparation. This process used a 1:4 ratio of 

sample to acetonitrile (v/v) and demonstrated the ability to obtain our desired sensitivity of 

the 3 ng/mL LLOQ. Despite achieving our desired sensitivity, the final sample extract 

produced peak fronting and general irregular chromatography, which was most likely due to 

the incompatibility of the organic to aqueous ratio between sample extract (80% organic) 

and initial mobile phase composition (30% organic). Resolving this discrepancy without 

alteration of our developed chromatographic method would require a decrease in the sample 

extract organic-to-aqueous ratio. Decreasing the amount of acetonitrile for extraction could 

compromise protein precipitation so we added an additional step of adding 150 μL of water 

to 100 μL supernatant of processed samples. This decreased the final organic composition of 

the sample to approximately 32% and thus closely replicated the initial mobile phase 

composition of 30% acetonitrile. Initial experimentation with this processing method 

revealed a crucial step of thoroughly vortexing autosampler vials after capping. This minor 

addition to sample preparation restored peak shape, maintained LLOQ sensitivity and did 

not compromise efficiency of protein precipitation.

3.2.3 Glucuronide metabolite—Analysis of bile from rats treated with VX-970 revealed 

it contained both unconjugated VX-970 (retention 1.9 min) and the direct glucuronide of 

VX-970 metabolite (retention 0.83 min, see Fig. S. 2C). In-source fragmentation of the 

metabolite back to the VX-970 parent m/z was also observed. The latter observation is not 

considered a potential bias for the quantitation of VX-970 as the analytes were appropriately 

separated. We incorporated the corresponding MRM transition (m/z 639.3>433.5) into the 

quantitation method to ensure that any metabolite in patient samples would be detected.

Incubation of bile at the tested pH values demonstrated no increase in VX-970 

concentrations, indicating stability of the glucuronide metabolite as both a function of pH 

(5–9) and time (up to 4 h) (Table S 5). Bile spiked plasma incubated at room temperature for 

4 h showed VX-970 concentrations were 96.5% stable (CV 4.7%), indicating that the 

glucuronide metabolite did not hydrolyse to produce parent VX-970.

VX-970 incubations in permeabilized human microsomes revealed no glucuronidation with 

99.9% (CV 4.7%) of drug remaining in the incubation mixture after 60 min compared to 

87.5% (CV 1.8%) in rat microsomes. No metabolite was observed in the 639.3>433.5 m/z 
glucuronide channel in rat the microsome incubation, most likely due to being below the 

limit of sensitivity. These experiments lend further evidence that the glucuronidation 

pathway for VX-970 is species specific and does not occur in humans. Positive control 
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experiments confirmed glucuronidation of SN-38 in both rat and human microsomes both 

measured as SN-38 depletion and SN-38 glucuronide generation. These experiments 

demonstrate that the UGT isoforms responsible for VX-970 glucuronidation in rats are 

either not present in humans or have a very low activity.

3.3 Application of Assay

All patient plasma samples analysed had VX-970 concentrations within the calibration 

range. Visual inspection of the time-concentration plot revealed a distinct biphasic 

elimination profile as seen in Fig. 2. A Cmax of 343 ng/mL was observed near the end of the 

1 h infusion. Non-compartmental analysis of this data resulted in the following PK 

parameter values: T1/2 of 14 h, AUC0-72 2.43 μg•h/mL, AUC0-∞ 2.50 μg•h/mL, Vss 386 

L/m2, and Cl 24.0 L/h/m2. Additionally, monitoring the glucuronide metabolite MRM 

channel revealed no glucuronide metabolite in any sample analyzed.

4 Conclusion

With the clinical development of ATR inhibitors such as VX-970, a thorough description of 

their clinical pharmacokinetics is needed. To support these investigations, our aim in the 

present study was to develop and validate an analytical method for VX-970 in human plasma 

that ensures accurate and reliable quantification. This method will be used to quantitate 

VX-970 in plasma samples being obtained from ongoing and future clinical trials.

VX-970 was detected by a triple quadrupole mass spectrometer in MRM mode after 

separation from matrix components by reverse-phase chromatography. We developed a 

facile “dilute and shoot” method of sample preparation that included an additional post-

protein precipitation dilution step with water that resolved an observed aqueous-to-organic 

ratio incompatibility between initial mobile phase conditions and final sample extract.

Previous investigations have indicated that rodents produce a direct glucuronide metabolite 

but evidence of this biotransformation in humans has yet to be demonstrated. Incubations of 

VX-970 permeabilized human microsomes revealed no occurrence of metabolism. To guard 

against potential interference from this metabolite, we made efforts to ensure instability and 

in-source fragmentation would not affect our assay by analyzing bile samples from rats 

treated with VX-970. From our investigations of metabolite conversion back to VX-970, we 

determined that the metabolite is stable under our assay conditions and its presence does not 

affect VX-970 response. Complete chromatographic separation of the analytes nullifies 

potential effects from in-source fragmentation of metabolite into the VX-970 channel. 

Additionally, no metabolite was detected in the analysis of the patient accrued onto a 

VX-970 phase I trial, which further suggests any glucuronide metabolite will not interfere 

with VX-970 quantification.

This is the first quantitative assay for VX-970 to be published. Our assay range captured the 

entire time-concentration curve of the analyzed patient treated with VX-970, including a 72 

h sample which was still above the LLOQ. While the observed Cmax was vastly below our 

ULQ, this assay will accommodate increasing VX-970 concentrations as dose is escalated.
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In conclusion, we have successfully developed a rapid and facile LC-MS/MS assay for 

VX-970 quantitation in human plasma, which is expected to cover the entire clinical 

concentration range. This assay will prove to be a valuable tool in supporting the clinical 

development of VX-970.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Structures of VX-970 (HCl salt), [d7]-VX-970 internal standard, and VX-970 glucuronide 

metabolite.
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Fig. 2. 
VX-970 (○) plasma concentrations in a patient administered a 1 h intravenous infusion of 

60 mg/m2 VX-970.
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