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Abstract

A sensitive liquid chromatography tandem mass spectrometry (LC-MS/MS) assay was developed 

and validated to facilitate the assessment of clinical pharmacokinetics of dolutegravir (DTG) in 

plasma samples. This work describes an assay system requiring only a 20 μL aliquot of human 

plasma that is subjected to a simple acetronitrile protein precipitation containing a stably labeled 

isotope of DTG used as an internal standard. Chromatography was performed on an XBridge C18, 

2.1 × 50 mm, reversed phase analytical column, using a 60:40 acetonitrile/water mobile phase 

containing 0.1 % formic acid. Detection of the analyte and internal standard was achieved by ESI 

positive ionization tandem mass spectrometry. The precursor/product transitions (m/z) monitored 

were 420.1/136.0 and 428.1/283.1 for DTG and DTG-IS, respectively. The dynamic range of this 

assay extends from 5 to 10,000 ng/mL, with a mean coefficient of determination (r, mean ± SD) of 

0.9996 ± 0.0003. The mean precision values for calibration standards ranged from 0.7 to 4.1 %, 

while accuracy values were 98.3 to 102.0 %. Validation results demonstrated high accuracy (≤ 6.5 

% deviation) and high precision (≤ 9.1 % CV) for the quality control samples. This assay system 

provides an accurate, precise, and sensitive method for DTG quantitation and was successfully 

applied to clinical research samples as part of a phase I/II pediatric clinical trial.
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1. Introduction

Dolutegravir (DTG, S/GSK-1349572, Figure 1) is a newly developed human 

immunodeficiency virus (HIV) integrase inhibitor from ViiV Healthcare (Research Triangle 

Park, NC, USA). DTG is an integrase strand transfer inhibitor (INSTI) that does not require 

ritonavir for cytochrome P450 3A4 inhibition, and preferentially blocks the strand transfer 

step of integration of the viral genome into the host cell's DNA [1], which is a two-step 

process mediated by the viral integrase enzyme. Like the other approved INSTIs raltegravir 

(RAL) and elvitegravir (EVG), DTG inhibits the binding of the integrase-viral DNA 

complex to host cell DNA by chelating Mg2+ ions in the active site [2]. Once integration is 

blocked, HIV-1 can no longer replicate, and the viral replication cycle is interrupted.

In phase II trials, DTG has been shown to be highly effective at rapidly decreasing viral 

burden, with a concomitant increase in CD4+ cell count, in treatment-naïve patients 

receiving 10, 25 or 50 mg once-daily along with a nucleoside reverse transcriptase inhibitor 

(NRTI) background [3]. Moreover, when the DTG dosing groups were compared to the 600 

mg efavirenz (EFV) dose group, the response was more rapid for all DTG groups, Phase III 

studies in treatment-naïve subjects demonstrate that DTG has sustained antiviral activity 

comparable to standard of care in combination with dual NRTIs [4,5]. DTG was also shown 

to be superior to RAL as part of a combination regimen in treatment-experienced, integrase 

inhibitor-naïve subjects [6].In addition, DTG has been shown to retain in vitro activity 

against a large variety of viral phenotypes no longer susceptible to RAL [7]. This translates 

into in clinical data demonstrating DTG's activity in subjects with resistance to RAL [8].

DTG has been well tolerated in Phase III studies with a low incidence of discontinuation due 

to adverse events [4,5,6] The most common adverse events of moderate to severe intensity 

in these trials were insomnia and headache. Additional studies to investigate the metabolism 

and disposition of DTG indicate the primary route of metabolism is glucuronidation via 

UDP-glucuronosyl transferase 1A1 (UGT1A1), without induction or inhibition of 

cytochrome P450 enzymes [9,10]. Since DTG will be administered as part of a multi-drug 

regimen, the lack of significant interactions with other antiretroviral agents is clinically 

advantageous.

INSTIs are the newest class of antiretrovirals (ARVs) demonstrating potent anti-HIV 

activity. With DTG retaining activity in a variety of INSTI resistant phenotypes, having an 

excellent safety and tolerability profile, and predictable pharmacokinetic (PK) profile with 

low to moderate inter-subject variability, it has the potential for treatment-experienced 

patients, but also holds promise to become a first-line antiretroviral agent, and will likely 

become a commonly used component of antiviral regimens. Therefore, to help further our 

understanding of DTG plasma pharmacokinetics, we have developed an assay for DTG 

using a simple protein precipitation extraction and liquid chromatography tandem mass 

spectrometry (LC-MS/MS) detection in order to measure plasma drug concentrations. The 

general aspects of the assay have been briefly described in previously published DTG 

pharmacokinetic analyses [4,11,12,13,14]. This work describes the validation of a slight 

adaptation of those assays for a method that widens the dynamic range of the assay (5 to 

10,000 ng/mL) to encompass the range of most clinical samples analyzed.
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2. Experimental

2.1. Reagents

All solvents, including HPLC-grade methanol (MeOH), isopropanol (IPA), acetonitrile 

(AcN), and dimethyl sulfoxide (DMSO), were obtained from Fisher Scientific (Pittsburg, 

PA). Formic acid (88%) was also obtained from Fisher Scientific (Pittsburg, PA). 0.5M 

ethylenediamine tetraacetic acid (EDTA) solution (pH = 8) was obtained from Promega via 

Fisher Scientific (Pittsburg, PA). GlaxoSmithKline (Research Triangle Park, NC) provided 

both DTG sodium salt and a stably labeled isotope of DTG ([15N2H7]-GSK1349572) which 

served as the internal standard (DTG-IS). Multiple lots of K2 and K3EDTA treated plasma 

was obtained from Biological Specialties Corporation (Colmar, PA). Water was purified on-

site using a Milli-Q Advantage A-10 Water purification system from Millipore Corporation 

(Billerica, MA) with a Q-Guard 0.22 μm point-of-use filter and LC-PAK to produce 

ultrapure water with minimal trace organic contamination.

2.2. Instrumentation and Software

A Shimadzu Integrated UFLC-XR system (consisting of a CMB20A controller, 2 

LC20ADXR pumps, a GDU20A3 degasser, a SIL20ACXR cooled autosampler, and a 

CTO20AC column oven) coupled with an AB Sciex Linear Ion Trap Quadrupole 5500 (AB 

Sciex Instruments, Foster City, CA) were utilized for the separation and detection of DTG 

and DTG-IS. Both the UFLC and mass spectrometer were controlled remotely using Analyst 

software v. 1.5.1 (AB Sciex, Foster City, CA). Chromatographic integrations and data 

calculations were performed with the MultiQuant module v. 2.0.2 that comes as an addition 

to Analyst. All statistical calculations were performed using Microsoft Excel capabilities.

2.3. HPLC separation and MS-MS detection

All samples were subjected to chromatographic separation using a Shimadzu integrated 

UFLC-XR system with an XBridge C18 analytical column (3.5 μm, 50 × 2.1 mm, Waters 

Corp., Milford, MA). Chromatographic analyses were performed isocratically at 30°C and at 

a flow rate of 0.475 mL/min, with an overall run time of 1.5 min. The mobile phase was 

composed of 0.1 % formic acid in H2O:0.1 % formic acid in AcN (60:40, v/v). Samples are 

maintained at 15°C in the autosampler with a 5 μL aliquot of each sample being injected 

onto the column. The needle was washed before sample aspiration with a 0.1 % formic acid 

solution in IPA:MeOH (20:80, v/v), to help minimize carryover between injections. DTG 

and DTG-IS eluted from the column at approximately 0.75 min, and were detected using 

multi reaction monitoring (MRM). The API 5500 instrument was used in positive 

TurbolonSpray mode and the following transitions for protonated products [M+H]+ were 

monitored and acquired: m/z DTG, 420.1→136.0; m/z DTG-IS 428.1→283.1. Settings for 

the individual mass spectrometer parameters are listed in Table 1. Traces correlating to the 

above transitions were integrated using the MultiQuant software and concentration values 

were obtained using DTG to DTG-IS peak area ratio.
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2.4. Stock solutions, working solutions, plasma calibration and control samples

A master stock solution of DTG was prepared in DMSO at a concentration of 1 mg/mL This 

solution was diluted in 1:1-AcN:water to make a series of eight calibration curve working 

stock solutions at 0.1, 0.2, 1, 2, 10, 20, 100, and 200 μg/mL, and four quality control (QC) 

working stock solutions at 0.1, 2, 40 and 400 μg/mL. A separate weighing of DTG was used 

to verify concentration but only one solution was used for preparation of calibration and QC 

working stock solutions. A stock solution of DTG-IS was also prepared in DMSO at a 

concentration of 1 mg/mL and subsequently diluted to 10 μg/mL in AcN. Calibration curves 

were prepared in plasma for each run by adding 5 μL of the appropriate level of calibration 

working stock to 95 μL of freshly thawed K2 or K3EDTA plasma in microcentrifuge tubes, 

which was then thoroughly mixed. The resulting concentrations in plasma were 5, 10, 50, 

100, 500, 1000, 5000, and 10,000 ng/mL due to the 1:20 dilution that occurs when preparing 

a standard curve in plasma on a routine basis.

Plasma QC samples were prepared by the addition of the appropriate level of QC working 

stock to plasma resulting in final concentrations of 5, 15, 450, 9000, and 10,000 ng/mL. 

Aliquots of 100 μL were prepared and stored at -80°C prior to use. All master stocks and 

working stocks were stored at 4°C.

2.5. Sample preparation

Extraction of DTG from 20 μL aliquots of calibration standards, QC samples and unknown 

(patient) plasma was achieved using a simple protein precipitation in 120 μL of AcN spiked 

with internal standard at a concentration of 10 ng/mL Following a mixing step on the orbital 

shaker (@ 1500 rpm, 2 min), precipitate was pelleted by centrifugation for 5 min at 5000 

rpm (2655 × g). A subsequent dilution step was performed by adding a 20 μL aliquot of 

supernatant to 120 μL of 1 mg/mL EDTA (pH 8) in 0.1% formic acid and mixing well 

before injection onto the HPLC-MS/MS for analysis.

2.6. Analytical Method Validation

The validation of this method was based on the FDA Bioanalytical Method Validation 

publication [15].

2.6.1. Accuracy and Precision—Each validation run included one blank plasma 

sample, one zero sample (blank plasma with DTG-IS only), and eight calibration standards 

at 5, 10, 50, 100, 500, 1000, 5000 and 10,000 ng/mL In addition, replicate analysis (n=6) of 

QC samples were used for precision and accuracy determinations over five separate days. 

Five different concentrations were chosen to encompass the lower limit of quantitation 

(LLOQ, 5 ng/mL), upper limit of quantitation (ULQ, 10,000 ng/mL) and fill out the range of 

the calibration curve using a low (15 ng/mL), mid (450 ng/mL), high (9000 ng/mL) 

concentration. Precision was calculated as the coefficient of variation (%CV) within a single 

run (intra-assay) and across all assay dates (inter-assay), and accuracy as the percentage of 

deviation between the nominal and calculated concentration. Peak area ratios were 

calculated as detector response of analyte versus detector response of the IS for the standard 

curve, QC, and unknown samples. The resulting standard curve data is fit to a weighted 

linear regression of 1/concentration2. The standard curve parameters are then used to 
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determine the QC and unknown sample concentrations from the peak area ratios already 

obtained for these samples. The results of these runs determine the inter-day and intra-day 

precision and accuracy values. Acceptance criteria were such that calibration curves had to 

have an r ≥0.98 and the back-calculated values of standards used to created calibration 

curves were required to be within ± 15% of the nominal concentration, except at the LLOQ 

where 20% was accepted. Standards could be excluded if they did not meet these criteria, 

but sequential standards could not be excluded. Concentrations of LLOQ, ULQ, and other 

QC samples were determined from calibration curves created with each run and at least four 

out of six at each level had to be within 15% of the nominal value.

2.6.2. K2 and K3EDTA plasma equivalence—To demonstrate the equivalence of K2 

and K3EDTA plasma, QCs were also prepared in K2EDTA at 15, 450, and 9000 ng/mL and 

frozen at -80°C. The K2EDTA QCs were extracted and quantitated against a standard curve 

prepared in K3EDTA plasma and conversely K3EDTA QCs were extracted and quantitated 

against a standard curve prepared in K2EDTA plasma. The mean, standard deviation, 

precision and accuracy were calculated from the replicates for one run (n=3).

2.6.3. Sample dilution—The ability to accurately dilute a sample that has a concentration 

above the ULQ was examined by spiking blank plasma sample at 30,000 ng/mL, which is 

three times the highest calibrator. Blank plasma once spiked was frozen at -80°C for a few 

days and then processed using triplicate sets of three dilution ratios (1/5, 1/10, and 1/20) to 

investigate dilution integrity, as well as partial volume precision and accuracy.

2.6.4. Matrix effects, recovery, and selectivity—To evaluate recovery, matrix effects, 

and process efficiency of this assay system, three sets of samples were prepared and 

evaluated. These concepts were investigated by comparing DTG concentrations obtained 

from neat analyte solutions spiked with representative low, mid, and high concentrations 

(10, 100, and 1000 ng/mL, respectively), extracted plasma samples spiked with analyte post-

extraction, and pre-extraction spiked plasma samples, across six independent plasma lots.

DTG assay selectivity was tested by extracting DTG in the presence of possible multiple 

concomitant medications at concentrations near the maximum plasma concentration that 

could be expected for each drug. Other antiretrovirals used in the treatment of HIV, along 

with a couple of antiviral medications were investigated for possible interference with the 

DTG assay system. These included 8 nucleoside/nucleotide reverse transcriptase inhibitors 

(didanosine, stavudine, lamivudine, zalcitabine, zidovudine, abacavir, tenofovir and 

emtricitabine), 3 non-nucleoside reverse transcriptase inhibitors (nevirapine, efavirenz, and 

etravirine), 8 protease inhibitors (amprenavir, indinavir, darunavir, saquinavir, atazanavir, 

lopinavir, ritonavir, and nelfinavir), a CCR5 receptor antagonist (maraviroc), a second 

integrase inhibitor (RAL), and 2 antiviral drugs (acyclovir and ganciclovir). Plasma 

containing other concomitant medications was spiked at the low DTG QC concentration (15 

ng/mL) and compared to control samples containing DTG only. Assays were extracted in 

triplicate and run sequentially to verify that the secondary drug would not carryover and 

interfere with subsequent injections.
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2.7. Analyte stability

Stability studies performed for dolutegravir included examinations of stock solutions, short 

and long term plasma storage, freeze-thaw investigations in plasma, and post-preparative 

performance in injection matrix.

2.7.1. Stock solution stability—Stability of DTG stock solution, prepared at 1 mg/mL 

in DMSO, was determined when stored at 4°C for up to 13 months. Previously prepared 

DTG master stock solution was compared to freshly prepared stock solution by diluting both 

stocks by 1/1000 with 50% AcN, which were then further diluted 1/1000 in the 1 mg/mL 

EDTA solution in 0.1 % formic acid injection solvent, before replicate (n=5) injections were 

made. Peak areas were used for comparison and the percentage difference was calculated 

between the old and new master stock solutions.

2.7.2. Plasma stability—Plasma samples containing DTG are stored at -80°C once 

received by our laboratory. In order to be consistent with patient samples, aliquots of each 

QC level (low, mid, and high) were prepared and stored at -80°C. Aliquots were then 

subjected to three rounds of freezing and thawing, where the thawing component was 

comprised of sitting at room temperature for approximately five hours and then returned to 

the freezer overnight for a minimum of twelve hours. This was repeated for a total of three 

freeze-thaw cycles. Samples were then run in triplicate, and compared to freshly thawed QC 

samples used as a control. Furthermore, after QC samples were prepared, a few aliquots 

were maintained at -80°C for more extended periods of time to monitor long-term plasma 

stability. Aliquots were removed at 3 month, 6 month and 15 month intervals analyzed in 

triplicate in comparison to newly prepared QC samples of the same concentrations which 

served as controls.

2.7.3. Post-preparative stability—The ability to re-inject samples following a weekend 

in the autosampler was investigated by extracting and running a full validation assay on a 

Friday afternoon. The unused volume remained in the autosampler over the weekend and all 

samples were re-analyzed on the following Monday in order to simulate equipment failure. 

The resulting calibration curves and sample values were calculated within each run and 

cross-checked between runs (the calibration curve from run 1 was used to calculate sample 

values from run 2). This experimental design permitted us to verify the integrity of results 

obtained after sample sat over a weekend for both a full run and re-analysis of partially 

obtained data if equipment failed and sample volumes were inadequate for re-injection (i.e., 

some data were obtained on a Friday and the remaining data acquired on the following 

Monday).

3. Results and Discussion

3.1. Chromatography, detection, and quantitation of DTG

Initial optimization of the triple quadrupole mass spectrometer for the detection of an 

analyte begins with optimizing for the parent compound, in this case DTG, in the single-

quadrupole mode. This step of optimization revealed a large peak at [M+H]+ for DTG at m/z 

420.1, which correlated with the expected molecular ion mass of DTG. Five main product 
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ions were found for DTG at m/z 277.1, 127.0, 136.0, 101.0 and 107.0 and mass spectrometer 

conditions were initially optimized for detection of DTG (Table 1) and its three strongest 

product ions. Plasma samples were then spiked with DTG, extracted and reconstitution 

volume and product ions were optimized further. Ultimately, only a single channel each for 

DTG and DTG-IS (m/z 420.1→136.0) and (m/z 428.1→283.1) was chosen and used for 

quantitation (Figure 2).

Under the conditions set forth, the separation of DTG and DTG-IS from human plasma 

components was successfully achieved (Figure 2). No interfering peaks were detected across 

the six independent lots of human plasma, utilized during assay development and validation, 

as seen in extracted blank samples. Furthermore, when a plasma sample spiked with a high 

concentration of DTG (9000 ng/mL final concentration) was extracted without DTG-IS, no 

peak was seen in the IS channel. Examination of the single blank plasma samples containing 

DTG-IS but no DTG, revealed no significant interferences with DTG (<20% of the LLOQ 

peak area). DTG maintained its linearity from 5 to 10,000 ng/mL with minimal loss of signal 

intensity at the upper end of the curve. The correlation coefficient for the five validation 

runs was 0.9996 ± 0.0002 (r, mean ± SD).

3.2. Assay validation

Validation runs were performed on five different days. Each validation run contained blank 

and ‘zero’ control samples, a full 8-point curve, plus six replicates each of LLOQ, low, mid, 

high, and ULQ quality control standards (5, 15, 450, 9000 and 10,000 ng/mL, respectively). 

Overall inter-day precision values calculated from the back-calculated concentrations for the 

calibration curve standards ranged from 0.7 to 4.1%, while accuracy ranged from 98.3 to 

102.0% (Table 2A). Concentrations determined for the LLOQ, low, mid, high and ULQ 

quality control standards (six replicates per validation run) were utilized to calculate the 

intra-day precision and accuracy values. The mean intra-day precision values for the five 

validation assays ranged from 0.5 to 12.1%, while the mean accuracy values were 90.2 to 

110.3% (Table 2B). The quality of the standard curves was evaluated by the mean 

correlation coefficient (r = 0.9996 ± 0.0003) and the reproducibility of the slope and 

intercept; mean slope was 0.0046 ± 0.0002 and intercept values ranged from 0.0024 to 

0.0073.

To demonstrate equivalence of K2 and K3EDTA, intra-day precision and accuracy were 

obtained for three replicates at three QC concentrations, low (15 ng/mL), mid (450 ng/mL), 

and high (9000 ng/mL). The mean, standard deviation, precision and accuracy were 

calculated from the replicates for one run (n=3). Equivalence data for K2EDTA controls 

analyzed against a K3EDTA curve and K3EDTA controls analyzed against a K2EDTA curve 

are shown in Table 3. The precision of the non-matrix matched low, mid, and high quality 

controls prepared in K2EDTA ranged from 0.7 to 7.2%, while the accuracies ranged from 

-8.3 to -3.6%. The precision of the non-matrix matched low, mid, and high quality controls 

prepared in K3EDTA ranged from 1.6 to 4.5%, while the accuracies ranged from 2.4 to 

5.6%. Although the K3EDTA samples seemed to have slightly higher concentrations than 

their K2EDTA counterparts, all levels showed <10% difference from their matrix matched 

QCs and were considered equivalent.
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The ability to use partial volumes or dilution of samples that are above the upper limit of 

quantitation was determined by testing three dilutions (1/5, 1/10, and 1/20) of a 30,000 

ng/mL sample prepared in either K2 or K3EDTA. Mean accuracy values ranged from 91.3 to 

100.2%, and precision values ranged from 0.8 to 3.3% across dilutions and plasma types 

(Table 3). The results from this experiment demonstrates the ability to freeze and store a 

sample at a high concentration, accurately quantitate it after thawing and dilution, and that 

dilutions up to 1/20 are acceptable for quantitation of samples and should cover the range of 

systemic peak concentrations measured in patient samples.

Another important aspect of the DTG assay validation involved determining analyte plasma 

stability under three distinct conditions; freeze-thaw stability, long term storage stability and 

short term post-preparative stability in the injection matrix. All patient plasma samples 

containing DTG are stored at -80°C along with aliquots of each QC level after preparation. 

A comparison was made between aliquots that were subjected to three rounds of freezing 

and thawing and freshly thawed QC samples used as a control, run in triplicate. The thawing 

component was also used as an indicator of short-term room temperature stability since the 

aliquots were maintained at room temperature for approximately five hours before being 

returned to the freezer overnight. As seen in Table 4, all test samples were within 5% of the 

matching control QC level. Therefore, DTG is considered to be stable through three freeze-

thaw cycles when stored at -80° C and for at least 5 hours at room temperature.

Long-term DTG stability in plasma was determined using the three QC levels (15 ng/mL, 

450 ng/mL, and 9000 ng/mL) when stored at -80°C for an extended period of time. 

Triplicate QC samples were analyzed at various periods after preparation with newly 

prepared QCs and DTG concentrations were compared between the stability test and new 

control samples. For the longest storage period evaluated the deviation from the actual 

concentration ranged from -5.8 to 2.1%, and only a slight decrease was observed 

(approximately 5%) over this time frame (Table 4). We concluded that DTG is stable in 

human plasma stored at -80°C for a period of at least 15 months.

Injection matrix stability was determined by re-injection of samples including a full 

calibration curve, six each of the LQC, MQC, and HQC samples after uninjected volume 

remained at 15°C in the autosampler for at least three nights (to simulate an instrument 

failure over a weekend). Curves were generated on both Friday and Monday. The resulting 

curves were compared to each other and the curve from the original run was used to 

calculate the QC standards. The quality of the calibration curves generated after reinjection 

of samples three days apart resulted in similar slopes (-2.6% difference), intercepts and 

correlation coefficients, indicating that the curves generated from reinjection of samples 

after sitting for three days in the autosampler results in nearly identical calibration curves. 

The difference between the determined mean values for LQC, MQC, and HQC samples 

when analyzed independently after three days in the autosampler ranged from -3.1 to -2.3% 

(data not shown). Therefore, if enough sample volume exists to re-analyze an entire analytic 

run, the results are equivocal between same day analysis and analysis after three days at 

15°C. However, if sample volume is a limiting factor and samples are divided so that results 

are acquired several days apart, the results varied from -3.4 to 0.6% as seen in Table 4, 

indicating that acquisition of partial sample sets three days apart is also acceptable.
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Lastly, long-term DTG stability in stock solutions prepared at 1 mg/mL in DMSO was 

determined by replicate injections (n=5) of two separate stock solutions stored at 4°C and 

prepared 13 months apart. Previously prepared DTG master stock solution was compared to 

the freshly prepared stock solution after equivalent dilution steps into injection matrix. The 

peak areas were compared and showed only a 0.5% difference between the solutions (Table 

4), confirming DTG stability under these conditions for a period of at least 13 months.

3.2. Matrix effects and recovery

Matrix effects in mass spectrometry are defined as direct or indirect alteration or 

interference in response due to the presence of unintended analytes or other interfering 

substances in the sample. Six independent lots of plasma were used for these experiments 

and the summarized data is presented in Table 5. Recovery was calculated by comparing the 

mean concentrations of pre-extraction spiked samples to plasma matched post-extraction 

spiked samples. Across the concentration range studied, DTG recovery ranged from 96.5 to 

99.3%. Overall matrix effects were calculated by comparing the mean concentrations of 

post-extraction spiked samples to unextracted analyte spikes. Matrix effects on final DTG 

concentrations were determined to be minimal with <2% difference between spiked 

solutions when extracted plasma components were or were not present in the solution. 

Process efficiency represents the combined effects of extraction recovery and matrix 

influence on analyte concentration and was calculated by comparing the mean 

concentrations of pre-extraction spiked samples to unextracted analyte spikes. Across the 

concentration range studied, the extraction process efficiency for DTG ranged from 95.2 to 

99.2%.

DTG and DTG-IS peak areas were also analyzed independently (versus peak area ratios, 

which were used in results described above to calculate concentrations). Comparisons were 

made between the three sets of samples using mean peak areas as well as peak area 

precision. Evaluation of DTG and DTG-IS peak areas independently indicate some signal 

enhancement in the presence of extracted matrix components. However, the relative and 

absolute matrix effects are negligible and the assay is considered valid since any effect on 

DTG is compensated for by a matching effect on DTG-IS (peak area ratios and precision are 

consistent, <5%). As a final check for matrix effects, slopes were obtained by fitting a line 

through the three concentration points for each lot of plasma (replicate injections for 

unextracted samples). Comparison of the slopes and observation of the variability (%CV) 

between the six independent lots of plasma confirm the absence of any significant matrix 

effect on quantitation with all three sets having a CV of <2.5% as seen in Table 5.

Since patients taking DTG will usually be administered other antiretroviral drugs 

concomitantly, this assay was performed in the presence of commonly used antiviral drugs 

mentioned previously (see Assay Validation section 2.6.4) and listed individually in Table 6, 

to asses any possible interferences with regard to DTG quantitation. Plasma spiked at the 

low QC concentration had other antivirals and antiretrovirals added at a higher concentration 

(5000 ng/mL), in order to maximize the potential for interference. Plasma was extracted 

from control samples (containing DTG only) and compared to test samples containing DTG 

plus other possible concomitantly administered medications. All assays were run in triplicate 
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and the results are presented in Table 6. None of the tested drugs were found to interfere 

with the performance of this assay system since the mean % of LQC when compared to 

control samples was ≤9.0%.

3.4. Application of the analytical method

Recently, as part of an ongoing phase I/II clinical trial, 350 plasma samples from HIV-

infected adolescents and children receiving a daily dose of approximately 1 mg/kg were 

analyzed to determine DTG concentrations using the method described herein. Steady-state, 

intensive pharmacokinetic samples were taken at 0, 1, 2, 3, 4, 6, 8, and 24 hours post-dose. 

Measurable DTG concentrations ranged from 5.6 to 15407.5 ng/mL with a mean ± SD 

AUC24 and Cmax were 52 ± 22 mgxh/L and 3.8 ± 1.5 mg/L, respectively. A representative 

pharmacokinetic curve from a single patient from this study is shown in Figure 3.

4. Conclusion

DTG is the newest drug in the latest antiretroviral INSTI class under development for the 

treatment of HIV-1, however no full HPLC-MS/MS assay or complete assay validation has 

been reported for this drug. The work described herein details the validation of a method for 

the measurement of dolutegravir in plasma that possesses a wide dynamic range to 

encompass the range of peak concentrations in adult, adolescent, and juvenile patients 

receiving targeted doses of dolutegravir. As a result of the increased dynamic range of this 

assay, fewer samples will have to be diluted and re-analyzed, therefore decreasing turn-

around time for patient samples. The current assay has been successfully validated and used 

to measure plasma DTG concentrations in clinical samples and should be easily transferred, 

with minimal change, and implemented in other laboratories performing plasma sample 

analysis using similar equipment.
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Abbreviations in this manuscript

AcN acetonitrile

ARVs antiretrovirals

AUC area under the concentration-time curve

CV coefficient of variation

DMSO dimethyl sulfoxide

DTG dolutegravir

EDTA ethylenediamine tetraacetic acid

EVG elvitegravir

EFV efavirenz

HIV human immunodeficiency virus

INSTI integrase strand transfer inhibitor

IPA isopropanol

IS internal standard

LC-MS/MS liquid chromatography tandem mass spectrometry

LLOQ lower limit of quantitation

MeOH methanol

MRM multi reaction monitoring

NRTI nucleoside reverse transcriptase inhibitor
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PK pharmacokinetic

QC quality control

RAL raltegravir

UGT1A1 UDP-glucuronosyl transferase 1A1

ULQ upper limit of quantitation

Bennetto-Hood et al. Page 12

J Chromatogr B Analyt Technol Biomed Life Sci. Author manuscript; available in PMC 2015 January 15.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



Highlights

• We validated the first LC-MS/MS assay for dolutegravir quantitation in human 

plasma

• The assay is accurate, and precise, and sensitive with a broad calibration range

• The assay was successfully applied to 350 clinical samples in a phase I/II trial
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Figure 1. 
The chemical structures of (A.) DTG and (B.) DTG-IS.
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Figure 2. 
Representative chromatograms obtained by applying the present method to: A.) a double 

blank extracted EDTA-plasma sample overlaid with the lowest standard (5 ng/mL); B.) a 

mid-range quality control sample (450 ng/mL).
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Figure 3. A representative steady-state DTG concentration-time profile
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Table 1
Summary of MS/MS Parameters Optimized for DTG Detection

MS Settings

General TEM 550

GS1 60

GS2 60

CUR 25

CAD HIGH

DP 186

EP 10

DTG Specific CE 75

CXP 12

DTG-IS Specific CE 41

CXP 24
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Table 5
DTG Recovery and Plasma Matrix Effects

DTG/DTG-IS

Low Mid High

Matrix Effect 98.7% 99.0% 99.9%

Recovery 96.5% 98.1% 99.3%

Process Efficiency 95.2% 97.2% 99.2%

Unextracted Analytes Post-Extraction Spike Pre-Extraction Spike

Matrix Effect Slope Precision (n=6 EDTA lots) 1.1% 2.2% 2.5%
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Table 6
DTG Assay Selectivity in the Presence of Concomitant Medications

DTG

Drug Name Mean % of LQC

didanosine (ddI) 103.7

stavudine (d4T) 103.0

lamivudine (3TC) 109.0

zalcitibine (ddC) 102.7

zidovudine (AZT) 101.2

abacavir (ABV) 104.2

tenofovir (TFV) 99.3

emtricitabine (FTC) 100.7

nevirapine (NVP 100.2

efavirenz (EFV) 102.7

etravirine (ETV) 104.0

amprenavir (APV) 97.3

indinavir (IDV) 102.5

darunavir (DRV) 94.5

saquinavir (SQV) 104.7

atazanavir (ATV) 108.2

lopinavir (LPV) 99.0

ritonavir (RTV) 105.0

nelfinavir (NFV) 99.0

maraviroc (MVC) 102.2

raltegravir (RAL) 102.5

acyclovir (ACV) 106.7

ganciclovir (GCV) 101.0
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