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ARTICLE INFO ABSTRACT

Keywords: A majority of people living with HIV (PLWH) now have access to HIV treatment with high antiviral potency and
Temsavir favorable tolerability profile. However, in some treatment experienced PLWH viral strains resistant to major
Eoslt\j[ms;[wr current classes of antiretrovirals have emerged, usually due to periods with continued virus replication in the
C-MS/ S . resence of failing drug regimens and thus selection pressure. In such context, new treatment options are
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HIV therefore needed.

Fostemsavir (RUKOBIA®) is the prodrug of temsavir, a first-in-class oral attachment inhibitor approved for the
treatment of heavily treatment-experienced adults with multidrug-resistant HIV-1 infection. In this case
RUKOBIA® is part of a complex regimen of antiretroviral drugs, often in addition to other drugs for chronic co-
morbidities (e.g., heart disease, diabetes mellitus, hepatic and renal impairment, etc). In such a multi-drug
regimen context, therapeutic drug monitoring (TDM) of temsavir can be necessary to exclude or adjust for
relevant drug-drug interactions. A highly selective assay by liquid chromatography method coupled to tandem
mass spectrometry (LC-MS/MS) was therefore developed for the quantification of temsavir in human plasma. A
convenient sample preparation using protein precipitation with acetonitrile followed by supernatant dilution was
carried out. Temsavir and fostemsavir were separated in less than 2 min using a multi-step UPLC gradient, thus
ensuring adequate quantification of temsavir. The assay for the quantification of temsavir was extensively
validated over the large range of clinically relevant concentrations from 1 to 10,000 ng/mL, in accordance with
international bioanalytical method guidelines. The method achieves excellent performance in terms of trueness
(99.7 — 105.3%), repeatability and intermediate precision (both from 1.6% to 5.8%).

This LC-MS/MS method is now part of the routine analyses of the Laboratory of the Service of Clinical
Pharmacology of Lausanne (CHUV), Switzerland, as an integrated part of our general TDM Service for
antiretrovirals.

1. Introduction

Over the past few decades, tens of millions people living with HIV
(PLWH) have gained access to antiretroviral therapy (ART) transforming
HIV infection from a deadly disease into a manageable chronic condi-
tion. In 2021, 28.7 million PLWH received ART globally, out of an
estimated number of 38.4 million according to the World Health Orga-
nization [1].

Current guidelines for first-line antiretrovirals use in naive PLWH
recommend a potent HIV integrase strand transfer inhibitor plus two
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nucleoside reverse transcriptase inhibitors (NRTI) or a non-nucleoside
reverse transcriptase inhibitor plus two NRTI. However, in instances of
ongoing virus replication in the presence of failing drug regimens the
continuous selection pressure will eventually lead to the emergence of
resistance mutations. Although this is less common than in the past
thanks to more potent and effective treatments [2-4], some PLWH are
confronted with viral strains resistant to major currently-in-use classes
of antiretrovirals. In such instances of extensive HIV drug resistance,
PLWH may be eligible to receive alternative combination regimens to
ensure therapeutic effectiveness [5-8].
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Fostemsavir (Rukobia®) is the prodrug of temsavir, a first-in-class
oral attachment inhibitor that binds directly to HIV-1 gp120, prevent-
ing the virus from initially attaching and entering host CD4+ T cells [9].
Fostemsavir is not absorbed but requires enzymatic conversion to tem-
savir by alkaline phosphatase present in the gastrointestinal lumen [10].
Temsavir is a substrate of cytochrome P450 3A4, P-glycoprotein, and
breast cancer resistance protein (BCRP). Tesmsavir is per se also an in-
hibitor of BCRP and of the organic anion transporter protein OATP1B1/
3 [11,12]. Thus, temsavir may be at risk of significant reciprocal drug-
drug interactions. In particular, it is contraindicated in combination
with strong CYP3A4 inducers, which would decrease plasma levels,
hence leading possibly to therapeutic failure [13]. Yet, as it has been
designed to inhibit an alternate viral target, fostemsavir constitutes a
novel practical option in combination with optimized background an-
tiretroviral therapy, for heavily treatment-experienced adults with
multidrug-resistant HIV-1 infection. The 600 mg twice-daily extended
release formulation was approved by the U.S. FDA in 2020, and by
Swissmedic in 2021 [13-15]. In the frequently complex clinical situa-
tion of heavily treatment-experienced patients with multidrug-resistant
HIV-1 infection, physicians may seek information on temsavir exposure
to ensure adequate plasma concentration levels in these PLWH. In
particular, therapeutic drug monitoring (TDM) may be advised when
suboptimal adherence is suspected or when drug absorption may be
impaired.

The present article describes, to the best of our knowledge, the first
completely validated ultra-performance liquid chromatography coupled
to tandem mass spectrometry (LC-MS/MS) method for the quantification
of temsavir (the active species of the prodrug fostemsavir) in human
plasma.

2. Materials and methods
2.1. Chemicals and reagents

Fostemsavir (purity > 98%), temsavir (purity > 98%) and the stable
isotopically-labelled internal standard (IS) [13C6]—Temsavir (purity >
99.7%; isotopic purity: M + 6 = 97.8%, M + 5 = 2.2%) were generous
gifts from GlaxoSmithKline (Brentford, Middlesex, UK) through ViiV
Healthcare. Of note, the 13C isotopes are located on the benzyl of the
benzylpiperazine group. Chemical structures are shown in Fig. 1.

Analytical solvents (i.e. methanol (MeOH, analysis grade), acetoni-
trile (ACN, gradient grade), and formic acid (FA, 98-100%)) were pur-
chased from Merck (Darmstadt, Germany). Dimethylsulfoxide (DMSO,
99.5%) was obtained from Alfa Aesar (Kandel, Germany), and ultrapure
water was provided by a Milli-Q UF-Plus apparatus (Millipore Corp,
Burlington, MA, USA).

In accordance with the institutional ethical standard, human blood
samples used for all steps of the method development and validation
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Fig. 1. Chemical structures of temsavir and its prodrug fostemsavir. In blue, the
phosphonooxymethyl group lost during hydrolysis of fostemsavir yielding to
the active substance temsavir.
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were obtained from patients with polycythemia vera undergoing regular
phlebotomies at the Ambulatory Care Unit, Unisanté, University of
Lausanne, Switzerland. After collection of the citrated blood plasma
samples, blank plasma was separated by centrifugation (1970 g for 10
min at +4 °C) using a Hettich model Rotanta 460RF centrifuge.

2.2. Stock solutions preparation

Analytes (temsavir and fostemsavir) stock solutions were prepared at
2 mg/mL in DMSO and subsequently stored at —20 °C.

Independent working solution (WS) of temsavir at 200 pg/mL was
prepared in a mixture of ACN:H»0 (3:1) for calibration and validation
standards. Then, sequential dilutions of the WS in ACN:H,0 (3:1) were
performed to obtain spiking solutions at the appropriate concentrations.

The stock solution of [3Cs]-Temsavir was prepared at 1 mg/mL in
DMSO, from which a precipitation solution was prepared at 250 ng/mL
by diluting the stock solution with ACN. These solutions were stored at
—20°C.

2.3. Calibration and validation standards

In the present method, the quantification of the prodrug fostemsavir
was not considered but fostemsavir was nevertheless included at the
initial stage of the analytical development for ascertaining that fos-
temsavir was sufficiently separated chromatographically from the active
species temsavir, to exclude any risk of m/z signal cross-talks that would
spuriously affect temsavir assay accuracy. In accordance to the recom-
mendations for bioanalytical method validation [16,17], the total added
volume of spiking solutions was <10% of the biological sample volume.
Spiked plasma was obtained by diluting the spiking solutions (25 uL) 20-
fold with blank plasma (475 pL). Calibration standards were prepared on
each validation day (n = 3) at the following eight concentration levels:
10,000, 4000, 1000, 500, 125, 25, 5, and 1 ng/mL with respect to the
clinically relevant concentrations reported in clinical trials [13,14]. In
addition, five validations standards were prepared at the following
concentrations: 10,000, 1000, 100, 10, and 1 ng/mL.

2.4. Plasma treatment procedure

A convenient protein precipitation step was performed by mixing a
50-uL aliquot of calibration or validation standards with 150 uL of the
precipitation solution. The mixture was then vortexed and centrifuged
following a standardized procedure (18,620g for 10 min at +4 °C) using
a Benchtop Mikro 220R centrifuge (Hettich, Bach, Switzerland). The
supernatant was finally diluted 1:1 with fresh MilliQ water (100 pL
precipitated plasma + 100 pL H»O into an HPLC vial with insert).

Plasma samples from patients receiving fostemsavir (Rukobia®) as
part of their multiple antiretroviral regimens were analyzed with the
developed LC-MS/MS method as a quality control within the frame of
the hospital routine antiretroviral TDM program. According to Swiss
Law and Institutional rules, ethical approval is not required for a
retrospective case report involving anonymised clinical data (see the
Federal Act on Research involving Human Beings [18]).

2.5. LC-MS/MS instrumentation

LC-MS/MS analyses were performed using a Vanquish Flex ultra-
high-performance liquid chromatography system (ThermoFisher Scien-
tific, San Jose, CA, USA), equipped with a 2-channel binary high-
pressure gradient pump limited to 15,000 psi (1000 bar), a thermo-
stated flow-through needle auto-sampler with temperature range be-
tween 4 °C and 40 °C, and a column oven with temperature range
between 5 °C and 120 °C. Chromatographic separation was conducted
with a Luna® Omega Polar C18 analytical column from Phenomenex
(Torrance, CA, USA) with 3 ym particle size and dimensions of 50 x 2.1
mm. The chromatographic system was coupled to a TSQ Quantis triple
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quadrupole mass spectrometer from Thermo Fisher Scientific, equipped
with an OptaMax NG ion source used in electrospray ionization (H-ESI)
mode. Data acquisition and processing, as well as instrument control,
were performed using the XCalibur software version 4.1.31.9 and
Chromeleon version DCMS link (ThermoFisher Scientific).

2.6. Analytic conditions

The mobile phases (i.e. H,O + 0.1% FA (A) and ACN + 0.1% FA (B))
were delivered at flow rate of 0.5 mL/min using the following multi-step
gradient: linear gradient from 10 to 60% B in 1.5 min, up to 95% B in 0.3
min, followed by an isocratic stage at 95% B for 0.7 min, and a re-
equilibration step at 10% B during 1.5 min (total analysis time of 4
min). The injection volume was 4 pL, and samples were stored at +5 °C
in the auto-sampler.

ESI source parameters were optimized as follows: vaporizer and ion
transfer tube temperatures were both set at 350 °C, and sheath, auxil-
iary, and sweep gas flow rates at 65, 20, and O (arbitrary units),
respectively. The mass resolutions used to operate the first (Q1) and
third (Q3) quadruples were 0.7 and 1.2 Da, respectively. In the second
quadrupole (Q2), the pressure of the collision gas (argon) was set at 2
mTorr. Lastly, the capillary voltage was 3000 V and cycle time was 0.15
s.

2.7. Validation procedure

2.7.1. Selectivity, cross-talk, and carryover

The selectivity of the method was first established by the analysis of
blank human plasma obtained from 10 different donors (seven regular
and three lipemic), processed with pure ACN. Subsequently, a blank
human plasma processed with IS and the highest calibration standard
processed with pure ACN were analyzed to identify potential in-
terferences between temsavir and its IS due to the MS-based cross-talk
phenomenon. Moreover, carryover was assessed by injecting a processed
blank plasma immediately after the highest calibration processed with
IS.

In addition, the LC gradient was optimized to ensure an optimal
chromatographic separation of temsavir from the prodrug fostemsavir,
which differs by one phosphonooxymethyl group (see Fig. 1).

2.7.2. Qualitative evaluation of matrix effect

Matrix effect was qualitatively assessed according to the method
proposed by Bonfiglio et al. [19], which allows the evaluation of the
impact of endogenous compounds on the ionization process. A temsavir
solution at 100 ng/mL in ACN:H0 (3:1) was directly infused post-
column while ten different blank plasma samples (seven regular and
three lipemic) processed with pure ACN were injected using the LC-MS/
MS method described earlier. The resulting chromatographic profiles
were visually inspected for potential matrix interference at the analyte
and IS retention time.

2.7.3. Quantitative evaluation of matrix effect, extraction recovery, and
process efficiency

Matrix effect (ME), extraction recovery (ER), and process efficiency
(PE) were quantitatively evaluated following the approach proposed by
Matuszeswski et al. [20]. Sets of samples at low (20 ng/mL), medium
(200 ng/mL), and high (2000 ng/mL) concentrations were prepared: (A)
neat solutions of ACN:H,0 (37.5:62.5) with temsavir and its IS (in
triplicates); (B) ten post-extraction spiked blank plasma; (C) ten pre-
extraction spiked blank plasma. For each set of samples, the average
analyte to IS peak area ratio was monitored and, subsequently,
normalized matrix effect (n-ME) as B/A (%), normalized extraction re-
covery (n-ER) as C/B (%), and normalized process efficiency (n-PE) as C/
A (%) were calculated.
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2.7.4. Trueness, precision, accuracy profile, limits of quantification, and
linearity

The determination of the intra- and inter-assay accuracy and preci-
sion values was performed at five concentration levels in triplicate over
three different days. The optimal quantitative relationship between
response and concentration was determined by back-calculating the
concentrations of the validation standards using daily calibration curves
constructed with different mathematical regression models. The bias
between the nominal and measured concentrations was used to deter-
mine trueness (systematic error). The precision parameters, i.e. repeat-
ability (intra-day variance) and intermediate precision (intra-day and
inter-day variances), were also calculated [21-23], and reported as
relative standard deviation (RSD) at each concentration level [24]. The
total error, which encompasses both systematic and random errors, was
evaluated thanks to the establishment of accuracy profiles, using
B-expectation tolerance intervals (i.e. the concentration range in which
B% of future results are expected) [25-27]. Typically, the lower limit of
quantification (LLOQ) is graphically interpolated on the basis of the
absolute accuracy profiles, and it is defined as the lowest concentration
for which the B-expectation tolerance interval crosses the acceptance
limits (+£30%) [16,17,28]. In the present case, the LLOQ was also chosen
based on the relevance for routine assays. On the other hand, the limit of
detection (LOD) of the method was assessed by injecting processed
plasma samples spiked with different concentrations below 1 ng/mL.
The chromatograms were visually examined to determine the LOD
values.

Finally, the estimations of trueness and precision, the narrowest
B-expectation tolerance interval, and the lowest LLOQ enabled the se-
lection of the best calibration model [24]. In addition, ordinary least
squares regression of back-calculated concentrations versus nominal
concentrations for validation standards was used to assess the capacity
of the method to give proportional quantitative results.

2.7.5. Measurement uncertainty

The measurement uncertainty (MU) represents the range of possible
values of the result and can be calculated, notably, from the type A
estimation method, which is based on the statistical distribution of
experimental measurements. As demonstrated by Feinberg et al. [29],
MU can be computed from the p-expectation tolerance interval without
any additional experiments. Therefore, by exploiting the accuracy pro-
file validation methodology, it is then possible to estimate MU directly
by setting the p value at 0.95 [30]. Several continuous models were
developed, and the resulting uncertainty profiles were visually inspected
to identify the one best fitting the data. MU values could then be
generated as a function of analyte concentration, allowing the MU to be
easily calculated at any concentration within the validation domain.

2.7.6. Stability studies

The stability of temsavir in plasma and in whole blood at low and
high concentrations (i.e. 100 and 1500 ng/mL, respectively) was eval-
uated at room temperature (RT) and at 4 °C up to 72 h. In addition,
stability after three freeze-thaw cycles (1-hour freezing at —80 °C and
—20 °C and thawing at room temperature) was assessed with plasma
samples. Finally, medium term stability was assessed with plasma
samples frozen at —80 °C during 7 weeks. All the analyses were per-
formed in triplicate and the average concentrations obtained for each
time point was compared with the average concentration of samples
prepared at to.

Despite that plasma concentrations of fostemsavir were found to be
undetectable, thus confirming presystemic conversion to temsavir
[13,31], we still examined the stability of fostemsavir in plasma and
whole blood at RT, to fully exclude any ex vivo conversion to temsavir
(see Fig. 1).

2.7.7. Clinical application
Blood samples were collected in EDTA from PLWH during the usual
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follow-up visits. After centrifugation of the EDTA blood plasma was
transferred into propylene tubes in class II biohazard hoods using
standard biosafety precautions. Samples were stored at —20 °C until
analysis.

3. Results and discussion
3.1. Analytical method development

Optimal precursor and product ions spectra were determined in ESI+
mode by performing direct MS infusion at 10 uL/min of a solution of
temsavir at 5 ug/mL in MeOH. The most abundant precursor ion was,
not unexpectedly, the one corresponding to [M + H]" at m/z 474 Da.
The three most abundant product ions were identified and selected, and
the three corresponding MRM transitions were summed to enhance the
sensitivity during quantification (474 > 104.9, 474 > 214.9 and 474 >
256). No comparison could be made with the literature since no LC-MS/
MS method has been reported yet for the determination of temsavir in
plasma. Optimized MS/MS parameters are reported in Table 1.

Table 1
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In order to avoid spuriously high levels of temsavir resulting from
possible source-induced hydrolysis of fostemsavir during the ionization
step (although unlikely, see comment above in Section 2.7.6), chro-
matographic conditions were optimized to achieve satisfactory separa-
tion between temsavir and its prodrug fostemsavir. Conventional mobile
(H20 + 0.1% FA and ACN + 0.1% FA) and stationary (Luna® Omega
Polar C18 column) phases were found to give appropriate retention and
peak shapes. Mobile phase gradient program was then optimized to
minimize the run time and improve separation. Fig. 2 shows the LC
separation of fostemsavir and temsavir.

A standard, convenient and fast protein precipitation was selected
for the sample treatment. The sensitivity of the method was compared
when using different solvents for the protein precipitation (MeOH and
ACN). ACN turned out to be the best alternative. In order to improve
peak shapes, the supernatant arising from the processed plasma was
diluted 2-fold with milliQ H»O prior to LC-MS/MS injection. With such a
dilution, the injection volume could be increased up to 4 uL, allowing
the best compromise between sensitivity and peak shape.

The MS conditions were optimized by adjusting the ESI source

MS/MS parameters and typical retention times of temsavir, its prodrug fostemsavir and the stable isotopically-labelled IS [*3Cg]-Temsavir.

Compound ESI polarity (+/-) Precursor Ion (m/z)

Product Ion (m/z)

Collision Energy (eV) RF Lens (V) Retention time (min)

584.1 104.9
268.0
486.0
104.9
214.9
256.0
110.9
214.9
256.0

Fostemsavir +
474.0

Temsavir +

[13Ce]-Temsavir + 480.0

43
42
18
24
38
22
24
38
22

136 1.49

148 1.91

149 1.91

ESI: Electrospray Ionization.
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Fig. 2. Chromatographic profiles showing the separation of temsavir and its prodrug fostemsavir as synthetic standards in a solution of ACN:H,O (3:1) at the

concentration of 2000 ng/mL.
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parameters to obtain the best signal to noise ratio (i.e. minimizing
background noise while improving signal sensitivity). In order to obtain
satisfactory IS-normalized response functions, the concentration of
[13Cg]-Temsavir was adjusted. An intermediate concentration of 250
ng/mL in the precipitation solution was selected in order to avoid
excessive variability at lower concentrations and potential significant
contribution of the residual unlabeled IS to the analyte signal at higher
concentrations.

3.2. Validation of the method

3.2.1. Selectivity, cross-talk, and carryover

The analyses of the ten different blank plasmas demonstrated good
selectivity of the chromatographic method, with no significant matrix
interference observed at the retention time of temsavir. In addition, no
relevant cross-talk interference between temsavir and its IS was
observed when inspecting the chromatographic profiles corresponding
to the injections of a blank human plasma processed with the precipi-
tation solution (containing the IS) and the highest calibration concen-
tration (10,000 ng/mL) processed with pure ACN. Finally, carryover
experiments revealed a signal at 32% of the LLOQ (injection of a blank
plasma after the calibration standard with highest concentration). The

95
90
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75

gl bbb bl

70
|

60

Relative Abundance
B S (%)) (¢4
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w
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o

o
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FDA recommendations (carryover of less than 20% of LLOQ) were
finally fulfilled by adding an injection of blank MeOH in between the
highest calibration samples and the first sample of the analytical series
constituted by blank human plasma.

3.2.2. Matrix effect, extraction recovery, and process efficiency

Fig. 3 shows that no major interference, i.e. ion suppression or
enhancement, was observed at the retention time of temsavir, thus
confirming the suitability of the chromatographic method. The major
signal alterations were observed at retention times between 0.2 and 0.3
min (total ion suppression due to elution of polar compounds from
plasma) and between 2.4 and 2.8 min (strong ion suppression due to
elution of phospholipids from plasma).

On the other hand, Table 2 presents the quantitative results of the
evaluation of n-ME, n-ER and n-PE. All the values were comprised be-
tween 80 and 120% for all the concentrations levels, with RSD values
lower than 15%. In conclusion, the IS was well adapted to correct (if
needed) the signal variability due to interferences from the processed
plasma and the potential loss of analyte during the sample treatment.

TIC F: + ¢ ESI SRM ms2
474.000
[104.899-104.901,
214.899-214.901,
255.999-256.001] MS

i | i “
a\yij,

«,I \‘)h )

WA A
Ji
(e v
/,{ |¢{'.'Jﬂ‘4r\v |

v

o
o
o

Time (min)

LIRS e O O O B B B B
0.6 0.8 1.0 12 1.4 16

L LIS L LA L I I B O O |

24 26 238 3.0 32 3.4 3.6 3.8 4.0

Fig. 3. Qualitative evaluation of matrix effect in human plasma. Overlaid LC-MS/MS profiles were obtained from the injections of ten different blank plasma samples
(including 3 lipemic plasmas) processed with pure ACN, during post-column infusion of temsavir at 100 ng/mL in ACN:H20 (3:1). Temsavir peak obtained with the

developed method was overlayed for interpretation.

Table 2

Internal standard-normalized matrix effect (n-ME), extraction recovery (n-ER), and process efficiency (n-PE) for temsavir (average value calculated from 10 different

human plasmas).

Concentration nME nER nPE
L
(ng/mL) % RSD (%) % RSD (%) % RSD (%)
Temsavir/ [13(]6] -Temsavir 20 97 6 112 6 108 2
200 98 9 116 2 114 2
2000 101 8 113 7 114 2

RSD: relative standard deviation.
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Fig. 4. Accuracy profile over the considered validation domain of temsavir in human plasma (five concentration levels in triplicate over three different days).
Trueness (red solid line), upper and lower B-expectation tolerance intervals (B = 90%) (blue dotted lines) and acceptance limits (A = £30%), beige dotted lines)

are shown.

3.2.3. Trueness, precision, accuracy profile, limits of quantification, and
linearity

The quadratic log-log regression model provided the best response
function (i.e. temsavir/IS peak area ratio in function of temsavir con-
centrations) in terms of determination coefficient and back-calculated
calibration samples (+15%). Validation standards of temsavir, calcu-
lated using the calibration curves, ranged from 1 to 10,000 ng/mL. At all
validation sample concentrations examined, the trueness was comprised
between 100% and 106%, while the repeatability (i.e. within-run pre-
cision) and the intermediate fidelity (i.e. between-run precision) ranged
from 1.6% to 5.8%, respectively, and were therefore considered
appropriate for the quantification of temsavir plasma levels.

The p-expectation tolerance intervals (i.e. fraction of future results
that are expected to fall within the tolerance intervals obtained in the
routine application of the method [32]) were generated by setting the
value to 90%. Fig. 4 shows the accuracy profile generated from the data
obtained during the three days of method validation. For all validation
concentration levels, the p-expectation tolerance intervals are encom-
passed within the acceptance limits of +30% for biological samples
[17]. Therefore, the LLOQ and the upper limit of quantification (ULOQ)

Table 3

were defined as the lowest and highest concentrations of validation
sample, i.e. 1 ng/mL and 10,000 ng/mL, respectively. It was observed
that temsavir could be reliably detected at 100 pg/mL, and thus possibly
quantified at lower concentrations than 1 ng/mL. However, it did not
seem relevant for clinical applications to try to reduce the LLOQ.

Finally, linearity turned out to be satisfactory since determination
coefficients (R%) values were above 0.999 for the three days of
validation.

3.2.4. Measurement uncertainty

A polynominal regression model best described the absolute uncer-
tainty vs concentration profile, with an R? of 1. As shown in Table 3, the
relative uncertainty is higher at low concentrations of the validation
domain, reaching a maximum of 14% for the LLOQ.

3.2.5. Stability studies

Results for stability studies, reported in Table 4, show that temsavir
is stable in plasma and whole blood samples at RT and +4 °C for at least
72 h. In addition, the three consecutive freeze-thaw cycles did not affect
plasma concentrations. Finally, the medium-term stability studies

Accuracy and precision values for the method validation of temsavir in human plasma, as well as the estimation of relative uncertainty.

Precision

Concentration (ng/mL) Trueness (%)

Repeatability (%)

Intermediate precision (%) Relative uncertainty (%)

Temsavir 1 104.1 5.8 5.8 14
10 99.7 2.6 3.8 11
100 105.0 2.6 2.6 6
1000 105.3 1.6 1.6 4
10,000 100.9 2.1 2.6 7
Table 4
Stability studies.
Compound  Concentration (ng/mL)  Plasma Whole blood After 3 consecutive Stability of plasma samples over 7 weeks
freeze-thaw cycles
RT for 72 h +4°Cfor 72 h RT for 72 h +4°C for 72 h At —-20°C At —80 °C At —80 °C
Temsavir 100 1% 2% —6% -1% 1% 2% —5%
1500 2% 1% —7% —3% 0% -1% 13%

RT: room temperature.
Data are reported as deviations from concentration measured at to.
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Conversion of fostemsavir to temsavir in whole blood
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Fig. 5. Conversion of fostemsavir to temsavir in plasma (left panel) and in whole blood (right panel) after incubation of fostemsavir at 2000 ng/mL at room
temperature. The analyses were performed in triplicate (points) and mean values were represented with lines.

demonstrated that temsavir plasma samples were not altered after 7
weeks of freezing at —80 °C. Fig. 5 illustrates the conversion of fos-
temsavir into temsavir in plasma and in whole blood. The results show
that there is a rapid conversion of fostemsavir to temsavir ex vivo.
Nevertheless, fostemsavir is not expected to be found in blood samples
collected from PLWH as the conversion to temsavir is presystemic
[13,31].

3.3. Clinical application

Fig. 6 shows an example of LC-MS/MS profile of a plasma sample
collected from a PLWH receiving Rukobia® 2 times a day on the top of
an antiretroviral regimen consisting of dolutegravir twice daily, lam-
ivudine once daily, and ibalizumab injected intravenously every-two
weeks. The method was also applied for temsavir quantification in a
plasma from another PLWH receiving Rukobia® twice daily in addition
to dolutegravir twice daily and emtricitabine every 96 h. Both of these
patients are also receiving multiple medications for their co-morbidities.
Temsavir plasma concentrations in these patients were 391 ng/mL and
504 ng/mL, 15 h and 7 h after the intake of fostemsavir, respectively.
These concentrations are in line with reported data [33,34].

As expected, the signal of the pro-drug fostemsavir which is moni-
tored in parallel at m/z transition 584.1 > 486.0, 584.1 > 268.0 and
584.1 > 104.9 is not observed. No other peaks were found, despite a
very complex multiple drugs regimen, demonstrating again the exqui-
sitely selectivity of the LC-MS/MS approach.

4. Conclusion

A sensitive LC-MS/MS method for the quantification of temsavir in
human plasma was developed and validated. International recommen-
dations for bioanalytical determination were fulfilled over a large con-
centration range to cover the plasma levels of temsavir reported so far in
clinical trials. The method has been included to the routine analyses of

the Laboratory of Clinical Pharmacology of Lausanne University Hos-
pital (CHUV), Switzerland. As an integrated part of our routine thera-
peutic drug monitoring service for antiretrovirals, this method offers the
opportunity to perform in-depth pharmacokinetic studies of temsavir in
heavily treatment-experienced patients, possibly improving patient
care.
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Fig. 6. LC-MS/MS profile of a human plasma sample collected from a PLWH receiving Rukobia® 2 times a day as part of an antiretroviral salvage-regimen that also
included lamivudine once per day, dolutegravir twice per day, and ibalizumab every 2 weeks.
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