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ABSTRACT

To facilitate future pharmacokinetic studies of combination treatments against leishmaniasis in remote
endemic regions, a simple and cheap sampling methodology was required for miltefosine
quantification. The aim of this study was to validate a liquid chromatography-tandem mass
spectrometry method to quantify miltefosine in dried blood spots (DBS) and to validate its use in
Ethiopian visceral leishmaniasis (VL) patients. Since hematocrit (Ht) values are typically severely
decreased in VL patients, regressing to normal during treatment, the method was evaluated over a
range of clinically relevant Ht values.

Miltefosine was extracted from DBS using a simple pre-treatment method with methanol,
resulting in >97% recovery. The method was validated over a calibration range of 10-2,000 ng/mL and
accuracy and precision were within +11.2% and <7.0% (<19.1% at LLOQ), respectively. The method
was accurate and precise for blood spot volumes between 10—30 pL and for an Ht of 20—-35%, though
a linear effect of Ht on miltefosine quantification was observed in the bioanalytical validation. DBS
samples were stable for at least 162 days at 37°C.

Clinical validation of the method using paired DBS and plasma samples from 16 VL patients
showed a median observed DBS:plasma miltefosine concentration ratio of 0.99, with good correlation
(Pearson’s 1=0.946). Correcting for patient-specific Ht did not further improve the concordance
between the sampling methods.

This successfully validated method to quantify miltefosine in DBS was demonstrated to be a
valid and practical alternative to venous blood sampling which can be applied in future miltefosine

pharmacokinetic studies in leishmaniasis patients, without Ht-correction.
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INTRODUCTION

Miltefosine is currently the only oral drug against both cutaneous (CL) and visceral leishmaniasis
(VL) and new studies to evaluate the use of miltefosine-based combination therapies in VL and HIV
co-infected VL patients are underway (1). Recently it was discovered that miltefosine treatment failure
is associated with lower drug exposure: the time that miltefosine plasma concentrations were above
10x the 50% effective concentration (17.9 pg/mL) was correlated with final treatment failure or
success (2). This stresses the need for adequate pharmacokinetic (PK) monitoring in these clinical
trials.

Both CL and VL are poverty-related diseases which mainly affect populations in resource-
poor and remote regions of Africa, Asia and South America. Classically, human blood plasma is
collected by venous sampling for the measurement of drug concentrations, e.g. employing liquid
chromatography-tandem mass spectrometry (LC-MS/MS). A bioanalytical method to quantify
miltefosine in plasma has been validated and reported previously (3). However, technologies such as
LC-MS/MS are not available in the regions where VL is endemic and samples therefore need to be
transported to appropriate facilities for analysis. The required cold storage (3) and transport of these
plasma samples is logistically highly challenging and, on top of that, expensive. In addition, plasma
sampling by venipuncture is an invasive and risky sampling method, particularly for severely
weakened and anaemic HIV co-infected VL patients. A large proportion of VL patients in East Africa
is pediatric (4), which limits both the total volume and number of plasma PK samples that can be
taken by venous blood sampling. Dried blood spot (DBS) sampling is therefore an attractive
alternative to plasma sampling in these settings because it is minimally-invasive and requires only a
small volume of blood (5-9), which is particularly advantageous in pediatric studies (10, 11).
Additionally, storage and shipment is possible at room temperature and is therefore simple, low cost
and hence is preferred in remote areas without proper laboratory setup.

A major hurdle in the application of DBS sample collection is, however, the effect of
hematocrit (Ht) and blood spot volume on the measured drug concentrations (12—14). Ethiopian VL
patients had a decreased median Ht of 25% (range Ht 23-30%) at initiation of treatment (15), which

slowly regressed towards Ht 33% (range Ht 27-37%) after a 30 day treatment with sodium antimony
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gluconate (15). HIV co-infected VL patients show similar Ht values during active VL infection (mean
haemoglobin concentration of 9 g/dl, corresponding to an Ht value of approximately 27% (16)). Since
miltefosine has a long terminal half-life (30.9 days) (17) and accumulates during treatment,
pharmacokinetic sampling is typically performed at various time points during treatment and up to
several months after end of treatment. Ht values show high within-subject variability within this
period and may influence the outcome of drug measurements when using DBS sample collection.

Additionally, blood spot volume can vary widely between patients due to the variation in
blood flow and the penetration of the lancet in the finger. Viscosity of the blood increases with the
increase of Ht (18) and therefore the blood flow and possibly blood spot volume can be expected to be
larger for patients with a lower Ht.

Here we describe the development and validation of a rapid LC-MS/MS method to quantify
miltefosine levels in DBS in a range from 10-2,000 ng/mL, according to the current Food and Drug
Administration (FDA) and European Medicines Agency (EMA) guidelines (19, 20) and European
Bioanalysis Forum (EBF) recommendations (21, 22) for DBS assays. Furthermore, this study
evaluates and validates the clinical applicability of this method by comparing paired DBS and plasma

samples from 16 Ethiopian HIV co-infected VL patients, who received miltefosine treatment.

METHODS

1. Chemicals and reagents

Miltefosine was purchased from Sigma-Aldrich (Zwijndrecht, the Netherlands). Deuterated
miltefosine (miltefosine-D4, see Figure 1), was purchased from Alsachim (Illkirch Graffenstaden,
France). Methanol and water were obtained from Biosolve Ltd. (Valkenswaard, the Netherlands).

Ammonia 25% was purchased from Merck (Amsterdam, the Netherlands).

2. Materials

For the collection of DBS, pure cellulose-based cards (Whatman® 903 protein saver cards) were used.
These cards, together with foil bags and desiccant packages for storage of DBS were purchased from
GE Healthcare Europe GmbH (Diegem, Belgium). A Harris 3.0 mm micro-punch® was used for
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punching the DBS. Whole blood (WB) was collected in K,EDTA BD Vacutainers® from healthy
volunteers and stored at 2-8°C for a maximum of 2 days. WB was adjusted to an Ht level of 30+1%
(Ht30 WB) to mimic the Ht of VL patients, by dilution with plasma. Ht levels were determined with

the Cell Dyn Hematology analyser (Abbot Diagnostics, Lake Forest, IL, USA).

3. Preparation of calibration standards and QC samples
Stock solutions of 1 mg/mL miltefosine were prepared from independent weightings in methanol-
water (1:1, v/v). Separate stocks were diluted to working solutions with methanol-water (1:1, v/v) for
the preparation of calibration standards and quality control (QC) samples. A stock solution of 1
mg/mL deuterated miltefosine (miltefosine-D4) was prepared and diluted to internal standard working
solution of 4,000 ng/mL miltefosine-D4 in methanol-water (1:1, v/v). This working solution was
further diluted with methanol to a 20 ng/mL miltefosine-D4 extraction solution. Stock and working
solutions were stored at nominally -20°C.

Calibration standards were diluted 1:20 (v/v) in Ht30 WB to final concentrations of 10, 20,
100, 500, 1,000, 1,400, 1,800 and 2,000 ng/mL. QC samples were diluted 1:20 (v/v) in Ht30 WB to
final concentrations of nominally 10, 24, 300 and 1,600 ng/mL (lower limit of quantification, LLOQ;
low level, QCL; mid level, QCM; high level, QCH, respectively). Additionally an >ULOQ (above
upper limit of quantification) sample of 40,000 ng/mL was prepared and used to determine dilution
integrity.

A volume of 20 pL of spiked whole blood was spotted on Whatman 903 cards and air dried at
least for 3 hours at room temperature. When comparing samples that were dried for 3 hours to samples
that were dried overnight (15-20 hours), no effect was found for the additional drying time (bias

within £6.1%).

4. Sample pre-treatment
After drying, a 3.0 mm punch was taken from the center of the DBS and transferred to a 1.5 mL
Eppendorf tube. To prevent spot-to-spot puncher carry-over, an unspotted filter punch was taken after

each sample punch. 150 uL of extraction solution (20 ng/mL miltefosine-D4 in methanol) was added

5
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to the sample with the exception of double blanks to which 150 uL of methanol was added. The tubes
were mixed for 10 seconds, sonicated for 30 minutes and mixed for another 30 seconds. Subsequently
the final extract was transferred to an autosampler vial and 10 pL was injected onto the HPLC column.
No additional recovery of miltefosine from the blood spot was found when using longer sonication

times.

5. Liquid chromatography-tandem mass spectrometry

Chromatographic separation was performed as described for the miltefosine plasma method previously
validated (3), using a Gemini C18 pre-column (4.0 mm x 2.0 mm I.D.; Phenomenex, Torrance, CA,
USA) and an analytical column (Gemini C18, 150 mm x 2.0 mm LD., 5 pum particle size;
Phenomenex), with an isocratic eluent of 10 mM ammonia in 95% methanol (v/v) at 0.3 mL/min. The
HPLC system (Agilent 1100 series, Palo Alto, CA, USA) consisted of a binary pump, in-line degasser,
autosampler (at 4°C) and column oven (at 25°C). The miltefosine concentrations were analyzed on an
API-3000 triple-quadrupole mass spectrometer equipped with a turbo-ionspray source (Sciex,
Framingham, MA, USA), operating in positive ion mode. Table 1 summarises the MS operating

parameters.

6. Validation of assay for the quantification of miltefosine in DBS

The validation of the assay was performed according to the most current EMA and FDA guidelines for
the validation of bioanalytical assays (19, 20) regarding the following aspects: calibration model,
accuracy and precision, LLOQ, selectivity (endogenous interferences and cross analyte interferences),
carry over (instrumentation and spot-to-spot carry-over), dilution integrity, matrix effect and recovery.
Additional experiments were performed for the application of dried blood spots as a matrix according
to EBF recommendations (21, 22): blood spot volume, blood spot homogeneity and different WB Ht
values were tested for their effect on accuracy and precision at two concentration levels (QCL and
QCH). Stability was tested up to 162 days at four nominal temperatures: -70°C, -20°C, room

temperature (20-25°C) and 37°C.
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7. Clinical application

As part of a larger randomized clinical trial (NCT02011958) investigating the treatment of Ethiopian
HIV co-infected VL patients with high dose liposomal amphotericin B alone (40 mg/kg total dose
given over 24 days) or liposomal amphotericin B (30 mg/kg total dose given over 11 days) in
combination with a 28-day miltefosine regimen (2.5 mg/kg daily), paired plasma and DBS samples
were collected from 16 patients. Ethical approval was obtained from the Ethiopian National Research
Ethics Review Committee, the Institutional Review Board of University of Gondar in Ethiopia, and
ethics committees from Médecins Sans Frontieres, London School of Hygiene & Tropical Medicine
and the Institute of Tropical Medicine Antwerps. Regulatory approval was obtained from the Food,
Medicine and Health Administration and Control Authority in Ethiopia. All patients provided written
informed consent before entering the study. DBS and plasma samples were collected simultaneously at
day 29 of miltefosine treatment, one day after the last miltefosine dose, when patients are considered
to have reached steady-state/maximal levels.

Plasma samples were collected using K;EDTA BD Vacutainers® and after centrifugation,
plasma was isolated and stored and transported at -20°C until analysis. DBS samples were collected
from a finger-prick using a lancet (GST corporation, New Delhi, India). A drop of blood was applied
on a Whatman® 903 protein saver card without touching of the filter paper with the finger tip. DBS
samples were allowed to air-dry for at least 3 hours before being stored in an air- and watertight
ziplock bag containing at least three desiccant packages. DBS samples were stored and transported by
courier at room temperature. Ht levels of the patients were determined on a Beckman Coulter AcT
Diff Hematology Analyzer (Beckman Coulter, Fullerton, CA, USA).

Observed DBS and plasma concentrations were compared using weighted Deming regression
and a Bland-Altman difference plot was used to depict the agreement between both methods. All
statistical analyses were performed with R (version 3.1.2). The acceptance criteria for the agreement
between the observed and derived plasma concentration were based on the guideline for incurred
sample reanalysis of the EMA: the difference between the observed and derived miltefosine plasma

concentration should be within £20% for at least 67% of the samples (19).
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RESULTS

1. Calibration model

Calibration standards at eight concentration levels in the range from 10-2,000 ng/mL were prepared
and analyzed in duplicate on three separate days at the beginning and end of the analytical run. To
obtain the lowest total bias across the range, the linear regression of the analyte/internal standard peak
area ratio (AR) versus the concentration of miltefosine (x) was weighted, 1/x* The calibration curve
was accepted if 75% of the non-zero calibration standards were within +15% of their nominal
concentration (£20% for the LLOQ). At least one calibration standard at the LLOQ and ULOQ should
be accepted. All three calibration curves met these criteria and had correlation coefficients (R?) of

>0.9964.

2. Accuracy and precision

The accuracy and precision of the method were determined by analyzing the LLOQ, QCL, QCM and
QCH in five-fold in three separate analytical runs. Intra-assay and inter-assay bias values were within
+15% of the nominal concentrations for all QC samples. As displayed in Table 2, intra- and inter-
assay precision (expressed as coefficient of variation, CV) were <7.0% for QCL, QCM and QCH and
<19.1% for the LLOQ. Both the accuracy and precision of the method were therefore found to be

acceptable.

3. Lower limit of quantitation

The first blank and the five LLOQ quality control samples were used to determine the signal to noise
ratio in three analytical runs. The signal to noise ratio of miltefosine at LLOQ level was above 5 for all
three runs (9.6, 5.3 and 5.8, respectively). Figure 1 shows representative LC-MS/MS ion
chromatograms of miltefosine and the internal standard in a double blank sample and an LLOQ

sample.
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4. Specificity and selectivity

Six different batches of human WB were collected from six healthy donors, adjusted to Ht30 WB and
both a double blank and an LLOQ sample were prepared from each batch. The samples were
processed and analyzed as described above. The six LLOQ samples were all within £20% of their
nominal values. For the double blank samples, five out of six batches showed no interferences at the
retention time of miltefosine over 20% of the peak area of the LLOQ sample and none of the double
blanks showed a peak for miltefosine-D4 higher than 5% of the internal standard peak area. Selectivity
was therefore considered sufficient.

To test the cross-analyte interference, an ULOQ sample was prepared as described above, but
subsequently processed by adding methanol as the extraction solvent (excluding internal standard).
Additionally, the internal standard was spiked separately to a double blank sample at the nominal
concentration. No internal standard interferences were observed on the analyte signal and additionally

no interference from the analyte was measured for the specific mass transition of the internal standard.

5. Dilution integrity

The mean miltefosine concentration at the end of a 28-day treatment (150 mg/day) was found to be
around 30,000 ng/mL in Dutch CL patients (17). Therefore, an >ULOQ sample of 40,000 ng/mL was
used in the dilution integrity experiment. The >ULOQ sample was prepared as described previously
and the final extract was subsequently diluted 100 times with the final extract of a processed blank
DBS (extracted with extraction solvent containing the internal standard). The dilution steps were as
follows: first, 10 pL >ULOQ final extract was diluted with 90 pL of blank final extract and
subsequently 10 pL of this dilution was further diluted with another 90 pL of blank final extract.
The % deviation of the diluted >ULOQ samples were within £3.3% of the nominal concentration and
the precision <2.0% and therefore it was concluded that samples exceeding the ULOQ (up to 40,000

ng/mL) can be diluted as described, applying a dilution factor of 100.



(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

247

248

249

250

251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

6. Carry-over
Two types of carry-over are important to investigate in the validation of dried blood spots methods:
instrument carry-over and spot-to-spot carry-over caused by the punching device. These two sources
of carry-over were tested. Spot-to-spot carry-over samples were prepared by punching spots in
following sequence: an ULOQ sample, unspotted filter paper (to get rid of most of the carry-over), a
blank spot, unspotted filter paper, a blank spot. These two blank spots were processed as described
previously and injected after the ULOQ. The combined instrument and spot-to-spot carry-over of the
two samples was compared to the mean value of five LLOQ samples measured and was found to be
below 19.3% of the LLOQ.

However, in clinical practice miltefosine concentrations are often expected to exceed the
calibration range of 10-2,000 ng/mL. Samples with an expected concentration around the ULOQ or
>ULOQ should preferably be analyzed in one batch. After punching a 40,000 ng/mL >ULOQ sample,

carry-over is acceptable (<20% of LLOQ) at the fourth blank spot punched subsequently.

7. Matrix factor and recovery
The matrix factor (MF) and recovery were tested in six different batches of Ht30 WB, spiked at QCL
and QCH in singlicate. 10 pL spots were prepared from these solutions, so-called “processed DBS
samples”. For the analysis, the entire spot was cut out and processed as described previously with 150
pL extraction solvent. Additionally, “matrix absent” and “matrix present” samples were prepared, for
which two neat solutions were first prepared: MF-L (MF-low, 24.4 ng/mL miltefosine) and MF-H
(MF-high, 1630 ng/mL miltefosine) in extraction solvent (20 ng/mL miltefosine-D4 in methanol). The
“matrix absent” samples were prepared by diluting 10 uL of these neat solutions with 140 pL of
extraction solvent. The “matrix present” samples were prepared by cutting out the entire 10 uL blank
spots of the six different Ht30 WB batches, after which 10 uL. of MF-L or MF-H solution and 140 uL
extraction solvent was added.

MF was calculated for each batch by calculating the ratio of the miltefosine peak area in the
“matrix present” sample compared to the “matrix absent” sample. The MF at both tested

concentrations was around 0.3 as a result of matrix effects (ion suppression). The IS-normalized MF

10
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was around 1.0 which indicated that the stable isotope-labeled internal standard is effectively
compensating for any matrix effects. At both tested QC levels, the CV of the absolute and IS-
normalised MF calculated from the six different Ht30 WB batches, were below 11.5%.

Given that the internal standard is added as extraction solution, it is not part of the sample pre-
treatment and therefore the IS-normalised values were used to determine recovery. The sample pre-
treatment recovery was calculated by comparing the area ratio (AR) of the “processed DBS sample”
with the AR of the “matrix present” samples. IS-normalised sample pre-treatment recovery was
around 100% (97.2% for QCL and 103% for QCH). At both tested QC levels the CV of the IS-
normalised recovery from the 6 batches was below 6.7%.

Both the matrix effect and recovery experiments were considered acceptable because the CV

calculated from the six different Ht30 WB batches was consistent and below 15%.

8. Stability

DBS QC samples were prepared at two concentration levels (QCL and QCH) as described previously
and air-dried at room temperature overnight. The subsequent day the samples were stored in sealed
aluminium bags with three desiccant packages at four temperatures: -70°C, -20°C, room temperature
(20-25°C) and 37°C. Stability was tested at day 34, 58, 107 and 162 and the measured concentration
was within £12.5% of the nominal concentration and precision was <10.7%. Stability of miltefosine in
DBS was proven to be at least 5 months (162 days) at temperatures ranging from -70°C to 37°C, when

stored in sealed aluminium bags with three desiccant packages.

9. Blood spot homogeneity

Blood spot homogeneity was investigated in 20 pL. Ht30 WB DBS at QCL and QCH level in triplicate.
3.0 mm punches were taken at the perimeter instead of the center of the spot. The bias was 21.8% for
the QCL and 18.0% for the QCH (CV < 7.4%), which points out the importance of punching the

center of the spot.

10. Effect of blood spot volume

11
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For all of the validation procedures described here, a standard fixed spot volume of 20 puL was used.
QCL and QCH were spotted in blood spot volumes reflecting the procedure in clinical practice: 10, 15,
25 and 30 pL. Samples were analyzed in triplicate. Accuracy and precision were all within +13.4%,
indicating that variability in the blood spot volume between 10 to 30 uL has no effect on the accuracy

and precision of the method [data not shown].

11. Effect of hematocrit
Human WB was adjusted to a range of Ht values that were expected in clinical practice in HIV co-
infected VL patients: 20%, 23%, 31% and 35%. For each Ht level, QCL and QCH samples were
spiked and analyzed in triplicate. The accuracy and precision of DBS samples within this Ht range
were all within +14.1% and <7.2% respectively and were therefore considered acceptable (within
+15%) [data not shown]. However, a linear effect of Ht on the miltefosine quantification was
nevertheless visible in these experiments and therefore a wider range of Ht values was prepared to
investigate the relation between Ht and the bias in miltefosine quantification. Human WB was
adjusted to five different Ht levels (10, 21, 30, 40 and 51%), spiked at two concentration levels (QCL
and QCH) and spotted with a volume of 20 pL. Samples were analyzed in triplicate.

Figure 3 depicts the bias caused by Ht (%, on y-axis) in area ratio of quality control samples
prepared in WB with different Ht values relative to standard quality control samples prepared in WB
Ht30. The linear trend in the percent bias of the miltefosine concentrations with increasing Ht values

relative to Ht30 could be described by equation 1 (R*=0.9761):

Equation 1: Biasy; = (0.013 x Ht —0.359) x 100%

The same Ht range was spotted at 10, 30, 40 and 50 uL and the linear regression had approximately

the same slope regardless of the blood spot volume [data not shown].

12. Clinical evaluation: DBS vs plasma concentrations in patient samples
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A total of 16 paired DBS and plasma samples were available from miltefosine-treated Ethiopian HIV
co-infected VL patients. Samples originated from the last treatment day, during which miltefosine
plasma concentrations exceed the ULOQ. Miltefosine concentrations ranged from 8,420-29,300 and
6,920-29,300 ng/mL for DBS and plasma, respectively. The median of the ratio of the observed
miltefosine DBS to plasma concentration is 0.99 (range: 0.83-1.22). The correlation between paired
individual observed miltefosine plasma and DBS concentrations is depicted in Figure 4 using a
weighted Deming regression. The slope of the weighted regression line was 0.87 [95%CI: 0.70-1.04]
with an intercept of 2091 [95%CI: -1132-5313] (Pearson’s r = 0.946). The line of true identity, with a
regression slope of 1, lies within the 95% CI of the Deming regression line (see Figure 4). This would
indicate an approximately equal distribution of miltefosine over blood plasma and erythrocytes.
Miltefosine (indicated as “MIL”) plasma concentrations can thus be derived from the observed

DBS concentration using the derived Deming regression equation, as follows:

(IMIL]pgs — 2091)

Equation 2: [MIL]plasma, derived ~ 0.87

All derived miltefosine plasma concentrations calculated from the observed DBS concentrations using
equation 2, were within £20% of the observed plasma concentration as shown in the Bland-Altman
plot (Figure 5).

Large between-patient variability in baseline Ht values is expected in VL patients and Ht
typically increases over time during the treatment period when patients recover from their infection.
Given the effect of Ht on the miltefosine quantification in DBS established in the bioanalytical
validation, the appropriateness of Ht-correction of the clinical DBS concentrations was assessed using
the patients’ paired DBS and plasma samples. Individual patient Ht values were available for all paired
samples, ranging between 23.4% and 44.0% with a median of 30.5%. We tested Ht-correction of the
observed DBS concentration for these clinical samples by using equation 1, describing the effect of Ht

on the miltefosine quantification in the bioanalytical validation, resulting in equation 3:

13
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[MIL] DBS, observed

Equation 3: MIL =
quatio 3 [ ]DBS, corrected 0.641 + 0.013 x Ht

The correlation between the Ht-corrected DBS concentration and the corresponding observed plasma
concentration using a weighted linear Deming regression resulted in a slope of 0.83 [95%CI: 0.73-
0.94] with an intercept of 2051 [95%CI: 238-3863] (Pearson’s r = 0.951; graph not shown). The 95%
CI of both the slope and intercept of the Ht-corrected and non-Ht-corrected regression lines were
overlapping, indicating that Ht-correction does not provide a significantly better fit. While all derived
plasma concentrations were within 20% of the observed plasma concentration without Ht-correction,
two out of the 16 paired samples were outside the +20% bias relative to the observed plasma
concentration when first correcting the DBS concentration for the Biasyr (see Figure 6). Furthermore,
there was no obvious or systematic trend visible in the bias of the derived plasma concentration (no
Ht-correction) versus the Ht level (Figure 7). Based on the clinical validation, correction of miltefosine

DBS concentrations for their Ht value appeared not to be appropriate.

DISCUSSION

The here described assay is the first assay to measure miltefosine concentrations in patients using the
less invasive DBS sample collection, to facilitate and support future clinical trials investigating new
anti-leishmanial treatment regimens encompassing the drug miltefosine. The assay was successfully
validated according to FDA/EMA guidelines and EBF recommendations. With this method,
miltefosine can be accurately and precisely quantified with an LLOQ of 10 ng/mL, and concentrations
as high as 40,000 ng/mL can be analyzed by a 100-fold dilution. Paired miltefosine DBS and plasma
samples were collected from 16 HIV co-infected VL patients in Ethiopia. This clinical evaluation
demonstrated a good correlation between observed plasma and DBS concentrations. Miltefosine
plasma concentrations derived from the observed DBS concentrations using a weighted Deming
regression were within 20% of the observed plasma concentration, over a wide range of concentrations.
We showed here that the observed miltefosine DBS concentrations are approximately equal to the

paired observed plasma concentrations. This indicates an equal distribution of miltefosine between

14
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erythrocytes and plasma in blood of miltefosine-treated VL patients, an observation which has not
been shown previously, to the best of our knowledge. DBS samples were found to be stable for at least
162 days up to 37°C, using a simple storage procedure with desiccant packages, which enables storage

of the miltefosine PK DBS samples at room temperature in tropical regions.

Influence of Ht on miltefosine DBS measurements

The patients included in our study showed variable Ht-values as described previously (15), with a
median of 30.5% which is around the standardized Ht of 30% used for the preparation of calibration
standards and QCs in this assay. Despite a linear correlation between Ht and the miltefosine DBS
quantification bias observed during the laboratory bioanalytical validation, no such trend in bias due to
Ht was found in the clinical application with individual patients’ Ht ranging from 23.4% to 44.0%.
Neither did Ht-correction significantly improve the calculation of the derived miltefosine plasma
concentration from the observed DBS concentration in patient samples. Additionally, four out of 16
patients exceeded the validated Ht range (35.2%, 37.2%, 38.4%, 44.0%), but also for these the
observed plasma concentrations were accurately described by the observed DBS concentration,
without the need for Ht correction.

These findings show that the observed Ht effect on miltefosine quantification in the
bioanalytical validation cannot be confirmed in the clinical validation. Several factors can be
hypothesized to have an effect on miltefosine quantification in clinical practice, which could
altogether potentially counteract the observed effect of Ht on miltefosine determination. The most
general explanation for the Ht effect on analyte quantification is that the Ht impacts the distribution of
the applied blood over the filter paper (12). Blood with a high Ht will spread less and therefore the
fixed-diameter sub-punch will contain a larger volume of blood than for blood with a lower Ht. It
could be debated that when spotting the bioanalytical validation samples with a pipette, more pressure
is applied than with a finger-prick spotting in which the drop merely falls onto the paper. This
difference in blood flow upon application of the blood spot on the filter paper might theoretically

reduce the total blood volume contained in the 3.0 mm punch from the dried blood spot.
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It could also be hypothesized that the blood spot volume is larger for patients with a lower Ht
value, due to lower viscosity of the blood leading to a higher blood flow. However, when comparing
the blood spot diameter as an indication of blood spot volume (23) for the blood spots in this clinical
validation, no such trend was found between Ht and blood spot diameter for the patient samples
(R?=0.002) [data not shown]. Therefore this is not likely to explain the absence of Ht-related bias in
the miltefosine quantification of clinical samples.

Additionally, the DBS samples used in the bioanalytical validation differ from the clinical
DBS samples in terms of matrix. While the clinical samples are derived from capillary blood obtained
by finger puncture, venous blood obtained by venipuncture was used for bioanalytical validation
purposes for practical reasons. It has previously been described that the analyte concentrations in these
two matrices could differ, mostly explained by the slower distribution equilibrium towards the
capillaries (24). However, miltefosine accumulates during treatment and reaches steady-state levels
during the last week of treatment in most patients. As the clinical DBS samples are collected one day
after the last dose of miltefosine, we do not expect the miltefosine concentration to differ between
these two matrices.

Finally, during the bioanalytical validation the effect of Ht is tested while other blood
constituents, such as plasma proteins and other blood cells, were kept constant. However, in clinical
samples these blood constituents may be variable and potentially also correlated with the Ht value,
affecting the miltefosine quantification. For instance, serum albumin levels are significantly lower
during active VL infection compared to healthy controls (25), as are Ht levels, and both anemia and
low albumin levels were found to be a risk factor for poor clinical outcome in VL (26). A low Ht and
low albumin levels are therefore expected to be correlated. Miltefosine is highly protein bound (96-
98%) and the majority of the protein-bound fraction (97%) is bound to albumin (27). This could imply
that reduced serum albumin levels theoretically lead to an increase in the unbound miltefosine fraction
in plasma and correspondingly to an increased distribution of miltefosine towards the erythrocytes (5).
The effect of blood protein changes on the quantification of miltefosine, concurrently with low Ht

levels, cannot be accounted for in the bioanalytical validation.
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In conclusion, various clinical factors potentially affect the miltefosine quantification,
cancelling out the systematic bias caused by Ht and making individual Ht correction redundant in
clinical practice. Nonetheless, the absence of a bias due to Ht in the clinical samples makes the
application of DBS sample collection easier in the field without the explicit need for concurrent Ht

measurements and thus allows for DBS sample collection without expensive laboratory equipment.

Applicability of miltefosine DBS sampling method

For the clinical validation we only had a limited number of paired samples available. While there is no
strict consensus about the required number of paired samples for method comparisons, the evaluation
of forty samples has been proposed (28). However, the collection of additional paired samples in the
highly anemic HIV co-infected patients of this study was unfortunately not feasible due to practical
limitations and ethical constraints. Paired patient samples were available over a wide but relatively
high (*ULOQ) range of miltefosine plasma concentrations between 6,920-29,300 ng/mL. However, as
no trend could be observed concerning the effect of Ht on miltefosine quantification from DBS in
clinical practice over this wide concentration range, we do not expect that Ht-correction will be needed
for lower concentration ranges.

We have demonstrated that DBS sample collection is a valid alternative to plasma sampling
for the quantification of miltefosine, which has many practical advantages. DBS sampling is
minimally invasive and only requires a minute volume of blood. This is particularly beneficial for the
method’s application in a pediatric population, a large proportion of VL patients is below 12 years old,
but also e.g. in highly anemic HIV co-infected VL patients. Additionally, the DBS collection
constitutes a low biohazard risk, by reducing the risk of needle stick incidents when sampling HIV co-
infected VL patients. Finally, expensive and logistically challenging cold-chain storage and transport
is not required for the DBS samples, simplifying the conduct of PK studies in remote areas where

leishmaniasis is endemic and only limited clinical and laboratory infrastructure is available.

TRANSPARENCY DECLARATIONS

None to declare.

17



Antimicrobial Agents and

Antimicrobial Agents ana

Accepted Manuscript Posted Online

Chemotherapy

Chemotherapy

466

467

468

469

470

471

472

473

474

475

476

ACKNOWLEDGEMENTS

We would like to acknowledge all VL patients in Gondar for their willingness to participate in this
study. This research was conducted in collaboration with the Drugs for Neglected Diseases initiative.
The research leading to these results has received funding from the European Union Seventh
Framework Programme, Medicor Foundation (Liechtenstein), and Federal Ministry of Education and
Research (BMBF) through KfW and part of the EDCTP2 programme supported by the European

Union (Germany).

18



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

477

478

479
480
481
482
483

484
485
486

487
488
489
490

491
492
493
494

495
496

497
498
499

500
501

502
503
504

505
506

507
508

509
510

REFERENCES

10.

11.

Omollo R, Alexander N, Edwards T, Khalil EAG, Younis BM, Abuzaid AA, Wasunna M,
Njoroge N, Kinoti D, Kirigi G, Dorlo TPC, Ellis S, Balasegaram M, Musa AM. 2011.
Safety and Efficacy of miltefosine alone and in combination with sodium stibogluconate and
liposomal amphotericin B for the treatment of primary visceral leishmaniasis in East Africa:
study protocol for a randomized controlled trial. Trials 12:1-10.

Dorlo TPC, Rijal S, Ostyn B, de Vries PJ, Singh R, Bhattarai N, Uranw S, Dujardin J-C,
Boelaert M, Beijnen JH, Huitema ADR. 2014. Failure of miltefosine in visceral
leishmaniasis is associated with low drug exposure. J Infect Dis 210:146—153.

Dorlo TPC, Hillebrand MJX, Rosing H, Eggelte TA, de Vries PJ, Beijnen JH. 2008.
Development and validation of a quantitative assay for the measurement of miltefosine in
human plasma by liquid chromatography-tandem mass spectrometry. J] Chromatogr B Analyt
Technol Biomed Life Sci 865:55-62.

Harhay MO, Olliaro PL, Vaillant M, Chappuis F, Lima MA, Ritmeijer K, Costa CH,
Costa DL, Rijal S, Sundar S, Balasegaram M. 2011. Who is a typical patient with visceral
leishmaniasis? Characterizing the demographic and nutritional profile of patients in Brazil,
East Africa, and South Asia. Am J Trop Med Hyg 84:543-550.

Emmons G, Rowland M. 2010. Pharmacokinetic considerations as to when to use dried blood
spot sampling. Bioanalysis 2:1791-1796.

Spooner N, Lad R, Barfield M. 2009. Dried Blood Spots as a Sample Collection Technique
for the Determination of Pharmacokinetics in Clinical Studies: Considerations for the
Validation of a Quantitative Bioanalytical Method. Anal Chem 81:1557-1563.

Wilhelm AJ, den Burger JCG, Swart EL. 2014. Therapeutic drug monitoring by dried blood
spot: progress to date and future directions. Clin Pharmacokinet 53:961-973.

Jager NGL, Rosing H, Schellens JHM, Beijnen JH. 2014. Procedures and practices for the
validation of bioanalytical methods using dried blood spots: a review. Bioanalysis 6:2481—
2514.

Edelbroek PM, Heijden J van der, Stolk LML. 2009. Dried Blood Spot Methods in
Therapeutic Drug Monitoring: Methods, Assays, and Pitfalls. Ther Drug Monit 31:327-336.

Patel P, Mulla H, Tanna S, Pandya H. 2010. Facilitating pharmacokinetic studies in children:
a new use of dried blood spots. Arch Dis Child 95:484-487.

Pandya HC, Spooner N, Mulla H. 2011. Dried blood spots, pharmacokinetic studies and
better medicines for children. Bioanalysis 3:779-786.

19



Anfimicrobial A

(19)
=
&
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

511
512
513

514
515

516
517
518

519
520
521

522
523
524
525
526

527
528
529

530
531

532
533
534
535
536

537
538
539
540

541
542

543
544
545

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

De Kesel PMM, Sadones N, Capiau S, Lambert WE, Stove CP. 2013. Hemato-critical
issues in quantitative analysis of dried blood spots: challenges and solutions. Bioanalysis
5:2023-2041.

Denniff P, Spooner N. 2010. The effect of hematocrit on assay bias when using DBS samples
for the quantitative bioanalysis of drugs. Bioanalysis 2:1385-1395.

O’Mara M, Hudson-Curtis B, Olson K, Yueh Y, Dunn J, Spooner N. 2011. The effect of
hematocrit and punch location on assay bias during quantitative bioanalysis of dried blood spot
samples. Bioanalysis 3:2335-2347.

Hailu A, van der Poll T, Berhe N, Kager PA. 2004. Elevated plasma levels of interferon
(IFN)-gamma, IFN-gamma inducing cytokines, and IFN-gamma inducible CXC chemokines in
visceral leishmaniasis. Am J Trop Med Hyg 71:561-567.

Diro E, Ritmeijer K, Boelaert M, Alves F, Mohammed R, Abongomera C, Ravinetto R,
De Crop M, Fikre H, Adera C, Colebunders R, van Loen H, Menten J, Lynen L, Hailu A,
van Griensven J. 2015. Use of Pentamidine As Secondary Prophylaxis to Prevent Visceral
Leishmaniasis Relapse in HIV Infected Patients, the First Twelve Months of a Prospective
Cohort Study. PLoS Negl Trop Dis 9:¢0004087.

Dorlo TPC, van Thiel PPAM, Huitema ADR, Keizer RJ, de Vries HJC, Beijnen JH, de
Vries PJ. 2008. Pharmacokinetics of miltefosine in Old World cutaneous leishmaniasis
patients. Antimicrob Agents Chemother 52:2855-2860.

Baskurt OK, Meiselman HJ. 2003. Blood Rheology and Hemodynamics. Semin Thromb
Hemost 29:435-450.

European Medicines Agency. 2011. Guideline on bioanalytical method validation. Committee
for Medicinal Products for Human Use and European Medicines Agency. London, UK.
Available from:

http://www.ema.europa.eu/docs/en_GB/document _library/Scientific_guideline/2011/08/WC50
0109686.pdf

US Food and Drug Administration FDA. 2001. Guidance for Industry: Bioanalytical Method
Validation. US Department of Health and Human, Services Food and Drug Administration, and
Center for Drug Evaluation and Research. Rockville, MD. Available from:
http://www.fda.gov/downloads/Drugs/Guidances/ucm070107.pdf

Timmerman P, White S, Globig S, Liidtke S, Brunet L, Smith C, Smeraglia J. 2011. EBF
and dried blood spots: from recommendations to potential resolution. Bioanalysis 3:1787—-1789.

Timmerman P, White S, Cobb Z, De Vries R, Thomas E, Van Baar B. 2013. Update of the
EBF recommendation for the use of DBS in regulated bioanalysis integrating the conclusions
from the EBF DBS-microsampling consortium. Bioanalysis 5:2129-2136.

20



Antimicrobial A

Anfimicrobial A

(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Chemotherapy

Chemotherapy

546
547
548

549
550
551

552
553
554

555
556
557

558
559
560

561
562

563

564

23.

24.

25.

26.

217.

28.

Hall E, Flores S, De Jesus V. 2015. Influence of Hematocrit and Total-Spot Volume on
Performance Characteristics of Dried Blood Spots for Newborn Screening. Int J Neonatal
Screen 1:69-78.

Mohammed BS, Cameron GA, Cameron L, Hawksworth GH, Helms PJ, McLay JS. 2010.
Can finger-prick sampling replace venous sampling to determine the pharmacokinetic profile
of oral paracetamol? Br J Clin Pharmacol 70:52-56.

Gomes CMC, Giannella-Neto D, Gama ME, Pereira JCR, Campos MB, Corbett CEP.
2007. Correlation between the components of the insulin-like growth factor I system,
nutritional status and visceral leishmaniasis. Trans R Soc Trop Med Hyg 101:660—667.

Mourio MVA, Toledo Jr A, Gomes LI, Freire VV, Rabello A. 2014. Parasite load and risk
factors for poor outcome among children with visceral leishmaniasis. A cohort study in Belo
Horizonte, Brazil, 2010-2011. Mem Inst Oswaldo Cruz 109:147-153.

Kaotting J, Marschner N, Neumiiller W, Unger C, Eibl H. 1992. Hexadecylphosphocholine
and octadecyl-methyl-glycero-3-phosphocholine: a comparison of hemolytic activity, serum
binding and tissue distribution. Prog Exp Tumor Res 34:131-142.

Clinical and Laboratory Standards Institute. 2002. Method Comparison and Bias
Estimation Using Patient Samples; Approved Guideline -EP-09-A2. Wayne, USA.

21



565 FIGURES AND TABLES

Accepted Manuscript Posted Online

566
567
568
| i
) H OH
| || ;
1 i &
N
/\/\/\/\/\/\/\/\ )I"P\ ,
2 e : |
e H i
1 H
,,,,,,,, R
v
569 m/z125.1
570 (0] Miltefosine
571
e D p o
1 1
i .
P N N N N 4 ;
o7 | ™o ] |
2] e) D |
: s ° |
2B 0 e eeeeeme e —————
+* :
<C(D g 572 m/2129.2
= _"Cé 573 (1 Miltefosine-D4
Jg: _Cg 574 Figure 1: Structural formulas of miltefosine and the internal standard miltefosine-D4, indicating the m/z fragments
o
E”
c
<

22

3
=
(o}
)
s 2
(1)
o D
Q
= 2
.0 O
o £
o o
=c
=0
E
3
<




(19)
=
6
O]
(1)
——
U2)
(0)
o
——
o
g
\9}
2]
>
(=
=
O
(1)
——
(O
(19)
O
9}
<(

Antimicrobial Agents and
Chemotherapy

Antimicrobial Agents ana
Chemotherapy

575
576

577
578

Parameter
Run duration 5.0 min
Ionspray voltage +4.5 kV
Turbo gas temperature 400 °C
Turbo gas flow 7 L/min
Nebuliser gas 11 psi
Curtain g as 9 psi
Collision gas 6 psi

Miltefosine Miltefosine-D4
Parent mass 408.5 m/z 412.6 mz
Product mass 125.1 m/z 129.2 m/z
Dwell time 400 ms 400 ms
Collision energy 43V 43V
Collision exit potential 22V 22V
Declustering potential 71V 71V
Focussing potential 290 V 290 V
Entrance potential 12v 12V
Typical retention time 2.6 min 2.6 min

Table 1: MS operating parameters for the determination of miltefosine in dried blood spots

Nominal
Run conc. (ng/ml) Bias (%) CV (%) 4 replicates
1 10.1 -9.0 9.1 5
2 10.1 8.1 7.1 5
3 10.1 4.8 19.1 5
Inter-assay 10.1 1.3 14.3 15
1 242 1.2 5.8 5
2 242 6.3 4.6 5
3 242 1.1 6.5 5
Inter-assay 242 2.8 5.8 15
1 302 2.0 1.3 5
2 302 -2.5 3.6 5
3 302 11.2 6.2 5
Inter-assay 302 3.6 7.0 15
1 1610 -0.5 5.4 5
2 1610 0.9 5.2 5
3 1610 5.5 35 5
Inter-assay 1610 1.9 5.1 15

Table 2: Intra-assay and inter-assay accuracy (bias %) and precision (CV%) determined by analyzing quality control samples
at four concentrations: LLOQ (10.1 ng/mL), QCL (24.2 ng/mL), QCM (302 ng/mL) and QCH (1610 ng/mL).
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Figure 4: Observed miltefosine dried blood spot concentrations plotted against their corresponding observed plasma
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Figure 5: Bland-Altman difference plot depicting the difference between the derived plasma concentration using the Deming
regression equation based on the observed DBS concentration, and the observed plasma concentration. The dashed lines
represent the 20% bias compared to the observed plasma concentration.
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