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Abstract

A senditive assay for the simultaneous determination of N,N’,N"-triethylenethiophosphoramide (thioTEPA), its metabolite
N,N’,N"-triethylenephosphoramide (TEPA), cyclophosphamide (CP) and its metabolite 2-dechloroethylcyclophosphamide
(2-DCE-CP) in plasma has been developed and validated. The analytes were determined using gas chromatography with
nitrogen/phosphorus selective detection after liquid—liquid extraction with chloroform using 100 pl of plasma. Di-
phenylamine (for TEPA, thioTEPA and 2-DCE-CP) and imipramine (for CP) were used as interna standards. The limits of
guantitation for thioTEPA, TEPA, CP and 2-DCE-CP were 5, 5, 50 and 250 ng/ml, respectively. Linear calibration curves
were observed over two decades of concentration. Accuracy, within-day and between-day precision were less than 13% for
all analytes. Stability of the analytes proved to be satisfactory for at least 1 month, stored at —70°C. Analysis of samples
obtained from patients receiving cyclophosphamide, thioTEPA and carboplatin in a high-dose regimen demonstrated the
applicability of the assay. [ 1998 Elsevier Science BV. All rights reserved.
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1. Introduction

Cyclophosphamide (CP, 2-[bis-(2-chloroethyl)
amino]-tetrahydro- 2H - 1,3,2, - oxazaphosphorine- 2 -
oxide, Endoxan") and thioTEPA (N,N’,N"-triethyl-
enethiophosphoramide, Ledertepa”) are both alkylat-
ing agents that have been used in cancer therapy for
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many years [1,2]. CP and thioTEPA have attracted
renewed attention as they are part of various high-
dose chemotherapy schedules with haematopoietic
stem cell support [3]. In these high dose regimens
the dose of common antineoplastic agents, such as
the akylating agents and the platinum containing
compounds carboplatin and cisplatin, can be in-
creased up to 10-fold, because bone marrow toxicity
is no longer the dose-limiting toxicity. However,
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other toxicities become more prominent [4]. CP and
thioTEPA are frequently used simultaneously in
these regimens because of their toxicity profile and
potential synergistic antitumour activity [3].

CP is a prodrug which requires oxidation by the
mixed-function oxidase cytochrome P450 enzymes
to 4-hydroxycyclophosphamide which is in equilib-
rium with its tautomer aldophosphamide. Upon
spontaneous elimination of acrolein, phosphoramide
mustard is formed which is considered the ultimate
alkylating species. Various inactivation routes for CP
exist. One of these inactivation routes is the side
chain oxidation of CP to 2-dechloroethylcyclophos-
phamide (2-DCE-CP) and chloracetaldehyde.
Chloracetaldehyde is considered to be responsible for
neurctoxicity [1].

ThioTEPA is rapidly metabolized by an oxidative
desulfuration mediated by the cytochrome P450 to
yield N,N’,N"-triethylenephosphoramide (TEPA).
Like thioTEPA, TEPA exhibits akylating activity
and is therefore considered pharmacologically active
[5]. Fig. 1 shows the structures of CP, 2-DCE-CP,
thioTEPA and TEPA.

Little is known about the pharmacokinetics and its
correlation with pharmacodynamic outcome of these
agents in high-dose chemotherapy regimens. Phar-
macokinetic monitoring can be a strategy to in-
dividualize dosing. Validated analytical methods are
thus necessary in order to perform these phar-
macokinetic studies.

Combined analysis of thioTEPA and TEPA has
been described using gas chromatography (GC) with
nitrogen/phosphorous selective flame ionisation de-
tection (NPD), with various sample pretreatments
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Fig. 1. Chemical structures of CP (upper left), 2-DCE-CP (upper
right), thioTEPA (lower left) and TEPA (lower right).

such as liquid—liquid extraction (LLE) [6-8] or
solid-phase extraction (SPE) [9]. For these methods
relative large volumes of plasma were used. A
laborious high-performance liquid chromatography
(HPLC) method with fluorescence detection after
SPE followed by derivatization has also been re-
ported [10]. CP is usualy also determined using GC
with NPD or mass spectrometry (MS) detection with
[11] or without [12-14] derivatization. However,
HPLC [15] and polarographic methods [16] have
also been described but lack the required sensitivity.
For CP and four of its metabolites, a relative
insensitive and laborious thin-layer chromatography
system with densitometry for quantitation has been
described [17]. The CP metabolite 2-DCE-CP (i.e.
3-dechloroethylifosfamide), can aso be determined
using GC [18]. For both thioTEPA and CP de-
rivatization methods are often very labour-intensive
making a method without derivatization preferable.

A method for the simultaneous determination of
thioTEPA, CP and some of their metabolites would
be very convenient for pharmacokinetic studies
within high-dose chemotherapy, but has never been
reported. Hence, the aim of our study was to develop
and to validate a sensitive method using micro
volumes (100 wl) of biological matrix preferably
without derivatization.

2. Experimental
2.1. Chemicals

ThioTEPA (Ledertepa) was obtained from AHP
Pharma (Hoofddorp, Netherlands), CP, 2-DCE-CP,
4-ketocyclophosphamide, 4-hydroperoxycyclophos-
phamide, phosphoramide mustard and carboxyphos-
phamide were a kind gift of Dr. Pohl (Asta Medica,
Frankfurt am Main, Germany). TEPA was synthes-
ized at the Faculty of Chemistry, University of
Utrecht, according to the method described by Craig
and Jackson [19]. Identity and purity of TEPA were
assessed by GC, GC-MS, *H-, *C- and *'P-NMR.
Purity turned out to be >98%. All gasses used were
obtained from Hoekloos (Schiedam, The Nether-
lands). Ethanol, methanol and chloroform were pur-
chased from Biosolve (Valkenswaard, The Nether-
lands). Diphenylamine (Merck, Amsterdam, The
Netherlands) and imipramine HCl (OPG, Amster-
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dam, The Netherlands) were used as internal stan-
dards. Blank plasma was obtained from the Central
Laboratory of Blood Transfusion (Amsterdam, The
Netherlands). Distilled water was used throughout
and al other chemicals used were of analytical grade
and used without further purification.

2.2, Instrumentation

A gas chromatograph (HP 5890 series I, Hewlett-
Packard, Amstelveen, The Netherlands) equipped
with a flame ionization nitrogen/phosphorous selec-
tive detection system (NPD), a split/ splitless injector
and an autosampler (model HP 6890, Hewlett-Pac-
kard) was used. A 25 mx0.32 mm CP Sil-13 CB
(Chrompack, Middelburg, The Netherlands) column
with a film thickness of 0.25 um was used. The
injector and detector temperatures were 250 and
275°C, respectively. Splitless injection was used.
Helium was used as carrier gas at a flow-rate of 3
ml/min. The flow-rates of the gasses for the detector
were: hydrogen 3 ml/min, air 95 ml/min and make-
up (helium) 25 ml/min. The oven temperature
program started at 100°C and was ramped directly at
10°C/min to 180°C, then to 220°C at 40°C/min and
kept at 220°C for 6 min. Hereafter the temperature
was ramped to 275°C at 40°C/min. Finaly, the oven
was kept at 275°C for 2 min, resulting in a total run
time of 19 min. Data were recorded with a Spectra
Physics model 4270 integrator (Spectra Physics,
Santa Clara, CA, USA) and reprocessed using the
PC1000 system (Thermo Separation Products, Breda,
The Netherlands).

MS measurements were performed on a Finnigan
MAT GCQ GC-MS combination equipped with a
A200S autosampler (Finnigan MAT, Veenendaal,
The Netherlands). The same capillary column was
used, the oven temperature started at 100°C and was
ramped a 10°C/min to 180°C, at 40°C/min to
220°C, and then kept at 220°C for 8 min. The
transfer line was maintained at 275°C. The measure-
ments were performed in the positive ion electron
impact (ElI) mode with an electron energy of 70 e/
and a scan range of 70—-400 m/z

2.3 Sample pretreatment

Samples of 100 wl plasma (diluted with blank
human plasma if necessary) were transferred to a

1.5-ml eppendorf tube. A 100-ul volume of water,
20 wpl of a 20 pg/ml diphenylamine solution in
methanol (internal standard for thioTEPA, TEPA and
2-DCE-CP), 20 pl of a 25 pg/ml imipramine HCI
solution in water (interna standard for CP) and 10
wl of a1 M NaOH solution and 750 wl of chloro-
form were added. This mixture was vortexed for 30 s
and then centrifuged for 5 min at 10500 g. The
plasma layer was removed and the chloroform layer
was transferred into a 1.5-ml eppendorf tube. The
organic layer was evaporated under a gentle stream
of nitrogen at ambient temperature to a volume of
50-100 wl. A 100-p! volume of ethanol was then
added and, again, it was evaporated to reach the
same volume. Again, 100 ul ethanol were added and
this mixture was evaporated to a fina volume of
50-100 pl. Of this mixture, 1 wl was injected into
the GC system.

2.4. Calibration

Drug-free human plasma (100 wl) was spiked with
100 pl of a solution of thioTEPA, TEPA (both in
concentrations of 5, 10, 25, 50, 100, 250 and 500
ng/ml), CP and 2-DCE-CP (both in concentrations
of 50, 100, 250, 500, 1000, 2500 and 5000 ng/ml) in
water in appropriate concentrations. To this mixture
20 pl of a 20 pg/ml diphenylamine solution in
methanol, 20 pl of a 25 wg/ml imipramine HCI
solution in water, 10 wl of a1 M NaOH solution and
750 wl of chloroform were added. This mixture was
further processed as described in Section 2.3.

2.5. Validation

A three-run validation on the following parameters
was performed: accuracy, within-day and between-
day precision, linearity, selectivity and specificity,
extraction efficacy, stability, limit of detection
(LOD) and lower limit of quantitation (LLQ).

2.6. Accuracy, precision and linearity

Quality control samples were prepared at con-
centrations of 5, 25, 250 en 500 ng/ml for thioTEPA
and TEPA and 50, 250, 2500, 5000 ng/ml for CP
and 2-DCE-CP. Four replicates of each quality
control sample were analyzed simultaneously with
calibration curves in three consecutive runs. The
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accuracy was defined as the percentage of the mean
deviation from the nominal concentration.

The within-day and between-day precision were
caculated with a one-way analysis of variance
(ANOVA) using the anaytica run as the group
variable. From the ANOVA analysis the day mean
square (DayMS), error mean square (ErrMS) and
grand mean (GM) were obtained. Within-day and
between-day precision were defined using Egs. (1)
and (2), respectively, where n is the number of
replicates.

Within-day precision(%) = 100 X (ErrMS)°°/GM
(1)

Between-day precision(%) = 100 X (DayMS
— ErrtMS)/n)*°/GM (2)

The linearity of three calibration curves for each
analyte was tested with the F-test for lack of fit [20],
using a weight factor of 1/(conc.)® in order to avoid
biasing in favour of the high standards. The devia-
tion from the theoretical concentration is calculated
for each calibration concentration.

2.7. Secificity and selectivity

Possible interference from endogenous compounds
was investigated by the analysis of six different
blank plasma samples. All known metabolites of CP
were investigated for interference with the analytical
method:  4-ketocyclophosphamide, carboxyphos-
phamide, 4-hydroxycyclophosphamide, phosphor-
amide mustard and didechloroethylcyclophos-
phamide. Carboplatin, granisetron, acetaminophen,
temazepam, dexamethasone, oxazepam and sodium-
2-mercaptoethane sulphonate (MESNA) were tested
comedication frequently given in high-dose chemo-
therapy. All compounds were tested in a fina
concentration of 20 pg/ml in plasma

2.8 Extraction efficacy

The extraction efficacy was determined at 25, 100
and 500 ng/ml for thioTEPA and TEPA and at 250,

1000 and 5000 ng/ml for 2-DCE-CP and CP. Four
replicates were analyzed at each concentration level.
Because the exact final volume of the samples after
the sample pretreatment is unknown, the recovery of
the extraction was determined using the external
standard, methaqualone. During the sample pretreat-
ment exactly 600 wl of the chloroform layer were
transferred to the second eppendorf tube and after the
sample pretreatment 10 pl of a 10 wg/ml solution of
methaqualone in ethanol were added to processed
and nonprocessed samples. The ratios of the areas of
the analytes and methagualone were used and the
extraction efficiencies were calculated by dividing
these ratios for the processed and the nonprocessed
samples, corrected for the volume of the chloroform
layer transferred.

2.9. Limit of detection and limit of quantitation

The LOD for thioTEPA, TEPA, 2-DCE-CP and CP
was determined using a signal-to-noise ratio of 3.
The LLQ was defined as the lowest concentration
with a deviation from the nomina concentration
(measure of accuracy) and a relative standard devia-
tion (measure of precision) of less than 20%. The
upper limit of quantitation (ULQ) was arbitrarily
defined as 500 ng/ml for thioTEPA and TEPA, and
5000 ng/ml for 2-DCE-CP and CP.

2.10. Analysis of patient samples

Plasma samples were analyzed, obtained from a
patient treated with a high-dose chemotherapy reg-
imen consisting of 1000 mg/m® CP by a 1-h
infusion (t=0) followed by 265 mg/m? carboplatin
by a 1-h infusion and 40 mg/m? thioTEPA in a0.5-h
infusion. ThioTEPA was given each 12 h for 4 days,
CP and carboplatin were administered each day for 4
consecutive days. Blood samples were obtained
during the first day before start of the infusions and
at t=30, 60, 90, 120, 150, 165, 180, 210, 285, 330
and 390 min and the next day before the infusions.
Blood samples were centrifuged immediately for 3
min a 2500 g at 4°C and plasma was stored at
—70°C until analysis. All samples were analyzed
within 2 weeks of collection.
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211 Sability

The stability of thioTEPA, TEPA, CP and 2-DCE-
CP stored at —70°C for a period of 1 month,
including three freeze—thawing cycles, was investi-
gated by analyzing 20 patient samples obtained as
described in Section 2.10 immediately after collec-
tion and 1 month after the first anaysis.

The stability of the processed samples during
storage in the autosampler was tested over a period
of 30 h by reanalyzing all calibration samples after
30 h. The recovery after this period was calculated
by dividing the slope of the calibration curve after 30
h in the autosampler by the slope of the initial
calibration curve.

2.12. Satistics

All statistical calculations were performed with the
Statistical Product and Service Solutions (spss) for
Windows, version 6.1 (SPSS, Chicago, IL, USA).
Correlations were considered statistically significant
if calculated P values were 0.05 or less.

3. Results and discussion
3.1. Chromatography and detection

Fig. 2 shows two chromatograms of patient
samples obtained before and 5 h after the last
infusions (methaqualone was added as an external
standard). Due to the thermal instability of underiva-
tized CP in the GC system, two peaks originating
from CP appear in the chromatogram [11,14]. In our
chromatogram two peaks were also identified repre-
senting the product of CP formed by intramolecular
cyclization (Fig. 3) and the parent. The formation of
the intramolecular cyclization product of CP was
increased using a high injector temperature (250°C)
in combination with alow starting temperature of the
oven temperature program (100°C). Using this
combination the peak area of the parent was less than
15% of the peak area of the intramolecular cycliza-
tion product over the whole concentration range and
a good linear relationship between concentration and
peak area of the intramolecular cyclization product
was found. The ratio between parent CP (peak 6) and
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Fig. 2. Chromatograms of patient samples obtained before (lower
ling) and after CP and thioTEPA infusions (upper ling). Peaks and
corresponding  concentrations:  1=TEPA (307 ng/ml), 2=
thioTEPA (30 ng/ml), 3=2-DCE-CP (concentration <LLQ), 4=
diphenylamine, 5=intramolecular cyclization product of CP (44
prg/ml), 6=CP, 7=methagualone and 8=imipramine.

the intramolecular cyclization product (peak 5) re-
mained constant. In Fig. 4a and b the mass spectra of
CP and its intramolecular cyclization product are
depicted. The retention times for TEPA, thioTEPA,
2-DCE-CP, diphenylamine, the intramolecular cycli-
zation product of CP, CP, methaqualone and imi-
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Fig. 3. Intramolecular cyclization of CP.
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Mass spectrum of the intramolecular cyclization product of CP. The fragment with m/z= 175 originates from [M —CH,-Cl] ", m/z=224

originates from [M]".

pramine were 6.5, 7.0, 7.5, 8.0, 11.0, 11.8, 13.2 and
13.6 min, respectively. The chromatographic con-
ditions provide a good separation between the ana-
lytes. However, a very small peak (<1% compared
to diphenylamine) originating from blank plasma has
the same retention time as diphenylamine. This small
peak did not influence the analytical performance.
With GC-MS all analytes and the internal standards
were identified to be the original products, the peak
with retention time 9.8 min was identified to be
caffeine. Diphenylamine can be used as interna
standard for al analytes. However, since CP and
diphenylamine were eluted at very different tempera-
tures, the use of a second internal standard increased
the robustness of the method. Facchinetti et a. used
imipramine as internal standard for CP after LLE

with ethylacetate [12]. Imipramine also proved to be
a good internal standard for CP in our assay.

MS was tested as detection method but NPD gave
superior detection sensitivity. An advantage of MS
detection is its high selectivity but the selectivity of
the assay using NPD detection in combination with
the chromatographic system proved to be satisfac-
tory.

3.2 Extraction

LLE with chloroform was chosen as the single
extraction method. For TEPA and thioTEPA SPE
[10] and LLE with ethylacetate [6] or chloroform [7]
have been described. CP and 2-DCE-CP can be
extracted with ethylacetate [12,18], although for CP
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Table 1

Extraction efficacy of thioTEPA, TEPA, 2-DCE-CP and CP from plasma

Concentration Concentration Extraction efficacy (%)=S.D.
2-DCE-CP and CP thioTEPA and TEPA TER thioTEPA >-DCE-CP cP n
(ng/ml) (ng/ml)

250 25 70 (£2.1) 83 (=1.5) 21 (+2.8) 87 (+5.1) 4
1000 100 65 (+1.8) 88 (£2.8) 22 (+2.3) 76 (x34) 4
5000 500 71 (£4.1) 94 (+5.0) 29 (+2.8) 81 (+2.9) 4

S.D.=standard deviation.

various other extraction methods have been de-
scribed including extraction with chloroform [14]
and SPE [11,15,17]. Chloroform based extractions
provided the best recoveries for thioTEPA, TEPA
and CP and therefore this solvent was chosen as
extraction medium.

Very low recoveries with a high degree of vari-
ability for TEPA, thioTEPA and diphenylamine (5—
20%) were obtained when the chloroform layer was
evaporated under nitrogen at ambient temperature to
complete dryness. The loss of thioTEPA and TEPA
may be explained by evaporation [6,9]. Also ad-
sorption to the tube resulting in only partia reconsti-
tution of the analytes may contribute to the observed
low recoveries. Because chloroform is incompatible
with the NPD detector we used, the chloroform layer
was partialy evaporated and ethanol was added.
After two cycles virtually all chloroform is evapo-
rated and the remaining solution can be injected into
the GC.

In Table 1 the extraction efficacy of TEPA,
thioTEPA, CP and 2-DCE-CP are summarized. The
extraction efficacy for TEPA, thioTEPA and CP were
all >65%. The extraction efficacy of 2-DCE-CP was
20%. We were, however, able to quantitate 2-DCE-
CP with acceptable accuracy and precision. Using
ethylacetate as extraction medium a recovery of

2-DCE-CP from plasma of 44% has been described
[18]. Due to the polar nature of 2-DCE-CP relatively
low recoveries were obtained using LLE.

3.3 Secificity and selectivity

Anaysis of plasma samples obtained from six
different individuals showed no interference of en-
dogenous compounds with the determination of the
analytes and the internal standards used.

The metabolites of CP and the selected comedi-
cated drugs did not interfere with the analysis.
Carboxyphosphamide and MESNA were not ex-
tracted a the high pH used. 4-Hydroxy-
cyclophosphamide is very unstable leading to the
formation of phosphoramide mustard, which was
also not extracted. All other metabolites and selected
comedicated drugs gave no peaks in the chromato-
gram.

3.4. Accuracy, precision and linearity

Data of the assay performance are presented in
Tables 2 and 3 . For TEPA, thioTEPA and CP both
within-day and between-day precisions were less
than 10%. For 2-DCE-CP within-day and between-
day precisions were less than 13%. Accuracy was

Table 2
Accuracy and precision of thioTEPA and TEPA analysis
Nominal conc. Accuracy (%) Within-day Between-day
(ng/ml) precision (%) precision (%)
TEPA 95% C.I. thioTEPA 95% C.I. TEPA thioTEPA TEPA thio-TEPA
5 103.0 98.8-107.3 103.7 99.3-108.1 53 5.0 4.4 5.2

25 101.1 97.6-104.7 98.6 955-101.7 4.6 52 34 @
250 104.4 100.4-108.4 97.9 94.8-101.0 51 52 39 @
500 105.0 102.9-107.2 98.6 96.0-101.2 17 44 32 @

95% C.I.=95% confidence interval.

“No statistically significant deviation between days of analysis was observed additional to the within-day precision.
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Table 3
Accuracy and precision of 2-DCE-CP and CP analysis
Nominal conc. Accuracy (%) Within-day Between-day
(ng/ml) precision (%) precision (%)
2-DCE-CP 95% C.I. CcP 95% C.I. 2-DCE-CP CcP 2-DCE-CP cP
50 - - 106.1 99.8-112.3 - 8.1 - 51
250 101.0 95.5-106.5 102.4 97.7-107.0 7.9 6.5 34 36
2500 96.3 93.3-99.2 1015 96.2-106.9 12.7 32 9.7 9.0
5000 104.1 99.4-108.8 101.0 95.0-107.0 5.6 6.9 5.0 7.3
95% C.I., 95% confidence interval.
Table 5

less than 10% for all analytes in the concentration
range tested. Both accuracy and precision were thus
within the acceptable criteria.

For al anaytes the F-test for lack of fit for
linearity was performed for three calibration curves
and all P values were higher than 0.05 indicating a
linear relationship between response and concen-
tration in the range tested. In Table 4 the deviation
from the theoretical concentration and the relative
standard deviation is given for each anayte at al
calibration concentrations. In Table 5 slopes, inter-
cepts and correlation coefficients for representative
calibration curves are given.

3.5, Sability

For thioTEPA, TEPA, 2-DCE-CP and CP re
coveries after storage for 1 month at —70°C includ-
ing three freeze-thawing cycles were 99.4, 91.0,
96.6 and 95.3%, respectively which is in accordance
with the results of van Maanen et al. [6] and Kaijser
et a. [18].

Table 4

Slope, intercept and correlation coefficient for representative
calibration curves for all analytes

TEPA thioTEPA CP 2-DCE-CP
Slope .00202  0.0104 121 0.0630
Intercept .00068  0.00053 0.0022 —0.0072
R’ 0.998 0.998 0.998 0.995

All analytes were stable in processed samples
during storage for 30 h in the autosampler at ambient
temperature. Recoveries were 101.8, 103.6, 111.4
and 103.3% for thioTEPA, TEPA, 2-DCE-CP and
CP, respectively.

3.6. Limit of detection and lower limit of
guantitation

The LODs for TEPA, thioTEPA, CP and 2-DCE-
CP were 3, 2, 5, 50 ng/ml, respectively. At the
lowest calibration concentration (5 ng/ml for
thioTEPA and TEPA, 50 ng/ml for CP and 250
ng/ml for 2-DCE-CP) both accuracy and precision

Calibration curves. deviation from the theoretical concentration and relative standard deviation for the analytes at all tested calibration

concentrations

Concentration Concentration TEPA thioTEPA CP 2-DCE-CP
(an /ar:?) >DCE-CP (Tnz'/q?nl?”d thioTEPA Dev. RSD. Dev. RSD. Dev. RSD.  Dev. R.SD.
(%) (%) (%) (%) (%) (%) (%) (%)
50 5 +04 96 -02 18 +05 42
100 10 +12 88 +20 31 +00 54
250 25 62 49 —27 74 —40 65 +40 77
500 50 —01 71 +49 74 +20 31 —40 63
1000 100 +19 75 +43 74 -34 80 30 62
2500 250 —02 74 -23 59 +37 97 +00 72
5000 500 +21 90 -51 65 +18 75 +48 31

Dev.=deviation from the theoretical concentration; R.S.D.=relative standard deviation.
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were <20%, therefore these concentrations were
accepted as LLQs.

3.7. Patient samples

In Fig. 5a and b the plasma concentration versus
time curves of thioTEPA, TEPA and CP for a patient
treated with high-dose chemotherapy are shown. The
plasma concentration of thioTEPA decreases bi-
exponentionally as described earlier [6,8]. A substan-

10000 -

tial amount of TEPA was till present before the next
infusion of thioTEPA resulting in accumulation of
TEPA during the 4 days of treatment. The observed
first-order elimination of CP is in accordance with
literature data [4]. 2-DCE-CP could be detected in
patient samples but concentrations were usually less
than the LLQ. As depicted in Fig. 5b some patients
have relatively high concentrations of 2-DCE-CP
which may be correlated to a high risk of developing
neurotoxicity. Because of the sensitivity of the assay,
the described method can aso be used for the
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Fig. 5. (8 Plasma concentrations of thioTEPA (¢) and TEPA ([J) determined in a patient treated with thioTEPA (40 mg/m?) and CP (1000
mg/m?) in combination with carboplatin (265 mg/m?). (b) Plasma concentrations of CP (V) and 2-DCE-CP (M) determined in a patient
treated with thioTEPA (40 mg/m?) and CP (1000 mg/m?®) in combination with carboplatin (265 mg/m?).
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determination in plasma of patients treated with
conventional doses of CP or thioTEPA.

4, Conclusion

The described GC method using LLE with chloro-
form and NPD detection is suitable for the simulta-
neous determination of thioTEPA, TEPA, CP and
2-DCE-CP in plasma of patients treated with CP
and/or thioTEPA, both in high-dose or conventional
dose regimens. The presented method has been
implemented in pharmacokinetic studies of thioTEPA
and CP in our hospital.
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