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Abstract

Cyclophosphamide (CP) is one of the most frequently used anticancer agents. It is a prodrug requiring activation before
exerting cytotoxicity. CP is deactivated to 2-dechloroethylcyclophosphamide (2-DCECP) with formation of an equimolar
amount of chloroacetaldehyde. The aim of this study was to develop and validate a sensitive and simple assay for 2-DCECP
in plasma of patients treated with CP. Sample pre-treatment consisted of solid-phase extraction of 500 wl of plasma over
OASIS HLB (1 ml) cartridges with trofosfamide as internal standard. Separation and detection of underivatized 2-DCECP
was performed with capillary gas chromatography with nitrogen/phosphorous selective detection. Extraction recovery of
2-DCECP exceeded 87%. No interference from endogenous compounds, other metabolites of CP and frequently co-
administered drugs was detected. The assay was linear in the range of 5-5000 ng/ml in plasma. Accuracy, within-day and
between-day precision were less than 11% for the complete concentration range. In plasma, 2-DCECP was stable for at least
1 month when kept at —70°C. Analysis of samples from patients treated with CP demonstrated the applicability of the assay.
In conclusion, a sensitive and simple assay for 2-DCECP in plasma, which meets the current requirements for bioanalytical
assays, was developed. [0 2001 Elsevier Science BV. All rights reserved.
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1. Introduction

Cyclophosphamide (CP) is one of the most fre-
quently used antineoplastic agents in conventional
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and high-dose regimens for both hematological
malignancies and solid tumors [1,2]. CP is a prodrug
with a complex metabolism (Fig. 1). The drug is
activated by the cytochrome P450 to 4-hydroxy-
cyclophosphamide/ aldophosphamide. B-Elimination
of acrolein from 4-hydroxycylophosphamide results
in the formation of the ultimate alkylating metabo-
lite, phosphoramide mustard. A second metabolic
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Fig. 1. Metabolic scheme of cyclophosphamide.

route of CP is side-chain oxidation to yield 2-de-
chloroethylcyclophosphamide (2-DCECP). Chloro-
acetaldehyde, formed in equimolar amounts with the
dechloroethylation of CP, is suspected to be neuro-
toxic, nephrotoxic and cytotoxic [3]. Ifosfamide is a
structural isomer of CP and shows a similar metabol-
ic scheme. Side-chain oxidation of ifosfamide, how-
ever, results in the formation of two dechloro-
ethylated metabolites, 2-dechloroethylifosfamide and
3-dechloroethylifosfamide of which the latter metab-
olite is similar to 2-DCECP.

For the last decade, CP has frequently been used
in various high-dose combinations with hemato-
logical support. The very high doses employed in
these regimens may cause shifts in the metabolic
profile [2,4]. The use of combinations of drugs may
lead to drug—drug interactions which may also have
a major impact on metabolism [2,5]. Furthermore,
CP shows autoinduction which results in an in-
creased clearance of CP and an increased formation
of its metabolites over time [2]. Few data on the
plasma pharmacokinetics of 2-DCECP, however,
exist athough it may provide pivotal insight into the

metabolism, autoinduction and thus therapeutic ef-
ficacy/toxicity of CP [2,6].

Various assays for 2-DCECP (or 3-dechloro-
ethylifosfamide) have been described [7-13]. 2-
DCECP has been determined underivatized using gas
chromatography with nitrogen/phosphorous selec-
tive detection after liquid—liquid extraction with
ethyl acetate or chloroform. The recovery of these
extraction procedures was, however, below 40%
[9,22]. In order to increase sensitivity, solid-phase
extraction (SPE) over C, or C,; columns with a
recovery of 70—90% has aso been used [7,10,13].
Detection sensitivity has been increased by deri-
vatization of 2-DCECP with agents like trifluoro-
acetic acid anhydride (TFAA) [7,8] or N,O-bis-
(trimethylsilyltrifluoroacetamide [11] followed by
gas chromatography with mass spectrometric de-
tection. Baumann et al. analyzed 2-DCECP underiva-
tized in human plasma with liquid chromatography
coupled with mass spectrometric detection [13]. One
major drawback of the described methods is, how-
ever, that they have been developed primarily for the
parent compound and not for the metabolite. The
analytical conditions, including sample pre-treat-
ment, separation and detection, have therefore not
been optimized for the determination of the metabo-
lite. Moreover, most of these methods have been
developed for the determination of series of metabo-
lites, which resulted in very labour-intensive meth-
ods with impaired sensitivity.

Therefore, the aim of this study was to develop a
sengitive and simple assay for the determination of
2-DCECP in plasma of patients treated with CP,
which can support ongoing studies in our Institute
into the pharmacokinetics and pharmacodynamics of
high-dose chemotherapy with CP.

2. Experimental
2.1. Chemicals

2-DCECP, CP and all other metabolites were a
kind gift of Dr. Pohl (Asta Medica, Frankfurt am
Main, Germany). ThioTERPA (N,N’,N"-triethylene-
thiophosphoramide, Ledertepa) was obtained from
AHP Pharma (Hoofddorp, The Netherlands). TEPA
(N,N’,N"-triethylenephosphoramide,  purity>>98%)
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was synthesized as described in detail previously
[14]. All gases used were obtained from Hoekloos
(Schiedam, The Netherlands), methanol and ethyl
acetate were from Biosolve (Valkenswaard, The
Netherlands), trifluoroacetic acid anhydride (TFAA)
from Acros (Geel, Belgium) and diphenylamine from
Merck (Darmstadt, Germany). Blank plasma was
obtained from the Central Laboratory of Blood
Transfusion (Amsterdam, The Netherlands). Digtilled
water was used throughout and all other chemicals
used were of analytical grade and used without
further purification. Various cartridges for SPE were
used: OASIS HLB 1 ml (Waters, Milford, MA,
USA), C,5, C,, silica, phenyl and cyano stationary
phases (al Bond ElutVarian, Middelburg, The
Netherlands).

2.2. Instrumentation

Measurements were performed with a gas
chromatograph (HP 5890 series |1, Hewlett-Packard,
Amstelveen, The Netherlands) equipped with a flame
ionization nitrogen/phosphorous selective detector
(NPD), a split/splitless injector and an autosampler
(model HP 6890, Hewlett-Packard). A 25 mx0.32 mm
CP Sil-13 CB capillary GC column with a film
thickness of 0.25 pm was used (Chrompack, Middel-
burg, The Netherlands). The injector and detector
temperatures were 250 and 275°C, respectively. Split
injection with a split ratio of 1:5 was employed.
Helium was used as carrier gas with a flow-rate of
3 ml/min. Detector gases were hydrogen (3 ml/min),
air (90 ml/min) and make-up (helium, 25 ml/min).
The oven temperature program started at 100°C and
was maintained at this temperature for 1 min,
thereafter the temperature was ramped at 60°C/min
to 190°C, was maintained at 190°C for 3 min and
was finaly ramped to 280°C at 40°C/min and
maintained at 280°C for 2.25 min. Total run-time
was 10 min. Datawererecorded and processed with the
ChromQuest system (Thermo Separation Products,
Fremont, CA, USA).

MS measurements were performed on a Finnigan
Mat GCQ GC-MS combination with an A200S
autosampler (Thermo Separation Products). A
30 mXx0.25 mm DB-5 MS column (J&W Scientific,
Folsom, CA, USA) with a film thickness of 0.25 pm
was used. Splitless injection was employed with

helium as carrier gas at a constant linear velocity of
40 cm/s. A Finnigan model 119418A temperature
programmable injector (PTV) was used (Thermo
Separation Products) which was maintained at 250°C
for isothermal injection or maintained at 100°C until
1 min after injection (smultaneously with closing of
the split valve) and ramped to 250°C in order to
remove excess solvents. The oven temperature was
programmed with 100°C for 2 min, increased at
40°C/min to 250°C at which it was maintained for
5 min. The transferline was maintained at 275°C.
Measurements were performed in the positive elec-
tron impact mode (EI+/MS) with an electron
energy of 70 &V, positive chemical ioniziation mode
(CI+/MS) or negative chemical ionization mode
(Cl=/MS). Chemical ionization was performed with
methane as reagent gas. The mass detector was
equipped with an ion trap which allowed MS/MS
measurements both in the El and CI mode.

2.3. Sample pre-treatment

Blood samples were collected in heparinized tubes
and centrifuged immediately at 4°C for 3 min at
1500 g. Plasma was collected and stored at —70°C
until analysis. A 500-pl volume of plasma was
diluted with 50 pl water whereafter 25 pl of a
100-pg/ml solution of trofosfamide in water were
added as internal standard. Of this sample, 500 wl
were applied to an OASIS HLB extraction cartridge
preconditioned with 1.0 ml methanol and 2.0 ml
water. The columns were washed with 1.0 ml water
and dried under vacuum. Elution was performed with
1.0 ml of methanol and the organic phase was
evaporated under a gentle stream of nitrogen at 40°C.
Samples were reconstituted in 100 pl of methanol.

MS was tested as a detection technique for both
underivatized 2-DCECP with the sample pre-treat-
ment as described and for determination of the
TFAA derivative of 2-DCECP. The TFAA derivative
was prepared by reconstitution of the dry samples
obtained after the SPE procedure in 100 pl ethyl
acetate and 100 pl of TFAA were added subsequent-
ly. The samples were incubated for 1 h a 70°C
whereafter the samples were evaporated to dryness
under a gentle stream of nitrogen a 40°C and
reconstituted in 100 pl of ethyl acetate.

In afina step, the assay was carried out with the
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use of an automated SPE system (ASPEC XL,
Gilson Medical Electronics, Middleton, Wi, USA).
The solid-phase procedure was similar to that de-
scribed, except that to the mixture of plasma, internal
standard and water (575 pl), a 600-pl volume of
water was added whereafter 1 ml of this mixture was
submitted to the extraction cartridges.

2.4. Calibration

Aliquots of drug-free human plasma (500 ul)
were spiked with 50 pl of solutions of 2-DCECP in
water resulting in final concentrations of 5, 10, 50,
100, 500, 1000 and 5000 ng/ml in plasma. At each
calibration level, samples were prepared in duplicate.
These samples were subsequently processed as de-
scribed for the patient samples (see Section 2.11).

2.5. Validation

A three-run validation of the following parameters
was performed: accuracy, within-day and between-
day precision, linearity, selectivity and specificity,
extraction efficiency, stability, limit of detection
(LOD) and lower limit of quantitation (LLQ). Here-
after, the use of automated SPE was evaluated with a
single-run validation. In this run, accuracy, precision
and linearity were evaluated.

2.6. Extraction recovery

The extraction efficiency was determined at 2-
DCECP concentrations of 100 and 1000 ng/ml and a
trofosfamide concentration of 5000 ng/ml by com-
paring processed spiked plasma samples with un-
processed samples in methanol. To all samples,
diphenylamine was added (final concentration 10
pg/ml) as external standard. The extraction recovery
was calculated by comparing the ratio of the peak
area of 2-DCECP or trofosfamide and diphenylamine
in processed and unprocessed samples. Measure-
ments were performed in quadruplicate.

2.7. Accuracy, precision and linearity
Quality control samples were prepared by spiking

500 pl aliquots of plasma with 50 pl of 2-DCECP
solutions resulting in final concentrations of 5, 10,

100, 1000 and 5000 ng/ml in plasma. Five replicates
of each level were analyzed together with a cali-
bration curve in three consecutive runs. The linearity
of the three calibration curves was tested with the
F-test for lack of fit [15] with a weight factor of
1/(conc.)? in order to avoid bias in favour of the high
standards. The accuracy was defined as the per-
centage of the ratio of the observed concentration
and the nomina concentration. Within-day and be-
tween-day precisions were calculated with a one-way
analysis of variance (ANOVA) with the analytical
run as the group variable. From the ANOVA analy-
sis, the day mean square (DayMS), error mean
square (ErrMS) and grand mean (GM) were ob-
tained. Within-day and between-day precisions were
defined with Egs. (1) and (2), respectively, where n
is the number of replicates.

I .. VEIrMS
Within-day precision (%) = 100 X oM )
Between-day precision (%) = 100

\/(DayMS — ErrfMS)/n
X GM 2

For the single-run validation of the automated SPE
system, the relative standard deviation of the five
replicates of each quality control level was calculated
as measure of precision.

2.8. Yecificity and selectivity

Possible interference from endogenous compounds
was investigated by the analysis of six different
blank plasma samples. CP and all its known metabo-
lites were investigated for interference with the
analytical methods: 4-ketoCP, carboxyphosphamide,
4-hydroxyCP, phosphoramide mustard and didech-
loroethylCP.  Carboplatin, granisetron, acetamino-
phen, temazepam, thioTEPA and its metabolite
TEPA, dexamethasone, oxazepam and sodium 2-
mercaptoethane sulphonate (MESNA) are frequently
co-administered in CP-based regimens and were
tested for interference. Interference was tested by
spiking blank plasma with solutions of these com-
pounds followed by sample pre-treatment and analy-
sis. All compounds were tested at a final concen-
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tration of 20 pg/ml which is equa to or exceeds
each clinical relevant concentration.

2.9. Lower limit of quantification (LLQ) and limit
of detection (LOD)

The LOD was determined using a signal-to-noise
ratio of 3. The LLQ was defined as the lowest
calibration concentration with an accuracy and preci-
sion below 20%. The upper limit of quantification
was set at 5000 ng/ml.

2.10. Sability

The stability in plasma was investigated for sam-
ples kept a¢ —70°C for 1 month including three
freeze—thaw cycles. All conditions were tested at
concentrations of 100 and 1000 ng/ml in duplicate.
Samples were analysed together with a freshly
prepared calibration curve.

Stability in the autosampler was investigated by
re-analysing a calibration curve after 48 h. The
stability was calculated by dividing the slope of the
calibration curve after storage by the slope of the
calibration curve analysed immediately after prepara-
tion.

2.11. Patient samples

In order to demonstrate the applicability of the
assay, blood samples were collected from patients
treated with CP (1000 mg/m?/day) in a 1-h infusion
for 4 consecutive days in combination with
thioTEPA (80 mg/m’/day) and carboplatin (265
mg/m?/day) [16].

3. Results and discussion
3.1. Chromatography and detection

The analyte was identified both in calibration and
in patient samples with GC-El + /M S and GC-CI +
IMS. With El+/MS, a base peak at m/z 149 was
found, which corresponds to the [M—CH,CI] " ion.
With Cl+/MS, a base peak at m/z 199 with the
chlorine isotope at m/z 201 was found, which
corresponds to the [MH] " ion.

2-DCECP has a more hydrophilic character than
its parent compound. Therefore, firstly, a stationary
phase of the capillary column (CP sil 8 CB) suitable
for the separation of polar compounds was selected.
With this capillary column, however, thioTEPA had
exactly the same retention time as 2-DCECP. As
thioTEPA is very frequently used in combination
with CP separation was required. Separation was
accomplished with the more hydrophobic stationary
phase of the CP sil 13 CB column. This resulted in
minor peak broadening of 2-DCECP with no in-
fluence on the analytical performance of the assay.

Another solution for the interference by thioTEPA
was considered by the use of MS as detection
technique. In plasma samples in the El+ mode,
however, a relatively high background signa was
found at the m/z ratio of 149 (base peak), which
resulted in low sensitivity. The use of El +/MS/MS
did not improve the sensitivity of the assay suffi-
ciently. Therefore, Cl + /MS/MS was tested and this
resulted in a LOD of approximately 100 ng/ml,
which was dtill higher than the LOD with NPD
detection (1 ng/ml). In order to improve the sen-
sitivity with MS detection, 2-DCECP was deriva
tized with trifluoroacetic anhydride (TFAA) as de-
scribed by Momerency et a. [7]. With TFAA, the
N,N’-bis-trifluoroacetyl derivative of 2-DCECP was
formed. The six fluorine atoms introduced allowed
the use of CI-/MS/MS and the sensitivity was
increased dramatically (LOD approximately 500 pg/
ml), which is comparable to the sensitivity of a
previous published assay with TFAA derivatization
[7]. However, the derivative rapidly degraded in the
autosampler vials with a half-life of 2—6 h at ambient
temperature. Hydrolysis catalyzed by trifluoroacetic
acid (TFA) was considered as cause, but removal of
TFA by prolongation of the evaporation step did not
increase the stability. Furthermore, the performance
of the capillary column rapidly decreased possibly
also caused by TFA. The PTV injector on the GC—
MS system allowed the injection of the derivatization
mixture (TFAA:ethyl acetate) by venting the solvents
at a temperature above the boiling temperature of
these solvents but below the boiling point of the
analyte. By rapidly increasing the temperature of the
injector, the analyte was, thereafter, introduced onto
the column. However, even in the derivatization
mixture the derivative proved unstable.
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Therefore, the described GC—NPD system without
derivatization was considered an acceptable com-
promise between sensitivity and applicability of the
method. Split injection (1:5) was used since it
showed far better reproducibility with an equal LOD
as gplitless injection.

Fig. 2 shows chromatograms of a sample collected
before infusion and 1 h after the end of a 1-h
infusion of 1000 mg/m? CP. 2-DCECP and trofos-
famide eluted with retention times of 4.3 and 8.6
min, respectively.

32 Sample pre-treatment

Different types of SPE columns were tested for the
extraction of 2-DCECP from plasma. No retention
was observed on C,, silica or cyano cartridges. Good
recoveries were obtained with C 4, the OASIS HLB
cartridges and phenyl cartridges. The best repro-
ducibility was obtained with the OASIS HLB col-
umns and, therefore, these were used for the further
development of the method.

Several structural analogues of 2-DCECP were
tested as internal standard. Ifosfamide and 2-de-
chloroethylifosfamide did not improve the perform-
ance of the system mainly due to irreproducible
behaviour in the GC system. Trofosfamide showed a

0.15

0.1

Response (nA)

0.05 -

2-DCECP

good recovery during the sample pre-treatment and
proved to be a suitable internal standard.

The automated SPE system was subsequently
tested for sample pre-treatment. Recovery with this
system was increased by the addition of 600 pl of
water to the plasma samples before the introduction
of the sample onto the extraction cartridge. The use
of this automated SPE system resulted in a less
labor-intensive method.

3.3 Extraction recovery

Diphenylamine, used as externa standard for the
determination of the extraction recovery, had a
retention time of 4.6 min. The recoveries of 2-
DCECP and trofosfamide are shown in Table 1. The
extraction recovery exceeded 80%, which was higher
than or comparable to previous published SPE
procedures [7,11,13].

34. Accuracy, precision and linearity

Table 2 shows details of the calibration curves of
the three-run validation and of the single-run valida-
tion of the automated SPE system. All calibration
curves were linear in the concentration range of
5-5000 ng/ml as demonstrated with the F-test for

Trofosfamide

\U L Patient sample

e J%

Patient blank

0 2 4

6 8 10

Time (min)

Fig. 2. Chromatograms of samples collected before and 1 h after the end of a 1-h infusion of CP (1000 mg/m?) in combination with
carboplatin (265 mg/m?) and thioTEPA (40 mg/m?). 2-DCECP concentration was 468 ng/ml.
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Table 1
Extraction recovery of 2-DCECP and trofosfamide®
Compound Concentration (ng/ml) Extraction recovery (%) R.S.D. (%) n
2-DCECP 100 87.2 74 3
2-DCECP 1000 87.0 10.8 3
Trofosfamide 5000 85.6 12.0 6

*R.S.D., relative standard deviation; n, number of replicates.

Table 2

Details of the calibration curves of the three-run validation and of the single-run validation of the automated SPE system

Validation run Correlation Slope (SE?) Intercept (S.E.) P-value of Number of samples
coefficient (r) lack-of -fit test in calibration curve

1 0.998 3.0%X107“ (4.7x10°°) 0.34 (0.055) 0.27 14

2 0.999 29%x107* (35x107°% 0.20 (0.039) 0.23 14

3 0.998 3.0x107 (5.6x107°) —0.048 (0.066) 0.58 13

Automated SPE system 0.998 2.9%x10°* (4.9%x10°°) 0.050 (0.057) 0.70 14

*S.E., standard error.

Lack of Fit. The correlation coefficient (r) was
higher than 0.998 for all calibration curves. The
accuracy, within-day and between-day precisions are
shown in Table 3. For al concentration levels, the
accuracies and precisions were less than 11%. The
95% confidence interval of the accuracy at con-
centrations of 100 and 5000 ng/ml did not include
100%, but the deviation from the nomina con-
centration at these levels was very small.
Subsequently, the use of the automated SPE
system was validated. Both the absolute signals of
2-DCECP and trofosfamide and the ratio of these
two were comparable to the other validation results.
The ratio of the slope of this calibration curve and
the mean dlope of the three calibration curves
obtained without the use of the automated system
was 99.2%. The calibration curve was aso linear
over the concentration range of 5-5000 ng/ml. The

accuracy and precision of the single-run validation of
this procedure are shown in Table 4. This automated
system, thus, resulted in very good reproducibility
with precisions of less than 2% over the complete
concentration range.

3.5. Sdectivity and specificity

Analysis of plasma samples obtained from six
different individuals did not show interference of
endogenous compounds. ThioTEPA and its main
metabolite TEPA were identified in the chromato-
gram a 4.1 and 3.8 min, respectively. In the
injection system, CP degrades into an internal cycli-
zation product of CP [9]. Both this product (7.4 min)
and parent CP (7.8 min) were detected in the
chromatogram. These compounds did not interfere
with the analysis. It was, however, impossible to

Table 3
Accuracy and precision of the determination of 2-DCECP
Nominal Within-day Between-day Accuracy (%) 95% Confidence
concentration (ng/ml) precision (%) precision (%) interval
5 10.3 3.7 101.1 95.0-107.1
10 4.6 @ 101.1 98.6-103.6
100 33 @ 103.0 101.2-104.9
1000 2.4 0.15 101.6 99.5-103.7
5000 31 4.0 96.2 93.8-98.7

*No statistically significant deviation between days of analysis was observed additional to the within-day precision.
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Table 4

Accuracy and precision of the determination of 2-DCECP with the use of an automated solid-phase extraction system (ASPEC)

Nominal Precision® (%) Accuracy (%) 95% Confidence
concentration (ng/ml) interval
5 12 101.0 97.7-104.3
10 20 93.1 87.9-98.3
100 2.0 99.4 93.9-104.8
1000 0.94 103.8 101.1-106.5
5000 0.89 102.8 100.3-105.4

® Calculated as relative standard deviation of five replicates at each level.

quantify CP, thioTEPA or TEPA simultaneously in
the samples, due to the very large difference in
observed concentrations and the irreproducible be-
haviour of thioTEPA and TEPA during the evapora-
tion of the organic phase as described previously [9].
Peaks originating from caffeine (6.5 min), acet-
aminophen (5.2 min) and 4-ketocyclophosphamide
(3.0 min) were also identified in the chromatogram
but did not interfere with the analysis. All other
compounds tested were not detected.

3.6. Lower limit of quantification (LLQ) and limit
of detection (LOD)

The LOD of the assay was 1 ng/ml with a
signal-to-noise ratio of 3. The LLQ was 5 ng/ml
with an accuracy and precision as shown in Table 2.
This LLQ was much lower compared to previous
published assays with liquid—liquid extraction with-
out derivatization [9,12] and GC-MS assays with
determination of the silyl and trifluoroacetyl deriva-
tive [8,11] (50-250 ng/ml). The LLQ was compar-
able to assays employing LC—MS of the underiva-
tized compound or to a GC-MS assay of the
trifluoroacetylderivative (15 and 1 ng/ml, respective-
ly) [7,13].

3.7, Stability

In plasma, 2-DCECP was stable for at least a
month when kept at —70°C. Recoveries after 1
month at —70°C were 107 and 104%, for 100 and
1000 ng/ml, respectively. The recovery of 2-DCECP

in processed samples after storage in the autosampler
for 36 h at ambient temperature was 101.2%.

3.8 Analysis of patient samples

Fig. 3 shows concentration—time curves of two
patients trested with CP (1000 mg/m?) in a 1-h
infusion in combination with carboplatin and
thioTEPA. 2-DCECP showed accumulation during
treatment and therefore a considerable amount of this
metabolite was dtill present before the next daily
infusion. Because of the sensitivity of the assay, the
described method can be used for the analysis of
samples from patients treated with conventional or
high-dose CP.

4. Conclusion

A sensitive and simple assay of the CP metabolite
2-DCECP has been developed and validated. Auto-
mation of the assay using an automated SPE system
resulted in a less labor-intensive method with excel-
lent reproducibility. The assays meet al current
requirements for bioanalytical methods and can be
used in pharmacokinetic studies of CP.

Acknowledgements

This research was supported with a grant from the
Dutch Cancer Society (project NKI 97-1439). The
authors would like to thank Dr. R. van Gijn and Dr.
H. Rosing for their technical assistance and sug-
gestions.



AD.R Huitema et al. / J. Chromatogr. B 757 (2001) 349—-357

1200 -

800 -

Conc. (ng/ml)

400 4

357

I

T

12

Time (h)

24

Fig. 3. Concentration—time curves of 2-DCECP of two patients treated with CP (1000 mg/m?) in combination with thioTEPA and
carboplatin.
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