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Abstract Tauromustine (TCNU) is an exploratory
drug that has demonstrated activity in various solid
tumors. We examined chromosome aberrations and
plasma levels of the drug in two groups of patients
receiving either a single dose of 130 mg/m? or
40 mg/m? on 3 consecutive days. Peak plasma concen-
trations (mean + SD) were obtained at a similar time
after both treatments, i.e., at 38 4 25, 32 4 24, 28 + 14,
and 40 4+ 26 min after administration of 130 mg/m? on
day 1 and after that of 40 mg/m? on days 1, 2, and 3,
respectively. In addition, the cumulative area under the
curve (AUC value) determined after administration of
40 mg/m? x 3 was similar to that noted after treatment
with a single dose of 130 mg/m?, ie., 180 and 179 ug
min ml !, respectively. Both treatments induced chro-
mosome aberrations (CAs) in peripheral blood
lymphocytes. A dose-dependent increase in the number
of CAs was found, with 40 mg/m? producing 5.5% CAs
and 130 mg/m? yielding 20.9% CAs at 24 h after treat-
ment. In addition, although the drug concentration
declined to a level under the detection limit between the
daily treatments, drug-induced chromosome damage
was cumulative, with the 90-min values increasing from
4.8% on day 1 to 14.3% CAs on day 3. In individual
patients, no correlation was found between CAs and
kinetic parameters; however, the total mean CA yield
was in agreement with the total drug exposure (CAs,
14.3% and 14.6%, AUC 180 + 62.8 and 179 + 115 pg
min ml~ !, respectively).
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Introduction

Initial evaluation of a new chemotherapeutic agent
usually entails a determination of its pharmacokinetic
properties. These results, although important, are sel-
dom examined in relation to any biological end point.
We tried to remedy this by carrying out an analysis of
chromosomal aberrations in the peripheral lympho-
cytes of patients taking part in a pharmacokinetics
study of a new nitrosourea, tauromustine.

Tauromustine (TCNU), a water-soluble nitrosourea
based on the endogenous amino acid taurine, has
demonstrated broad-spectrum antitumor activity in ex-
perimental systems [1-3] and has clinical activity in
various solid tumors [4-8]. TCNU, like the classic
nitrosoureas, is mutagenic and clastogenic, causing
a dose-dependent increase both in the number of muta-
tions occurring in Salmonella typhimurium TA100 and
in the chromosome aberration rate determined in hu-
man lymphocytes treated in vitro [9]. In addition, it
was found that on treatment of resting lymphocytes
(Go), TCNU unexpectedly produced chromosome-type
aberrations, i.e., dicentrics [9]. Thus, it was also of
interest to see if chromosome-type aberrations were
produced in vivo.

Although several studies have been carried out in
which chromosome aberrations have been followed in
patients receiving chemotherapy, in general either com-
bination chemotherapy has been given or the sampling
time has been delayed for several days or months
[10-14]. To our knowledge, only one study has been
reported in which plasma levels and chromosome aber-
rations have been followed in the same patient. This is
the study of Nevstad [15], who followed one patient
receiving doxorubicin i.v.; although a slight increase in
the number of sister chromatid exchanges (SCEs) was
found, no increase in the chromosome aberration fre-
quency was observed and, thus, a comparison with the
plasma level was impossible.
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The pharmocokinetics of TCNU have previously
been studied after administration of a single dose of the
drug to patients participating in a phase I study [16].
In the present study, blood samples were taken from
two groups of miscellaneous lung-cancer patients re-
ceiving TCNU. One group of eight patients received
130 mg/m? as a single dose, whereas another group of
nine patients received 40 mg/m? on 3 consecutive days.
The blood samples were used to prepare cells for chro-
mosome analysis and to measure the plasma levels of
TCNU. This provided us with the opportunity to inves-
tigate the correlation between plasma levels and chro-
mosome aberrations and, also, to examine if a dose-
dependent increase in chromosomal aberrations would
occur in human lymphocytes in vivo after treatment
with a nitrosourea.

Patients and methods

Test compound

TCNU, 1-(2-chloroethyl)-3-[2-dimethyl-amino-sulfonyl]ethyl-1-nit-
rosourea, (Fig. 1), was synthesized by Pharmacia (Helsingborg,
Sweden). The drug was given orally as tablets of 10. 25, and 50 mg.

Patients

Patients with lung cancer, participating in clinical studies carried out
at the Finsen Institute in Copenhagen, made up the present study.
Among the inclusion criteria, pretreatment platelet values of
100 x 10°/1 and a WBC of 3.0 x 10°/I were required, as were normal
liver- and renal-function tests, exception being made for abnormal
values directly related to the underlying malignant disease. The
patients had undergone no prior radiotherapy or chemotherapy. All
the patients were treated i.v. with 40—80 mg metoclopramide at
about 15 min before the ingestion of TCNU.

Study design

The study comprised two parts, the pure pharmacokinetics study
and the correlative study between chromosome aberrations and
pharmacokinetics. Pharmacokinetics were studied in eight patients
after administration of a single dose of 130 mg/m? and in nine
patients after repeated oral administration on 3 consective days of
40 mg/m? TCNU. The correlative study was carried out on six
patients receiving 40 mg/m? on 3 consecutive days and on eight
patients receiving 130 mg/m? as a single oral dose. The study was
approved by the local ethics committee and appropriate government
authorities and was performed according to the Helsinki declar-
ation. All patients gave their informed consent.

Collection of samples

Blood samples were collected in heparinized tubes through an infu-
sion cannula prior to and at 5, 10, 20, 30, 45, 60, and 90 min as well as
at 2, 4, 6, 8, 10, and 24 h after administration of 130 mg/m? to eight
patients and at 15, 30, 45, 60, and 90 min after treatment with
40 mg/m? in nine patients. The samples were cooled on ice and the
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Fig. 1 Chemical structure of tauromustine (TCNU)

plasma was separated by centrifugation at 1300 g for 6 min and
frozen at — 20°C for later analysis.

Analytical methods

The samples were analyzed in duplicate according to Polacek et al.
[17] for content of TCNU by means of high-performance
liquid chromatography (HPLC) with UV detection at 229 nm. The
limit of detection was about 6 ng/ml plasma at a signal-to-noise
ratio of 3:1.

Calculations

The mean plasma concentrations were used for pharmacokinetic
evaluation. The elimination rate constant, 1, was estimated by linear
regression analysis of the logarithmic plasma concentration-time
curve utilizing the points of the terminal phase. The elimination
half-life, ¢, ,, was determined from the relationship ¢,,, = In2/l. The
area under the plasma concentration-time curve, AUC,_,, was
calculated using the linear trapezoidal rule. Determinations of half-
lives were based upon at least three time points, and AUC values
were based upon at least six time points.

Chromosome analysis

Blood samples were taken before treatment and at 1.5 or 2 h and
24 h after treatment from eight patients receiving a single oral dose
of 130 mg/m? TCNU. In six patients receivng 40 mg/m? on 3 con-
secutive days, blood samples were taken before treatment and at 90
min after treatment on each of the 3 days. From these patients,
plasma samples were taken before treatment and at 5, 10, 20, 45, 60,
90, 120, 240, and 360 min for analysis of TCNU in accordance with
the details described above.

Lymphocyte cultures and cytogenetics

Venous blood from a healthy donor was cultivated in McCoy’s 5SA
medium supplemented with 25% fetal calf serum, 1% glutamine,
and 1.6% phytohemagglutinin. After the culture period the cells
were spun down and first exposed to 0.075 mol KCl/1 for 10 min and
then fixed three times in 3:1 (v/v) methanol/acetic acid, air-dried,
and stained with 2% Giemsa. Colcemid (10 pg/ml) was added at
1 h before harvest [18]. Duplicate cultures for fixation at 48, 72, and
96 h were set up for all samples. In the single-dose study, cultures
were fixed at 48 and 72 h; however, since no mitotic cell was found
at 48 h in the majority of patients, the data given are derived
from 72-h cultures for all patients except patient 8, where sufficient
metaphases were present in the 48-h cultures. In the split-dose
study, no mitotic cell was found at 48 h in any patient; therefore,
all data are derived from 72-h cultures except for patient 3 on day 3,
where 96-h cultures were required to obtain sufficient metaphases



for analysis. Chromosome analysis was carried out on 100 meta-
phases (50/culture) at each time piont in the individual patients.
Chromosome aberrations were classified according to Buckton
and Evans [19]. The quantity of abnormal cells includes cells with
only gaps, whereas these are omitted in the total aberration yield.
The mitotic index is based on 4000 cells per individual and time
point.

Results

Administration of a high single dose 130 mg/m? of
TCNU

The mean plasma concentration-time curve generated
for TCNU in eight patients given a single oral dose of
130 mg/m? is depicted in Fig. 2. The peak plasma
concentrations, Cmax, were obtained after 38 + 25
(mean + SD) min, with the mean plasma level being
2500 + 1280 pg/ml (Table 1). The plasma concentra-
tion declined rapidly in a monophasic manner with
a terminal half-life of 53 + 17 min. Individual Cuax and
AUC values are presented in Table 3. On repeated
administration of 130 mg/m? at least 5 weeks later
(data not shown), the pharmacokinetic parameters did
not significantly change.

Administration of a low oral dose, 40 mg/m? on 3 con-
secutive days
Nine patients received 40 mg/m? TCNU on 3 consecu-

tive days. The mean values for the pharmacokinetic
parameters of these patients are found in Tabel 1. The
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mean C,_,, value was obtained after 32 + 24, 28 + 14,
and 40 £+ 26 min on days 1, 2, and 3, respectively. It can
be seen from Table 1 that the pharmacokinetic para-
meters did not change after the second and third doses.
Half-lives could not be detemined as the sampling
intervals were too short.

A comparison of the AUC values recorded after
single versus repeated administration indicates that the
pharmacokinetics of TCNU are linear in cancer pa-
tients. The AUC value resulting from a single dose of
130 mg/m? (180 pg min ml~!) was similar to the cumu-
lative AUC value recorded during 3 days of treatment
withlthe lower dose, 40 mg/m?, which was 179 ug min
ml™ .

Chromosome aberrations
Single dose

Treatment with 130 mg/m? TCNU did not affect the
mitotic index in six of eight patients, whereas in two
cases (patients 9, 14) it showed a 2-fold decrease as
shown in Fig. 3. The total aberration yield before the
start of treatment was found to lie within the range
found for our normal individuals [20]. However, at
2 h after treatment the total aberration yield demon-
strated a 6.5-fold increase and the number of gaps,
a 3-fold increase (see Table 2). Both of these abnorma-
lities exhibited a further increase at the 24-h sampling
time, the total aberration yield having increased 9-fold
and gaps, 4-fold from the pretreatment values. The
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Fig. 2 Mean plasma concentration of TCNU determined after administration of a single oral dose of 130 mg/m? to 8 cancer patients

(mean + SD)



312

Table 1 Pharmacokinetic
parameters (mean + SD) of
TCNU determined after

administration of a single dose
of 130 mg/m? (n = 8) and three

consecutive daily doses of
40 mg/m? (n = 9) TCNU to
lung-cancer patients

Mitotic index, %

Dose Crnax Trnax AUC - 90 min AUC) - 360 min 12
(mg/m?) (ng/ml) (min) (pgminml~1) (ugminml~1) (min)
130 2500 + 1280 38 +£25 112 +46.5 180 + 62.8 53 +17
40 1160 + 840 32 +24 45.6 +31.2 58.1 +40.5* -
Day 1

40 894 + 520 28 + 14 42.0 +£23.7 60.1 + 40.7¢

Day 2

40 987 + 667 40 £+ 26 41.1 £242 61.0 + 34.5°

Day 3

40 - - - 179 + 115*

Sum days 1-3

‘n=4

0 15 2

Time after treatment (h)

Fig. 3 Mitotic index determined in 8 patients before and after
administration of a single dose of 130 mg/m? TCNU

additional increase from the 2-h time point to the 24-h
sampling time was not found for all patients; as can be
seen from Fig. 4, some patients remained at the same
level. All aberration types except chromosome-type
exchanges (in this case, dicentrics) increased after treat-

No. of aberrations, %

0 152

Fig. 4 Chromosomal aberrations found in 8 patients before and

Time after treatment (h)

after administration of a single dose of 130 mg/m? TCNU

ment with TCNU (Table 2). Two individuals (patients
12, 13) were also sampled at 4 weeks after treatment. In
both patients the spectrum of aberrations and the total
aberration yield remained unchanged, i.e., at a level
similar to that found for the 24-h sampling time: for

Table 2 Spectrum of aberrations found in 8 patients receiving 130 mg/m? TCNU as a single oral dose® B’ Chromatid break, B” isochromatid
break, E’ chromatid exchange, E” dicentric chromosome exchange

Stage of Number of Number of Gaps Breaks Exchanges Minutes Total Aberrations
therapy metaphases abnormal B B” E' E” number of (%)
analyzed cells aberrations
without gaps

Before 800 39 20 11 3 1 2 1 18 23
treatment

2 h after 800 140 59 50 45 11 1 10 117 14.6
treatment

24 h after 800 190 81 73 62 27 3 2 167 20.9
treatment

*Numbers of aberrations represent the sum for all patients



Table 3 Pharmacokinetic parameters and chromosome-aberration
yield determined after a single oral dose of 130 pg/m? TCNU

Patient Criax AUC,_,4,  Maximal Maximal
number (ng/ml) (pg min number of number of
ml~1) aberrations  aberrations
+ gaps
8 2130 155 40 61
9 3200 288 36 45
10 1840 167 15 22
1 2660 95.6 17 36
12 2630 244 26 30
13 5120 240 9 15
14 1460 124 17 24
15 960 165 13 20

patient 12, 9 and 13 aberrations at 24 h and 4 weeks
later, respectively; for patient 13, 26 and 21 aberrations
at 24 h and 4 weeks later, respectively. No correlation
was found between the peak plasma levels or AUC
values recorded after administration of a single dose of
130 mg/m? TCNU and the maximal chromosome ab-
erration yield in individual patients (Pearson’s correla-
tion — 0.70, P > 0.05; Table 3).

Repeat dosing

It can be seen from Fig. 5 that the mitotic index (MI) in
individual patients either remained unchanged
throughout the treatment period (patients 3, 5-7) or
fluctuated as shown for patients 2 and 4, with no
consistent pattern being visible. In contrast, the aberra-
tion yield increased day by day in all patients (Fig. 6).
This is even more evident in Table 4, which shows that
this day-by-day increase applies not only to the total
aberration yield but also to all individual aberration
types except minutes. The repeat-dosing schedule
caused an increase in chromosome-type aberrations as
demonstrated by an increase in the number of dicen-
trics and isochromatid breaks, all of which in this study
were of the nonunion type and, therefore, possible
chromosome-type aberrations. The total number of
gaps also demonstrated a significant increase from day
1 to day 3. The split-dose data also confirm the findings
from the single-dose study that the aberration yield is
higher at 24 h after dosing than at 90 min after dosing;
ie., for day 1 at 90 min and day 2 at time zero (24
h later) the yield was 29 and 33 aberrations, respective-
ly, and for day 2 at 90 min and day 3 at time zero it was
46 and 74 aberrations, respectively. It is also clear that
repeat dosing causes damage to cells that have not been
damaged by a previous dose, as the number of abnor-
mal cells increased from 47 on the 1st day to 102 on day
3, demonstrating a dose-response relationship. The
dose-response relationship is also evident when one
considers the total aberration yield, i.e., at 24 h after
administration of 40 mg/m? the aberration yield was 33
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Fig. 5 Mitotic index determined in 6 patients before and after
administration of 40 mg/m? TCNU per day for 3 consecutive days

day 1

251
20
NS 7
2 L Xes
2 159 N2
2 -
& :
o 104 7
kS v 5
S i
Z ,'/
5 ,
T T T T T T
0 30 0 90 0 90
day1 day 2 day 3

Time after treatment (min.)

Fig. 6 Chromosomal aberrations found in 6 patients before and
after administration of 40 mg/m? TCNU per day for 3 consecutive
days

and after treatment with 80 mg/m? (2 x 40 mg/m?) 74
aberrations were found. The dose-dependent effect is
also seen from the data demonstrating that after
treatment with the three daily doses amounting to
120 mg/m? the aberration yield at 1.5 h was 14.3%,
which is almost identical to the 14.6% value found
at 2 h after administration of 130 mg/m? as a single
dose.

The pharmacokinetic data recorded for the indi-
vidual patients, in similarity with those noted for the
larger patient group, did not demonstrate any accumu-
lative increase for either the C,,, or the AUC value
during the 3-day treatment period (Table 5), but the
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Table 4 Spectrum of aberrations found in patients receiving 40 mg/m? TCNU on 3 consecutive days® B’ Chromatid break, B” isochromatid

break, E' chromatid exchange, E” dicentric chromosome exchange

Stage of Number of Number of Gaps Breaks Exchanges Minutes Total Aberrations
therapy metaphases abnormal B B” E' E” number of (%)

analyzed cells aberrations

without gaps

Day 1
Before 600 31 21 4 2 00 0 6 1.0
therapy
90 min after 600 47 20 13 13 2 1 0 29 4.8
therapy
Day 2
Before 600 57 24 17 11 11 3 33 5.5
therapy
90 min after 600 77 45 23 15 0 2 6 46 7.7
therapy
Day 3
Before 600 102 51 34 25 10 3 2 74 12.3
therapy
90 min after 600 101 33 30 35 9 6 6 86 14.3
therapy

*Numbers of aberrations represent the sum for all patients

Table 5 Pharmacokinetics and total number of chromosome aberrations determined in patients receiving 40 mg/m? TCNU on 3 consecutive

days (CA Chromosome aberrations)

Patient Day 1 Day 2 Day 3
number Cmax ALJCO —360 min CA Cmax AUCO —360 min CA Cmax AUCO —360 min CA
(ng/m)  (ng minml 1) (ng/m)  (ug minml 1) (ng/m)  (ng minml 1)

2 504 24.5° 4 531 36.5° 8 336 40.8% 15
3 1090 31.6% 3 533 42.8° 5 534 48.1° 17
4 220 20.4 4 92 171 5 172 293 13
5 620 70.2 6 714 472 11 398 60.3 9
6 1630 110 4 1540 110 8 1290 109 13
7 674 31.8 8 596 39.2 9 913 45.4 19

*AUC extrapolated to 360 min

sum of the AUC values recorded after 3 days was
similar to that noted after treatment with the single
dose, i.e.,, 179 £+ 115 and 180 + 62.8, respectively Table
1). No correlation was found between plasma levels and
aberration yields in individual patients receiving
40 mg/m? on 3 consecutive days. (Pearson’s correla-
tion: day 1 0.49, day 2 — 0.1, day 3 0.32; P > 0.05).

Discussion

The search for a biological end point with which we
could correlate plasma drug levels led us to the choice
of chromosomal aberrations. Chromosomal damage
such as breaks, gaps, and sister chromatid exchanges
are recognized as a sensitive biological end point for
exposure to mutagenic and carcinogenic compounds,
but only a few studies have been reported involving

patients undergoing cytostatic therapy with nitro-
soureas [10, 11, 21] and even fewer have involved
treatment with only one cytostatic [13, 22]. Thus, this
study is the first systematic investigation of the appear-
ance of chromosome aberrations in the peripheral
lymphocytes of patients during ongoing monotherapy
with a nitrosourea. We found that chromosomal aber-
rations induced by TCNU in vivo are dose-dependent,
and although the plasma concentration of the drug
declines to a level under the detection limit after each
treatment, drug-induced chromosome damage is
cumulative. However, no correlation between the
plasma level of drug and chromosomal damage could
be ascertained in the individual patients.

An initial finding in these studies was that in the 48-h
cultures from these patients, no divisions were present.
This is not uncommon, as other authors have also
failed to find mitoses in 48-h cultures of lymphocytes
taken from cancer patients [13] or have shown that



even 72-h cultures have a low level of division as
compared with controls [10]. Therefore, the majority
of our data are derived from 72-h cultures or, in the
case of the split-dose treatment on day 3, even from
96-h cultures. However, as on all occasions we checked
the 48-h and the 72-h cultures and found no divisions,
we are confident that the metaphases analyzed are first
divisions. Thus, the generally accepted criterion that
cells should be in their first division when analyzed has
been fulfilled.

We found that at as early as 90 min after treatment,
chromosome aberrations were manifested. The likeli-
hood of these being due to drug remaining in the
plasma and causing these effects during the incubation
period is negligible, as at 90 min after treatment the
mean plasma level was 838 + 317 ng/ml, which is be-
low the 3.25 mg/ml concentration of TCNU that we
have previously shown is necessary to cause an increase
in the chromosome aberration yield even after 24 h ex-
posure in vitro [9].

Nitrosoureas have previously been shown to be clas-
togenic in vivo [10, 11, 21], but these studies were
confounded by the observation that all but six patients
in Vyas et al’s, study had received various combina-
tions of drugs. In addition, the earliest sampling time
was after the first 5 days of therapy, which precludes
a direct comparison of that investigation with the pres-
ent study. However, an increase in the aberration rate
over that recorded before therapy was found [21], and
in Gebhart et al’s study [10] a further increase after
each round of therapy was also observed. Thus, the
findings obtained in the present study confirm and
extend this observation.

Apart from the present data, no information has
been reported on chromosome aberrations using differ-
ent doses of the same drug in patients. However, it is
well known that X-rays cause a dose-dependent induc-
tion of chromosome aberrations both in vitro and in
vivo and, therefore, as we have previously shown that
TCNU causes a dose-dependent increase in human
lymphocytes in vitro, the present results are not unex-
pected. The higher incidence noted for chromatid aber-
rations in relation to chromosome type is in agreement
with that found by Gebhart et al. [ 10] using carmustine
(BCNU), and the presence of chromosome-type
aberrations supports our in vitro data indicating an
induction of chromosome-type aberrations in Gy
lymphocytes.

The lack of correlation between individual chromo-
some aberration yields and plasma drug levels prob-
ably reflects the inherent heterogenicity found between
individuals with regard not only to drug absorption
but also to the induction of chromosomal aberrations.
However, consideration of the group means reveals
a similarity between the sum of the AUC levels and the
level of chromosome aberrations. This is evident from
a comparison of the sum of the respective AUC value
(mean + SD) found after administration of a single
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dose and after the 3-day dosing, 180 + 62.8 and
179 + 115 pg min ml~ ! and the mean aberration yield,
14.3% and 14.6%, respectively. This demonstrates that
the aberration level in peripheral blood lymphocytes is
an expression of the total drug level to which the
patient is exposed.

In conclusion, the present study demonstrates that
a dose-dependent increase in chromosomal aberrations
is found in the peripheral lymphocytes of patients re-
ceiving repeated doses of oral TCNU and that cumu-
lative chromosomal damage occurs despite a return of
plasma drug concentrations to levels below the detec-
tion limit between the daily doses. However, the mean
level of aberrations appears to represent the total drug
exposure, irrespective of the dose schedule.
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