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Summary. The pharmacokinetics of  amsacrine have been 
studied after the first and third infusions (200 rag. m -2) in 10 
patients receiving combined chemotherapy for the treatment of 
acute myelogenous leukaemia (AML). Postinfusion amsacrine 
elimination was best described by a biexponential expression 
with a mean tl/2a of  O.8 h and a terminal tl/2~ of  5.3 h. After the 
third infusion there was a significant reduction (P < 0.05) in the 
plasma clearance (Cl) and a prolongation of  the terminal 
half-life (tl/2A) (P < 0.01), but no change in the initial half-life 
(T1/2a) or volume of  distribution (Vd). No significant overall 
changes were recorded in any of  the biochemical indices of  renal 
or hepatic function between the first and third infusions, but the 
patient who exhibited the largest reduction in Cl showed a 
marked increase in A S T  levels and a reduction in albumin 
concentration. Two distinct groups were apparent after the first 
infusion, patients with a Cl > 294 and those with a Cl < 208 
ml . h -1 . kg -1. The latter patients were significantly older (P < 
0.05), and four of  the five had subnormal albumin concentra- 
tions. Urinary determination of  amsacrine indicated that renal 
elimination plays a minor role in the total clearance of  this drug. 
Amsacrine was also found to be highly bound to plasma 
proteins (96.4%-97.7%),  but changes in binding were not 
responsible for the reduced C1 and prolonged tz/2/~ observed 
between the first and third infusions. We suggest that the 
elimination of  amsacrine may be susceptible to small changes in 
hepatic function, perhaps due to the high amsacrine concen- 
trations (5-18 #tool. l -z) achieved with this regimen, which 
may be approaching saturation of  the capacity for hepatic 
elimination. 

Introduction 

Amsacrine (NSC 249992), 4'-(9-acridinylamino)-methanesul- 
fon-m-anisidide, is one of a series of acridine derivatives 
synthesised as potential antitumour agents by Cain and 
colleagues [3-5].  Significant activity has been demonstrated 
against lymphomas and leukaemias [10, 12, 13, 22, 25, 26], and 
in combination with cytosine arabinoside (ARA-C) and 
6-thioguanine (6-TG) it has proven effective for remission 
induction in acute myelogenous leukaemia (AML) [1, 2, 8]. 

Several investigations of the pharmacokinetics of amsa- 
crine as a single agent have been reported in man [9, 15, 17, 19, 
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21, 23]. In these studies, plasma amsacrine concentrations 
were determined by monitoring radiolabelled drug [9, 24], by 
hydrolysis of drug to a fluorescent derivative [19, 23], or by 
high-performance liquid chromatography (HPLC) [15, 
17, 21]. 

We have developed an HPLC method for the determi- 
nation of amsacrine in plasma and urine [11, 18]; this method is 
specific for the parent drug and is free of the problems of 
interference from metabolites or from irreversibly pro- 
tein-bound drug. 

Our aim was to define the pharmacokinetics of amsacrine 
in patients receiving infusions of this drug in combination with 
ARA-C and 6-TG as treatment for AML. The effect of 
multiple infusions on amsacrine pharmacokinetics was also 
investigated. 

Patients and methods 

Patients. All patients were receiving amsacrine in combination 
with ARA-C and 6-TG for treatment of AML. Patient 2 was in 
relapse, whereas the remaining nine were newly diagnosed, 
previously untreated, patients. Details of the patients are given 
in Table 1. Before the first infusion, all patients had normal 
hepatic and renal biochemical profiles, except that patient 5 
had a high aspartate amino transferase (AST) level and several 
patients (3, 7, 8, and 9) had low plasma albumin concentra- 
tions. 

This study was approved by the local Ethical Committee, 
with each patient giving informed consent. 

Treatment. Treatment was administered over a 6-day period. 
Each patient received oral doses of 6-TG (2.5 mg • kg -1, twice 
daily, and IV doses of ARA-C (2.5 mg • kg -1) on days 1-6 .  
On days 4, 5, and 6 an IV infusion of amsacrine (200 mg • m -z) 
was administered through a surgically implanted Hickman 
catheter after the morning dose of ARA-C and 6-TG. For 
infusion, a concentrated solution of amsacrine (50 mg • m1-1) 
in anhydrous N,N-dimethylacetamide (Parke-Davis/War- 
ner-Lambert, N. Z. Ltd) was diluted with lactic acid solution to 
give a concentration of 5 mg - m1-1. The appropriate amount of 
drug was then added to 500 ml 5% dextrose solution, and 
infused over a mean of 1.5 h in the 20 infusions studied. 

Blood and urine sampling. Plasma drug concentrations were 
followed for 24 h after the first and third amsacrine infusions in 
all patients. Samples (5 ml) were collected into heparinised 
glass tubes before, during, and at 0, 1, 2, 4, 6, 8, 10, 12, 18, 22, 
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Table 1. Patient characteristics and biochemical profiles during first and third infusions 

Patient In- Age/ Race/wt Albumin AAG Total Total AST Serum Urea 
no. fusion sex (kg) (g" 1-1) (g • 1 - t  ) protein bilirubin (U.  1 - 1 )  creatinine (~tmol - 1-1) 

(g" 1-1) 0xmol. 1-1) (~tmol - 1-1) 

Normal 36-48 0.43-0.99 64-79 5-22 10-55 0.05-0.12 3.2-7.7 

1 1 35/M P/106.0 42 1.65 72 10 30 0.08 3.4 
3 43 1.63 70 11 20 0.10 4.3 

2 1 36/F C/56.2 37 1.87 63 10 30 0.08 4.6 
3 38 1.85 64 15 28 0.07 5.1 

3 1 64/M C/92.8 34 1.44 70 12 15 0.1 4.7 
3 36 1.24 69 15 20 0.1 3.8 

4 1 32/M P/81.5 39 1.08 64 7 20 0.09 4.4 
3 37 1.14 64 15 20 0.07 4.2 

5 1 45/M P/85.9 39 0.59 75 12 70 0.11 3.9 
3 37 0.49 71 10 25 0.08 4.2 

6 1 18/M C/81.0 40 0.95 69 11 25 0.08 5.9 
3 ND 1.03 ND ND ND ND ND 

7 1 66/F C/57.2 28 1.41 53 16 35 0.08 5.9 
3 32 1.41 ND ND ND 0.11 9.3 

8 1 52/F C/62.3 35 1.44 64 18 20 0.07 4.3 
3 ND 1.51 66 27 75 ND ND 

9 1 48/M P/118.0 35 0.52 82 35 45 0.07 4.7 
3 34 0.52 ND ND 45 0.08 4.8 

10 1 36/M C/72.5 41 1.25 77 10 30 0.08 5.1 
3 35 1.06 69 11 190 0.08 7.7 

AAG, alphal-acid glycoprotein; AST, aspartate amino transferase; P, Polynesian; C, Caucasion; ND, not determined 

and 24 h after the infusion. All  samples were  taken from the 
catheter  via a syringe the first 5 ml blood being discarded, with 
the except ion of  the samples taken at the mid-point  and at the 
end of  infusions, which were  obtained by venipuncture  of an 
arm vein. Care was taken during blood collection to ensure 
that no haemolysis occurred,  as this can reduce amsacrine 
concentrat ions [11]. Af te r  separat ion by centrifugation at 
10 ° C, plasma was stored at - 2 0  ° C until analysis, which was 
done within 6 weeks. 

All  urine passed be tween  the t ime of the first and second 
infusions was collected, the total volume recorded,  and a 20-ml 
specimen stored at - 2 0  ° until analysis. 

Amsacrine assays. Plasma amsacrine concentrat ions were  
de termined  in duplicate 0.5-ml aliquots by our published 
me thod  [11]. This assay has good accuracy with recoveries 
ranging f rom 1 0 4 % - 1 1 5 %  over  the range 0 . 5 - 1 0  ~tmol • 1-1, 
and excellent  precision with mean  values for intra- and 
interassay CVs of 2 .3% and 3.2%, respectively. The  same 
procedure  was used for the determinat ion of urinary amsa- 
crine, except  that the hexane wash was omit ted and an 
al ternative internal standard, 4 '-(4-methyl-9-acridinylami- 
no)-methanesulfon-m-anis idide was used to avoid interfer- 
ences f rom endogenous  urinary compounds  in the chromato-  
graphic separat ion [18]. 

Plasma protein binding. The plasma protein binding of 
amsacrine was determined by equil ibrium dialysis. Duplicate  
I ml plasma samples, adjusted to p H  7.4 with CO2, were  
dialysed for 4 h at 37 ° C against 1 ml isotonic phosphate  buffer 

p H 7 . 4 ,  containing 1 ~tmol 1-1 amsacrine-9-14C, (a kind gift 
f rom Dr.  M. A.  Leaf ier ,  SRI  International ,  Menlo  Park). The  
unbound fraction was determined by the ratio of D~/(Db-D~),  
where  D b and D~ are the dpm per  ml in buffer before and after 
dialysis, respectively. Fur ther  details of the binding of 
amsacrine to plasma proteins will be published elsewhere.  

Pharmacokinetic analysis. The pharmacokinet ic  model  was 
selected by the A U T O A N  2 decision making programme [20], 
which provided initial estimates for further fitting of the 
post-infusion concentrat ion-t ime data to an exponential  
expression of the form, 

C = Re  -at + Se - # t -  -F Ne  -nt 

using N O N L I N ,  a least squares nonlinear curve fitting 
p rogramme [16]. In this expression, C represents post-infusion 
amsacrine concentrat ion as a function of t ime; R,  S and N, the 
extrapolated post-infusion concentrat ion constants; and a,  fl 
and n the exponential  rate constants [7]. 

The  data were weighted with 1/C as a weighting function in 
the fitting procedure.  

Mode l  independent  total plasma clearance (C1) was 
calculated after the first infusion by the equat ion (C1 = 
D o s e / A U C ~ ) ,  where  the area under  the plasma concentra- 
t ion-t ime curve (AUC~)  was obtained by trapezoidal  rule for 0 
to the last t ime point  (t), and then extrapolated to infinity by 
the relationship C/fl (where Ct is the est imated concentrat ion 
at the last t ime point calculated from the terminal  linear 
relationship, and fl is the terminal  slope). Low amsacrine 
concentrat ions were  detectable prior to the third infusion and 



obviously contributed to the AUC calculated for the third 
infusion. For most patients this preinfusion concentration was 
less than or equal to 0.5 ~tmol • 1-1, but the two patients with 
the longest half-lives had values of 1.34 and 1.62 ~tmol - 1-1. 
The AUC for the third infusion was corrected for this drug 
residue from the second infusion by not including the 
extrapolated tail portion of the third infusion. As the 'tail 
portion' of the second infusion might be expected to be less 
than or equal to the tail portion of the third infusion, this might 
have led to overcorrection in the AUC value, and thus a 
clearance value higher than the true value after the third 
infusion. The apparent volume of distribution (Vd), corrected 
for the subjects weight (W), was calculated from the equation 
Vd = C1/fl.W. 

Results were analysed for statistical significance using the 
Wilcoxon matched-pairs signed-ranks test for paired, and the 
Mann-Whitney U-test for unpaired data. 
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a marked reduction in albumin concentration from 41 to 35 
g • 1-1 during the first and third infusions. Interestingly, the C1 
values after the first infusion appeared to fall into two distinct 
groups, five patients with C1 > 294 and five patients with C1 < 
208 ml .  h -1.  kg -1. The patients in the latter group were 
significantly older (P < 0.05), with a mean age of 53 years, as 
against 33 years for the former group. In addition, the older 
group had significantly lower albumin concentrations (P < 
0.05), four of the five having albumin concentrations below the 
lower limit of normal. After the third infusion, the young 
patient (no. 10) referred to above moved from the high to the 
low clearance group. 

The amount of unchanged amsacrine excreted in the urine 
was studied in six patients between the first and second drug 
infusions, a period of approximately 24 h. During this time, 
2 % - 1 0 %  (mean 5.0% + 3.1%, SD) of the dose was excreted 
unchanged. In all patients the concentration of amsacrine in 

R e s u l t s  

Typical plasma concentration-time profiles from two patients 
are illustrated in Fig. 1. Computer analyses indicated that all 
the elimination curves could best be fitted by a biexponential 
expression. Thus, the pharmacokinetics of amsacrine in these 
patients are best described by a two-compartment open model. 
The half-lives derived from the NONLIN fit and model 
independent parameters (CI and Vd) are presented in Table 2. 
Large interindividual variations were observed in all param- 
eters. However, within-patient comparisons indicated that 
while overall there was no significant change in the tl/2a 
between the first and third infusions, nine of the ten patients 
had a longer tl/2~ after the third infusions, and the difference 
was highly significant (P < 0.01). Eight of these patients also 
had a significantly lower plasma C1 after the third infusion 
(P < 0.05), but no significant change in the Vd. Comparison 
within each patient of the available biochemical parameters 
measured during the first and third infusions indicated no 
overall significant differences. However, the patient who 
exhibited the greatest reduction in CI (approximately 55%) 
showed marked differences in AST levels (30-190 U • 1-1) and 
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Fig. 1. Plasma amsacrine con'centration-time profiles following the first 
(closed symbols) and third infusions (open symbols) in two AML 
patients (A, A patient 6: O, ©, patient 7) 

Table 2. Amsacrine pharmacokinetic parameters calculated after first and third infusions 

Patient Dose Infusion Conc. a tl/2a (h) tl/2~ (h) 
no. (mg) time (h) (~tmol. 1-1) 

1 3 1 3 

C1 Vd % Un- 
(ml • h -1 • kg -1) (1- kg -1) bound 

1 3 1 3 1 3 1 3 1 3 1 

% Urinary 
excretion 

1 400 2.45 1.25 
2 315 0.58 0.58 
3 420 3.67 0.75 
4 410 0.75 2.25 
5 400 1.58 1.62 
6 420 1.67 1.47 
7 310 1.75 1.58 
8 325 1.00 1.83 
9 450 2.67 1.67 

10 380 1.50 1.17 

Mean 1.76 1.42 
SD 0.94 0.50 
Significance NS 

9.09 9.64 0.31 0 .44  4 .15 4.38 208 181 1.24 1 .14 2 .39  2 .49  4.06 
10.54 10.12 0.20 1 .78 3 .67 5.88 294 288 1.56 2 .44  2 .68  3 .01  ND 
7.84 17.43 0.36 0 .23  5 .55  8.73 171 126 1.37 1 .59  2 .78  2 .70  2.13 

11.13 6.65 0.43 1 .50 3 .29 4.46 299 304 1.42 1 .96  3 .40  3 .27  2.01 
5.86 7.80 1.66 0 .37 4 .38 4.58 350 290 2.21 1 .92  3 .02  3 .23  ND 
8.16 10.16 0.89 1 .60 3 .05  3.95 356 289 1.57 1 .71 2 .73  3 .02  ND 

10.41 12.12 0.10 0 .88  5 .59  9.38 201 126 1.62 ' 1.64 3 .42  2.98 10.39 
14.53 14.61 0.36 0 .28  5 .22  4.71 158 174 1.18 1 .19  2 .61  2 .32  6.46 
6.67 5.91 0.40 0 .90  6 .97 7.57 197 194 1.98 2 .12  3 .54  3 .52  ND 
8.49 10.79 1.43 1 .57  5 .16  5.85 339 152 2.52 1 .29 2 .78  3 .07  4.69 

9.27 10.53 0.61 0 .96  4 .70  5.95 257 212 1.67 1 .70  2 .93  2 .97  4.96 
2.5 3.5 0 .53  0 .61  1 .22  1.95 78 73 0.44 0 .42  0 .40  0 .34  3.14 

NS NS P < 0.01 P < 0.05 NS NS 

a Concentration at end of infusion 
ND, not determined; NS, not significant 
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the last urine sample obtained prior to commencement of the 
second infusion was still measurable. Thus, the absolute 
fraction of unchanged amsacrine excreted in the urine would 
be greater than this 24-h value. 

Protein-binding studies of amsacrine in postinfusion 
plasma samples indicated that this drug is highly bound, with a 
mean unbound fraction of 2.95% + 0.38% (SD), range 
2 .39%-3 .54% in the ten patients studied. This value was not 
significantly different from that [2.98% + 0.83% (SD), range 
1 .67%-4 .1%]  found in plasma from 12 healthy subjects, 
despite significantly higher albumin concentrations and signif- 
icantly lower alphaz-acid glycoprotein concentrations in the 
normal group. In addition, no significant difference was 
observed in binding between samples from the first and third 
infusions or between the old and young patient groups. 

Discussion 

This study has investigated the pharmacokinetics of amsacrine 
at higher doses than have hitherto been reported, and 
following multiple doses of drugs as part of combination 
chemotherapy. The biexponential elimination curves observed 
are in agreement with other studies [9, 19, 23]. 

The elimination of amsacrine from the body appears to 
take place mainly by way of hepatic extraction and metabo- 
lism; only a small fraction of unchanged drug was excreted by 
the kidneys. Our urinary results are supported by Hall et al. 
[9], who found 12% excreted in the urine as unchanged 
amsacrine over 72 h in four patients with normal renal and 
hepatic function. Evidence from animal studies has also 
suggested that the liver is the major organ for the elimination 
of amsacrine [6]. 

Several explanations for the prolonged elimination 
half-life and reduced clearance of amsacrine after the third 
infusion are possible. 

Alterations in the plasma protein binding of a drug may 
significantly affect its kinetics [14]. However, we observed no 
change in the degree of amsacrine binding in plasma between 
the first and third infusions and between the old and young 
patient groups, despite subnormal albumin concentrations in 
the older group. 

The possibility that the altered kinetics may be due to 
nonlinear drug elimination cannot be discounted. Whether 
amsacrine exhibits concentration-dependent kinetics within 
the concentration range achieved in our patients is not known. 
Within-patient comparison of concentrations at the end of the 
first and third infusions indicated no overall significant 
increase. However,  the five patients (3, 5, 6, 7, and 10) who 
had > 10% increase in the end of infusion concentration all 
exhibited the greatest reductions in clearance (by 17%-55%) .  
The clearance changes for the remaining five patients were all 
~< 13%. 

Another  possible source for the pharmacokinetic changes 
associated with the third infusion is subclinical hepatocellular 
damage occurring during this 6-day course of intensive 
chemotherapy. Although no overall significant changes in the 
indices of liver function were evident, there was a tendency to 
increased bilirubin levels during the third infusion. Arlin and 
colleagues [1] observed a 60% incidence of hepatic dysfunction 
following a similar chemotherapy regimen with amsacrine, 
ARA-C,  and 6-TG. Thus the potential for these drugs to cause 
liver damage does exist. In addition, in patients with 
pre-existing hepatic dysfunction, a significant reduction in 

amsacrine clearance and prolongation of terminal half-life 
have been reported [9]. Reduced liver capacity, or perhaps 
increased susceptibility to liver damage, in the older group may 
also provide the explanation for the difference in amsacrine 
clearances between the old and young group. Age in itself does 
not dichotomize the patients into the low and high clearance 
groups, as one young patient moved from the higher to the 
lower clearance group with the third infusion. This was 
accompanied by the greatest increase in AST and decrease in 
albumin levels observed in any of our patients from the first to 
the third infusion, suggesting perhaps reduced hepatic func- 
tion. Apar t  from the lower albumin concentrations in the lower 
clearance group, there also was a tendency for elevated 
bilirubin levels in these patients. 

In summary, this preliminary study has demonstrated that 
relatively complex elimination kinetics occur with amsacrine, 
with large interindividual variations in pharmacokinetic 
parameters apparent. We speculate that the elimination of 
amsacrine may be very susceptible to hepatic function, perhaps 
due to the high amsacrine concentrations (5 -18  ~mol-1-1) 
achieved with this regimen, which may be approaching 
saturation of the capacity for hepatic elimination. Obviously 
further studies on the effect of concentration and hepatic 
function on the pharmacokinetics of amsacrine are neces- 
sary. 
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