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Summary. We studied the clinical pharmacokinetics of the 
anthracene derivative bisantrene using high-performance 
liquid chromatographic analysis. We administered the 
drug to ten patients at 120-250 m g / m  2 IV; one of these 
patients also received a second dose of 120 m g / m  2 6 weeks 
later, and another received 150 m g / m  2 weekly for three 
doses. Bisantrene disappeared from the plasma biphasical- 
ly, with an initial tl/2 of 0.6_+0.3 h and a terminal tl/2 of 
24.7 _+ 6.9 h after single doses. The apparent volume of  dis- 
tribution according to the area under the curve was 
42.1 _+ 5.9 1/kg, and the total clearance was 
1045.5 _+ 51.0 ml /kg/h .  The 96-h cumulative urinary excre- 
tion was 3.4%+ 1.1% of the dose; thus, renal excretion was 
a minor route of elimination for this agent. Bisantrene 
pharmacokinetics in the patient who received a second 
dose after 6 weeks showed insignificant changes. However, 
in the patient who was given this drug weekly for 3 weeks, 
the plasma tl/2 of the drug during the terminal phase be- 
came increasingly longer, while the total clearance was 
significantly reduced. These results suggest that bisantrene 
may accumulate in the body and that caution is essential 
in the event of frequent administration. 

Introduction 

9,10-Anthracenedicarboxaldehyde-bis-[(4,5-dihydro- 1 H- 
imidazol-2-yl)hydrazone] dihydrochloride, (C1 216,952, 
bisantrene, or NSC-337766) (Fig. 1) is a new antitumor 
agent developed by the American Cyanamid Company. It 
has demonstrated significant antitumor activity in a num- 
ber of experimental animal tumor systems, including 
L1210 leukemia, P388 leukemia, Lieberman plasma cell 
tumors, B16 melanoma, Ridgeway osteogenic sarcoma, 
and colon tumors 26 in mice [11]. Also, in the stem cell as- 
say it has shown activity against human breast cancer, 
ovarian cancer, renal cancer, squamous cell, small cell, 
and large cell lung cancers, lymphoma, leukemia (AML) 
melanoma, adenocarcinoma of unknown orgin, adrenal 
cancer, gastric cancer, pancreatic cancer, and head and 
neck cancer [2]. Although it bears some structural resembl- 
ance to doxorubicin, potentially bisantrene has less myo- 
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Fig. 1. Structure of bisantrene 

cardial toxicity than doxorubicin at equal doses. There- 
fore, bisantrene may be a useful antitumor agent in doxor- 
ubicin-sensitive tumors [6]. It has been undergoing phase I 
and II clinical trials in patients with malignancies at our 
institution and elsewhere. In the phase I study the dose-li- 
miting toxic effects were phlebitis and hypotension [8, 10, 
12]. In conjunction with these trials, we have studied its 
clinical pharmacology. 

Materials and methods 

Drugs and reagents. Bisantrene was supplied by Lederle 
Laboratories Division, American Cyanamid Company, 
Pearl River, NY. For high-performance liquid chromato- 
graphy (HPLC), glass-distilled-grade methanol was ob- 
tained from Burdick and Jackson Laboratories, Muske- 
gon, Mich. All other chemicals and reagents were pur- 
chased from regular commercial suppliers. 

Patients. Patients with proven malignancies were selected 
for this study. Prior informed consent was rountinely ob- 
tained from all patients. Male and female patients with the 
characteristics shown in Table 1 received bisantrene in 
doses ranging from 80 to 250 mg /m 2. Before bisantrene 
therapy all patients had normal liver function; during the 
treatment all other medications were suspended if possi- 
ble. Since it has been reported [7, 8, 10, 12] that local com- 
plications of phlebitis and thromboses occur in up to two- 
thirds of patients given bisantrene by infusion into a peri- 
pheral vein, to avoid the likelihood of vasculitis the drug 
was administered into a central vein. Indwelling silicone 
elastomer venous catheters were inserted via an arm vein 
when possible, or subcutaneously via the subclavian vein. 



Table 1. Patient characteristics and bisantrene dose 

Patient Age Sex Dose Diagnosis 
no. (mg/m 2) 

1 59 F 80 Lung carcinoma 

2 53 F 120 Breast carcinoma 

3 69 F 150 Breast carcinoma 

4 66 M 150 Lung carcinoma 

5 42 M 180 Melanoma 

6 58 F 250 Breast carcinoma 

7 35 F 250 Breast carcinoma 

8 47 F 250 Lung carcinoma 

9 58 M 250 Lung carcinoma 

10 62 F 250 Renal cell 
carcinoma 

Once the catheter  was in place,  the desired dose of  bisan- 
trene was mixed in 100 ml normal  saline and infused over 
1 h. One of  the pat ients  (No. 1) who received the lowest 
dose was given a second dose of  120 m g / m  2 6 weeks later, 
and  another  pat ient  (No. 4) received 150 m g / m  2 weekly for 
3 weeks. 

Sample preparation. Blood samples (10 ml) were drawn 
from an indwell ing hepar in  lock before drug adminis t ra-  
t ion and from the corresponding contralateral  sites at 
p rede te rmined  intervals after complet ion  of  the infusion. 
They were put  in hepar in-coated  tubes and p laced  in ice 
until  centr ifugat ion for 10 min at 12 000 g in a Sorvall  RC2 
centrifuge (Dupont  Instruments,  Wil imington,  Del). The 
p lasma  was separated from the red b lood  cells (RBC) and 
kept  frozen until  analysis. Urine samples were collected as 
voided at 6 h intervals for 24 h and at 24 h intervals for a 
further 72 h. 

All  biological  fluids were fi l tered through C18 Sep-Pak 
(Waters Associates,  Milford,  Mass). Min ichromatograph ic  
columns before  HPLC analysis,  as repor ted  earl ier  [5]. Pre- 
pa ra t ion  of  the samples by this procedure  resulted in 75% 
recovery of  the drug. The integrated area under  the curve 
is l inear with drug concentrat ions  ranging from 2 to 
2000 ng /ml ,  and  the lowest l imit  of  detect ion was 2 ng /ml .  

Totalfluorescenee. The total  f luorescence of  the biological  
samples was de termined by an Aminco  f luorometer  SPF 
model  125, with the excitat ion wavelength set at 418 nm 
and emission at 503 nm. 

Chromatography. The details of  HPLC analysis have been 
publ ished elsewhere [5]. Briefly, all analyses were per- 
formed on a Waters  Associates model  204 l iquid chroma- 
tograph (Milford,  Mass) equipped  with a Schoeffel model  
SF-970 f luorescent  detector  (Kratos  Analyt ica l  Company ,  
Westwood,  N J), a Shimadzu Chromatopac -E1A electronic 
integrator  (Kyoto,  Japan) ,  and  a Br inkmann Ins t rument  
model  2544 recorder.  Separat ion was achieved with an 
analyt ical  reverse-phase IxBondapak Cls column 
(4 m m ×  30 cm ID,  Waters  Associates).  The solvent system 
consisted of  0.02 M ammonium acetate in 40% methanol ,  
p H  4.0, and the flow rate was 1.5 ml /min .  The fluores- 
cence detector  was set at 260 nm for excitat ion and 550 nm 
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for emission. Bisantrene has a retention t ime of  9 min un- 
der  these condit ions.  The lowest l imit  of  detect ion was 
2 ng /ml .  

Computation of the results. Nonl inear  regression analysis 
o f  the results was per formed with the aid of  the Prophet  
Program. Best fit was based on an open two-compar tment  
model  [3]. 

R e s u l t s  a n d  d i s c u s s i o n  

The d isappearance  of  bisantrene f rom the p lasma of  the 
patients given this agent IV at a dose of  80-250  m g / m  2 
was biphasic,  with a mean initial half-life of  0.6 h and a 

terminal  half-life o f  24.7 h. A typical  p lasma  clearance 
curve of  b isantrene is shown in Fig. 2, and  the pharmaco-  
kinetic parameters  are summarized in Table 2. 

The total  c learance ranged from 620 m l / k g / h  in pa- 
tients receiving the higher dose to 1903 m l / k g / h  in pa- 
tients with the lower doses. This significant difference was 
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Fig. 2. Plasma concentration of total fluorescence ( • )  and un- 
changed bisantrene (O) in a patient after 250 mg/m 2 IV 

Table 2. Clinical pharmacokinetic parameters of bisantrene 

Pt t I/2 (h) Vd C1 Urinary 
(l/kg) (ml/kg/h) excretion 

ct [3 (% in 96 h) 

1 0.2 32.7 41.6 882.5 1.2 
2 1.2 12.5 26.4 1467.4 2.3 
3 0.9 29.0 79.5 1903.3 N.D. 
4 3.4 17.9 39.5 1532.0 0.4 
5 0.6 23.1 43.0 1293.9 11.1 
6 0.5 13.9 19.3 962.5 2.2 
7 0.6 27.6 25.3 637.4 3.6 
8 0.6 65.0 44.2 472.5 5.3 
9 1.0 43.1 38.5 619.9 3.1 

10 0.7 67.9 66.9 683.8 1.6 

Mean 0.6 a 24.7 a 42.4 1045.5 3.4 
+SE _+0.3 ___6.9 _+5.9 _+151.0 _+1.1 

1 2.3 52.0 83.7  1114.5 1.1 
4 0.1 79.0* 17.2 151.0" 2.0 
4 0.3 117.0" 34.8 206.8* 2.9 

Harmonic mean 
* Significantly different from the mean (P < 0.05) 
N.D., not done 
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Fig. 3. Average cumulation urinary excretion oftotal fluorescence 
(m) and unchanged bisantzene (O) in patients 

possibly due to the saturation of the clearance mechanism 
by the higher doses. Together with the total clearance (av- 
erage 1045.5 ml /kg /h)  the apparent volume of distribution 
calculated from the area under the curve, 42.4 1/kg, was a l -  
so large. However, the cumulative urinary excretion of bi- 
santrene was only 3.4% of the administered dose, even 4 
days after the initial dose (Fig. 3). These parameters did 
not change consistently in patient 1, who took part in the 
study again after 6 weeks. But in patient 4, who received 
three consecutive weekly doses of  bisantrene, the terminal 
half-lives of  the drug were significantly lengthened and the 
total clearance rates were diminished after both the second 
and the third doses. Furthermore, at the end of drug ad- 
ministration, the plasma bisantrene concentration in this 
patient increased from 0.76 lxg/ml after the first dose to 
1.57 and 2.47 p~g/ml after the second and third doses, 
respectively. 

By and large, bisantrene appears not to be metabolized 
in vivo. However, occasionally an unknown metabolite 
was detected in the plasma (Fig. 2) and urine (Fig. 3) of a 
few patients, as demonstrated by the discrepancy between 
total fluorescence and unchanged bisantrene levels. 

The large apparent volume of distribution suggests that 
in man bisantrene is most probably localized in some body 
compartment from which it exits slowly. Also, 60% of bi- 
santrene was bound to plasma protein, as reported by A1- 
berts et al. [1], suggesting that binding to tissues was also 
high in man. This is further supported by the study of Wu 
and Nicolou [13] on the tissue distribution of radiolabelled 
bisantrene in dogs and monkeys. The high total clearance 
is more than offset by the large apparent volume of distrib- 
ution, so that the half-life of the drug during the terminal 
phase is relatively long. Since urinary excretion is insigni- 
ficant with bisantrene and the in vivo metabolism is prob- 
ably negligible, the clearance of the drug must be princi- 
pally by tissue sequestration and hepatobiliary-fecal excre- 
tion. We have no evidence that bisantrene was indeed so 
excreted in man. However, Wu and Nicolau [13] reported 
that in both dog and monkey fecal excretion was the major 
route of elimination of bisantrene. Their results therefore 
lend support to the possibility of a similiar fate of this 
agent in man. Since the total clearance of bisantrene was 
drastically reduced, while the plasma half-life of the drug 
was markedly increased, in the patient who received three 
weekly doses, it definitely seems that to avoid cumulative 

toxicity it would be prudent to exercise caution in frequent 
bisantrene administration. 

Structurally, bisantrene bears some superficial re- 
semblance to another new anticancer agent, mitoxantrone, 
insofar as both possess an anthracene moiety with differ- 
ent but similarly hydrophilic side-chains. Even in this re- 
spect, the anthracene ring in bisantrene is devoid of other 
substituents, whereas in mitoxantrone it is actually a 
9,10-quinone with two additional 1,4-phenolic groups in 
close proximity. In man, the two exhibit some common 
pharmacokinetic characteristics, namely, long plasma 
half-lives and large apparent volumes of distribution, as 
well as total clearance rates [9]. Furthermore, only a small 
fraction of the administered dose of either agent is excret- 
ed in the urine [4]. In this connection it may be recalled 
that pharmacokinetically, in the dog at least, mitoxantrone 
is strikingly different from its cogener, ametantrone, with 
which it is entirely identical except for the presence of the 
1,4-phenolic groups in the anthracene ring. We previously 
showed that in three dogs the average values of the rele- 
vant pharmacokinetic parameters of mitoxantrone were: 
terminal plasma half-life, 28.1 h; apparent volume of dis- 
tribution, 28.1 1/kg; total clearance, 606 ml /kg/h .  In con- 
trast, the corresponding parameters for ametantrone are: 
1.9 h; 0.7 1/kg; and 1410 ml/kg h. In 48 h, only 2.4% of the 
administered dose of mitoxantrone is excreted in the urine 
and 3% in the bile. But with ametantrone, 24% of the ad- 
ministered dose can already be recovered from the urine 
within 5 h, in addition to the 40% in the bile. Moreover, by 
5 h after administration 50% of the mitoxantrone is local- 
ized in the liver alone, whereas only 7% of the ametantrone 
is similarly sequestered [4]. Taking all three agents togeth- 
er, it is thus apparent that their pharmacokinetic behavior 
is largely determined by the anthracene moiety, with little 
contribution from the hydrophilic side-chains; polycyclic 
compounds tend to be excreted largely in the bile. How- 
ever, the presence of a quinoid structure in an anthracene 
compound shortens its plasma half-life, reduces its volume 
of distribution, diminishes its organ localization, and in- 
creases its total clearance and elimination. All these effects 
are nullified by the 1,4-phenolic groups in close proximity 
to the quinoid moiety, however, presumably due to hy- 
drogen bonding, so that ametantrone is distinctly different 
pharmacokinetically from mitoxantrone, while the latter 
resembles bisantrene to a large extent. 
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