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Summary. In five cancer patients we have determined the 
pharmacokinetics of 4'-deoxydoxorubicin (4'-DOX), its al- 
coholic metabolite 4'-deoxydoxorubicinol and the occur- 
rence of circulating 7-deoxyaglycone metabolites. The 
7-deoxyaglycone of the alcohol metabolite, the major agly- 
cone of Adriamycin (ADR) present in man, was not de- 
tected in any serum sample. The 7-deoxyaglycone of the 
parent drug, which appears in concentrations in excess of 
30 ng/ml after ADR administration, was detected in only 
2/5 patients in trace amounts. These preliminary data in- 
dicate a difference in biotransformation between ADR 
and 4'-DOX despite their close structural similarities. 

Introduction 

4'-Deoxydoxorubicin (4'-DOX) is a close structural ana- 
logue of Adriamycin (ADR) currently proceeding through 
phase I and II clinical trials [9]. The drug initially stimulat- 
ed interest because it appeared not to induce cardiotoxici- 
ty in several animal species [5] and preliminary clinical tri- 
als suggested that it was also non-cardiotoxic in man [7]. 
The prominent mechanism of ADR toxicity to heart in- 
volves conversion to a semiquinone free radical and subse- 
quent generation of reactive species derived from molecu- 
lar oxygen [6]. In vitro experiments have shown that 
4'-DOX is not reduced to a semiquinone free radical under 
conditions which produce ADR semiquinone, demonstrat- 
ing metabolic differences between the two drugs which 
could account for different chemosensitivity to target tis- 
sues [4]. We have extended these in vitro studies concur- 
rently to man and experimental animals, investigating the 
comparative pathways of metabolism of the two drugs [3]. 
In this report we describe our preliminary experience with 
4'-DOX in man. 

Materials and methods 

Patients. Five subjects (four male, one female) were select- 
ed from a total of 20 who received 30 mg/m 2 as an i.v. bo- 
lus push injection in an EORTC coordinated phase II trial 
for advanced renal cancer. Each had normal liver func- 
tion, and pharmacokinetic studies were performed after 
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the first drug treatment. Blood samples (10-ml aliquots) 
were withdrawn through indwelling catheters positioned 
in the arm opposite to that used for drug injection before 
treatment and at 5 min, 10 min, 15 min, 20 min, 30 min, 
lh ,  2h, 4h,  6h, 8h, 10h, 12h, 24 h and 48 h after drug 
administration. After bloods were collected, sera were sep- 
arated and stored at - 20 ° C. 

Drug analysis techniques. Serum concentrations of 4'-DOX 
and all its principle fluorescent metabolites were deter- 
mined by HPLC with sensitive fluorescence detection after 
extraction with chloroform:propan-2-ol (2: 1) as previous- 
ly reported [1]. Here daunorubicin was used as an internal 
standard and all samples, which were stored at - 2 0  ° C, 
were thawed at room temperature and analysed immedi- 
ately. 

Pharmacokinetic analysis. 4'-DOX serum concentration 
time profiles were best-fitted to a bi-exponential decay 
(descriptive of a two-compartment open model, see Eq. 1) 
using an extended least squares computer programme 
(ELSFIT, version 3.0, obtained from Dr Lewis B Sheiner, 
University of California, San Francisco, USA). 

Serum concentration = Ae -tc~ + Be -t~ (1) 

where A and B are defined as the theoretical zero time 
concentrations (ng/ml) in a central and peripheral com- 
partment respectively and c~ and 1~ are defined as apparent 
elimination rate constants  (kel). Other parameters are de- 
fined as follows: 

0.693 
Half-life (tl/2) - ke 1 

Area under the curve (AUC) 

Dose 
Clearance (C1) - AUC 

A + B  

AUC of 4'-DOX metabolites was calculated by the trape- 
zoidal rule and tlA by non-linear regression using ELSFIT. 

Results and discussion 

In a recent detailed report we described the pharmacok- 
inetics of ADR and its metabolites in a large group of 25 
cancer patients [2]. Three major metabolites were identifi- 
ed: adriamycinol (AOL), AOL 7-deoxyaglycone (AOL- 



264 

Table 1. The pharmacokinetics of 4'-deoxydoxorubicin and its metabolites in cancer patients after i.v. administration of 30 mg/m 2 i.v. 
4'-deoxydoxorubicin 

4'-Deoxydoxorubicin 4'-Deoxydoxorubicinol 4'-Deoxydoxorubicin 7'-deoxyaglycone 

A t Yz ~ B t Y2 ~ AUC % C1 PC AUC % t Y2 PC AUC % t t/2 
(ng/ml) (h) (ng/ml) (h) (ng/ml/h) ( l / h / m  2) (ng/ml) (ng/ml/h) (h) (ng/rnl) (ng/ml/h) (h) 

AD 927 0.01 15 6 266 86.6 112 6 24 8.6 19 29 17 5.5 1 
JH 114 0.08 16 10 239 71.6 125 8 81 24.2 12 nd nd nd nd 
AL 201 0.13 41 3 192 60.0 156 32 145 40.0 30 nd nd nd nd 
AB 276 0.08 16 6 165 60.0 182 20 111 40.0 9 nd nd nd nd 
DR 1120 0.10 8 9 387 96.5 78 98 12 2.9 0.2 25 2.3 0.6 0.2 

Pharmacokinetic constants are explained in "Materials and methods" 
PC, peak concentration measured; %, individual AUC expressed as a percentage of the total AUC of parent drug plus metabolites com- 
bined; nd, not detected 

D O N E )  and A D R  7-deoxyaglycone (ADR-DONE) .  
Marked  interpat ient  variat ions were observed in the phar-  
macokinet ics  of  A O L - D O N E :  in 50% of  all patients it was 
not  detectable,  and  in two who developed cardiac  prob-  
lems it was present  in large amounts  ( >  100 ng/ml) .  Values 
o f  tlA varied between 0.1 and 24 h. A D R - D O N E  was de- 
tected in 60% of  all pat ients  and  achieved concentrat ions 
in excess of  30 n g / m l  in the major i ty  of  these, but  was nor-  
mally cleared in under  an hour. 

Table  1 contains the pharmacokinet ics  of  4 ' -DOX and 
its metaboli tes in patients.  In keeping with the results of  
other  studies, 4 ' -DOX was cleared quickly from serum in a 
b i -exponent ia l  manner  with a short  terminal  half  life rang- 
ing from 3 h  to 10h [7, 8]. 4 ' -Deoxydoxorubic ino l  
(4 ' -DOL),  the major  metaboli te ,  d isplayed a longer tl/z 
than its parent  compound  in 4 /5  patients (9 -30  h), but  
levels of  this metabol i te  were extremely variable,  ranging 
from as low as 6 n g / m l  (peak concentrat ion)  to as high as 
98 n g / m l  (peak concentration).  4 ' - D O L - D O N E  was not  
detected in any pat ient  serum sample. 4 ' - D O X - D O N E  dis- 
p layed similar kinetic propert ies  to A D R - D O N E  but was 
present  in only trace amounts  in only 2 /5  patients 
( <  30 ng/ml) .  

In this pre l iminary  report  we confirm that  biotransfor-  
mat ion  of  4 ' -DOX to 7-deoxyaglycones in man,  as in 
exper imental  animals [3], is reduced compared  with A D R ,  
as evidenced by either lack of  detect ion or detect ion of  on- 
ly trace amounts  of  circulating aglycones. These da ta  are 
in accordance  with the findings of  other workers  who have 
per formed pharmacokine t ic  studies with 4 ' -DOX in man,  
where the only metaboli te  species identif ied was 4 ' -DOL 
[7, 81. 
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