
Acra Oncologica 27 (1988) Fasc. 5 

FROM THE DEPARTMENT OF ONCOLOGY ONA, THE FINSEN INSTITUTE, AND THE DEPARTMENT OF PHARMA- 
COLOGY, THE ROYAL DANISH SCHOOL OF PHARMACY, DK-2100 COPENHAGEN, DENMARK. 

PHASE I STUDY OF 4-DEMETHOXYDAUNORUBICIN BY ORAL 
ROUTE IN PATIENTS WITH ADVANCED CANCER 

A. KRARUP-HANSEN, E. ANDERSEN, K. ELBAEK, S. N. RASMUSSEN and M. DALMARK 

Abstract 
In a phase I trial 4-demethoxydaunorubicin (4-dm DNR) was 

administered as oral capsules once a week to 51 adults with 
advanced mainly gastrointestinal solid tumors. No fatal toxicity 
was observed at doses up to 25.0 mg/m2. Dose-limiting granulocy- 
topenia and non-hematologic toxicity developed at dosages 
222.5 mg/m2. No response to the therapy was observed. The 
plasma concentrations of 4-dm DNR were measured in 4 of the 
patients. 
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In 4-demethoxydaunorubicin (4-dm DNR), a new an- 
thracycline analogue of daunorubicin, the C-4 methoxyl 
group in the D ring of the aglycone moiety is substituted 
for a hydrogen group. After intravenous administration 4- 
dm DNR has demonstrated activity against L1210, Gross 
leukemia, and ascites sarcoma 180 at doses 4 to 8 times 
lower than the effective doses of the parent analogue, 
daunorubicin (1, 3). In a phase I1 trial, patients with 
advanced breast cancer, receiving 4-dm DNR 45 mg/m2 
orally every third week, revealed a response rate and a 
toxicity pattern comparable to those for patients registrat- 
ed following treatment with doxorubicin (2). The present 
phase I study was performed in order to determine the 
maximum tolerable dose (MTD) of 4-dm DNR weekly 
administered by oral route, to describe the toxicity of 4- 
dm DNR, and to study its possible therapeutic activity in 
patients with advanced cancer (5).  

Material and Methods 

Patient selection. A total of 51 patients between 18 and 
75 years of age with a histologically confirmed diagnosis 
of a malignant solid tumor refractory to conventional 

therapy were eligible. General characteristics of the pa- 
tient material are shown in Table l.  Informed consent was 
obtained in all cases. Criteria for entry included: perfor- 
mance status (WHO criteria) ~ 2 ,  recovery from the toxic 
effects of prior chemotherapy or radiotherapy, leucocytes 
34X 109/1, blood platelets 31OOx 109A and hemoglobin 2 7  
mmol/l, plasma-creatinine SO. 120 mmolfl, normal 
Chrome-EDTA-clearance, plasma-bilirubin 621  pmoV1, 
plasma-coagulation factors 350 %, plasma-albumin 20.5 
mmoVI, plasma-alkaline phosphatases ~ 3 4 4  units/l, plas- 
ma-aspartate-aminotransferase 5 5 0  units/l, and normal 
electrocardiograpy (ECG) and radionuclide angiocardio- 
graphy (MUGA). 

4-dm DNR was supplied as 5 mg, 10 mg and 25 mg 
gelatine capsules for oral use by Farmitalia Carlo Erba, 
Milan, Italy. 

The first patients were treated with 2.5 mg/m2 4-dm 
DNR weekly. The dose level was increased in steps of 2.5 
mg/m2. Each dosage level included at least 3 patients, and 
each patient was continuously treated with a fixed dose of 
4-dm DNR. Approaching the MTD, the number of pa- 
tients in each dose level was raised to a minimum of 6. A 
light meal was served just before the patient swallowed 
the gelatine capsules. The patients were seen weekly in 
our out-patient clinic. Pertinent history, physical exami- 
nation, hematology and other blood samples, and urine 
analysis were repeated on each visit. The following types 
of non-hematologic toxicity were registrated weekly: al- 
lergy, alopecia, diarrhea, decreased performance status, 
fever, hematuria, hemorrhage, infection, influence on 
state of consciousness, pain, and peripheral neurotoxic- 
ity. Also toxic reactions in oral cavity, lungs or skin were 
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registrated weekly. The ECG and MUGA examinations 
were recorded at 6-week intervals. Other studies were 
repeated when clinically indicated. 

The treatment was stopped when progressive disease or 
unacceptable toxicity occurred, when a cumulated dose of 
320 mg 4-dm DNRlm’ was reached, or if the patient 
wanted to interrupt treatment. 

The WHO criteria (9) for toxicity and response were 
employed. Toxicity exceeding 2 according to the WHO 
criteria was defined as unacceptable. Leukopenia was 
defined as leukocytes <2.0x 109h, leading to temporary 
discontinuation of treatment. The patient resumed treat- 
ment with unaltered dose and schedule after the tempo- 
rary withdrawal. Toxicity was evaluated in all treated 
patients. Antineoplastic response was evaluated only in 
patients treated during at least 4 weeks after entry. 

Pharrnacokinetics. Four patients were included in the 
pharmacokinetic study. Two patients were followed for 
up to 24 h and 2 patients to 72 h. Plasma was sampled at 
t=O, 30 min, and 1 ,  2, 3, 4, 6,8,  12, 24, 36,48, 55, and 72 
h. Fractionated urine was collected in the 2 patients fol- 
lowed for 72 h. Samples were frozen at -80°C until analy- 
sis. Plasma extraction: Stock aqueous solution of doxoru- 
bicin hydrochloride 50 pl and phosphate buffer, pH 8.3, 1 
ml were added to plasma samples in polypropylene tubes. 
The mixture was extracted with 7 ml chlorofordisopro- 
panol4 : 1 by whirl mixing for 50 s and centrifuged at 2 OOO 
rpm for 10 min. The organic layer was transferred into 
another polypropylene tube and extracted with 500 p10.2 
M phosphoric acid. The acid phase was removed and 
washed with 2 ml n-hexane. Standard curves were pre- 
pared daily by extracting plasma spiked with known 
amounts of 4-dm DNR and 4-demethoxydaunorubicinol 
(CdmDNR-01). 200 pl was injected into the chromato- 
graphic system. Urine was diluted with phosphoric acid 
and 20 pl was injected. The chromatographic system con- 
sisted of a Waters 6000 A solvent delivery system, a 
Waters U6K injector and a Hitachi F lo00 spectrofluores- 
cence detector (excitatiodemission wave lengths 4701550 
nm). The column was a Chromosep 3 x 100 mm filled with 
ChromSpher C8 5 pm. The mobile phase consisted of 
acetonitrile 35% and KH2P04 6.8 g/l adjusted to pH 3 
with phosphoric acid 65%. The flow rate was 0.4 mYmin 
and the limit of detection was 0.25 ng/ml for both the 
parent compound and the metabolite. 

The terminal half-lives of 4-dm DNR and 4-dm DNR-01 
were calculated by a computerized least-square fitting 
program. The renal clearance (Clr) was calculated by 
dividing the amount recovered in the urine (0-72 h) by the 
area under the plasma concentration curve (AUC: 0-72 h) 
calculated by the trapezoidal rule. 

Results 
The 51 patients received a total of 552 courses of drug 

therapy (Table 2) (median 11  courses, range 1-36) over a 

Table 1 
Patient characteristics 

Characteristics No. of 
patients 

Total 
Male/female 
Age median (range) 56 years (19-74) 
Performance status (WHO): median 
(range) 1 (0-4) 

Prior treatment 
Surgery 
Chemotherapy 
Radiotherapy 
Chemotherapy and radiotherapy 

Gastrointestinal tract 
Head-nec k 
Breast 
Other 

Disease 

51 
23/28 

46 
46 

7 
21 
4 

35 
6 
4 
6 

median of 12 weeks (range 1-36) with a median cumulated 
dose of 270 mg 4-dm DNR (range 15-660 mg). 

Drug toxicity could be evaluated in 49 patients and 
tumor response in 44 patients. Two patients (dose levels 
22.5 and 20.0 mg/m’) died from progressive disease after 1 
and 2 weeks respectively. There were no cases of com- 
plete or partial remission, stable disease was reported in 
13 patients with a median duration of 12 weeks (range 
4-23). Disease progression was observed in 31 patients. 

No patients were hospitalized for drug-induced septice- 
mia or fever, and no deaths were supposed to be drug- 
related. Table 2 shows the number of patients within the 
various dose groups: 3 patients were treated at each dose 
level including 17.5 mg/m2, at each level 20.0, 22.5 and 
25.0 mg/m’ more than 7 patients were included. Leuko- 
cytes dropped to the lowest value of 0.5X109 cellsh in 
only one patient after 3 courses of therapy at a dose level 
of 22.5 mg/m2, and was followed by postponement of 
treatment for 2 weeks. lkeatment was discontinued (Ta- 
ble 2) due to anorexia and malaise in one patient at a dose 
level of 15.0, 17.5 and 25.0 mg/m2 respectively, and in 3 
patients at a dose level of 22.5 mg/m2. No patient discon- 
tinued treatment due to leukopenia. 

Table 3 shows the time in weeks between the very first 
treatment to the first, second and third leucopenia episode 
and the time to toxic non-hematologic episode. Leuco- 
penia was observed in 2 of 7 patients at a dose level of 20 
mg/m2 and in 8 of 11 patients at a dose level of 22.5 mg/m2. 
Leucocyte counts were normalized within one week after 
21 episodes, 2 weeks in 5 episodes, whereas only one 
episode lasted 3 weeks. 

Thrombocytopenia was not observed at the used dose 
levels, and no drop in hemoglobin level was noted that 
could be related to the treatment. 

Nausea and vomiting, which usually began several 
hours after drug administration and lasted 4-6 h, was 
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Table 2 
Phase I study of 51 patients treated with 4-demethoxydaunorubicin 

Dose of Cumulated No. of Cause of 
4-dm DNR dose mg courses treatment 
mp/m2 Median (range) Median (range) stop* 
(No. of (No. of 
patients) patients) 

B-leucocytes 

Initial; median (range) 
during treatment 

x I O ~ A  

2.5 (3) 
5.0 (4) 
7.5 (3) 

10.0 (3) 
12.5 (3) 
15.0 (3) 
17.5 (3) 
20.0 (10) 
22.5 (12) 
25.0 (7) 

45 (15-55) 
330 (90-360) 
120 (8Crl50) 
260 (8Cr260) 
250 (120-275) 
275 (200-460) 
360 (300-660) 
370 (60-600) 
220 (35-540) 
360 (100-640) 

9 (3-12) 
33 (18-36) 
12 (8-15) 
13 (4-12) 
10 (6-1 1) 
11 (8-23) 
12 (10-22) 
I1 (2-1 8) 
6 (1-14) 
8 (2-18) 

PD (3) 6.6; 7.5 (5.0-12.0) 
PD (4) 7.9; 6.1 (3.6-26.0) 
PD (3) 7.1; 8.5 (4.3-13.3) 
PD (3) 6.1; 6.1 (5.2-11.2) 
PD (3) 7.0; 10.9 (2.4-28.2) 
max (l), tox (l), PD (1) 
maxdl), tox (l), PD (1) 
max (4), PD (6) 
max (l), tox (3), PD (8) 
max (2), tox (I) ,  PD (4) 

5.9; 4.3 (1.9-20.0) 
7.1; 4.4 (1.1-15.2) 
9.7; 5.8 (1.4-15.2) 
6.3; 3.8 (0.5-18.6) 
7.0; 4.3 (1.5-16.3) 

* max: maximum dose; tox: toxicity; PD: progressive disease. 

Table 3 
Leukopenia episodes and non-hematologic toxicity 

Dose Weeks to first leuko- 
level penia episode 
mg/m2 

Median No. of 
(Range) - 

episodes/ 
patients 
at risk 

Weeks to second leuko- Weeks to third leuko- Weeks to toxic non- 
penia episode penia episode hematologic episode 

Median No. of Median No. of Median No. of 
(Range) - (Range) ____ (Range) 

episodes/ episodes/ episodes1 
patients patients patients 
at risk at risk at risk 

2.5 
5.0 
7.5 

10.0 
12.5 
15.0 
17.5 
20.0 
22.5 
25.0 

- 
- 
- 
- 
- 

1 I3 12 (12) 
1 I3 16 (16) 
217 14 (13-15) 
811 1 7 (6-14) 
316 11 (8-14) 

observed at 20.0 mg/m2 and was more intensive at 22.5 
mg/m2 and 25.0 mg/mz. Nausea and vomiting was effec- 
tively relieved by antiemetics. Anorexia and malaise last- 
ed longer than nausea and vomiting, and with each new 
course of therapy the symptoms tended to become more 
pronounced and prolonged. These side effects were only 
registered in patients receiving more than 12.5 mg/mz, 
thus mild symptoms occurred at a dose level of 15 mg/m2, 
whereas moderate and severe complaints were experi- 
enced in those at 17.5 and at 20.0 to 25.0 mg/m* respec- 
tively. 

No patient developed cardiac dysfunction to judge from 
clinical examination or evaluated by ECG and ejection 

1 I2 
111 - 
215 - 
419 11 (11) 115 
215 12 (12) 114 

- 

- 
4 (4) 113 
- 

- 
20 (20) 111 
12 (12) 1 I2 

9 (3-17) 4/10 
- 

fraction (MUGA). Renal toxicity was not observed and 
Cr-EDTA clearance and plasma creatinine remained nor- 
mal. No drug-induced hepatotoxicity was observed. A 
rise in serum bilirubin and alkaline phosphatases was 
observed in some patients with progressive hepatic metas- 
tasis but was probably not related to treatment. No other 
toxicity was observed. 

The results of the pharmacokinetic analysis are shown 
in Table 4. Plasma samples from the 2 patients followed 
for 72 h allowed estimation of the terminal half-lives of 4- 
dm DNR and its metabolite 4-dm DNR-01. The higher 
plasma concentration (Cmax) and longer tli2 of the meta- 
bolite resulted in an area under the concentration curve 
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Table 4 

Pharrnacokinetics of 4 patients treated weekly with oral 4-demethoxydaunorubicin 

Patient Dose Cmax Tmax AUC Clr tli2 
No. level ng/ml h ng x h/ml mYmin h 

mg/m2 

4-demethoxydaunorubicin 
1" 22.5 13 3 
2" 22.5 27 2 
36 22.5 1 1  4 
46 25.0 I 3 

4-demethoxydaunorubicinol (metabolite) 
1" 22.5 48 4 
2" 22.5 56 3 
36 22.5 42 7 
4b 25.0 20 3 

Clr = renal clearance. 
24h 
72 h 

more than 10 times higher than that of the parent com- 
pound. The figure shows the plasma concentration vs. 
time curve in one patient. 

Discussion 

The antineoplastic anthracycline 4-dm DNR can be ad- 
ministered orally and its bioavailability is approximately 
30%. This figure was increased to 54% when also the 
metabolite 4-dm DNR-01 was considered (7). 

4-dm DNR may be administered weekly to increase the 
dose intensity. With a 3-week schedule (2) the maximum 
dose tolerated was 45 mgJm2, corresponding to a weekly 
dose of 15.0 mg/m2. 

In the present study no toxicity was seen at weekly 
doses less than 15 mg/m2. The dose-limiting factors were 
leukopenia, anorexia and malaise. The observation of an- 
orexia and malaise is important; it will presumably inter- 
fere with patient acceptance. 

Our pharmacokinetic results are in agreement with 
those of other investigators (8). We conclude from the 
identical renal clearance rates of parent compound and 
metabolite (Table 4) that the differences in half-lives could 
not be ascribed to differences in renal handling. In another 
study, the renal clearance of doxorubicin was found to be 
of the same magnitude (6). The variability in drug absorp- 
tion and the therapeutic effect of the metabolite indicate 
that future clinical trials concerning 4-dm DNR should 
include pharmacokinetic monitoring. 

In a phase I study utilizing a weekly schedule of oral 4- 
dm DNR for 4 consecutive weeks followed by a rest 
period of 3 weeks to pretreated patients, Dodion et al. (4) 
reported leukopenia as the dose-limiting factor at dose 
levels of 15.0-17.5 mg/m2. In that study by Dodion et al., 

- - - 
- - - 

140 51 16 
107 74 26 

- - - 
- - - 

2 440 52 57 
1 428 74 52 

hours 
24 4.8 72 

Figure. Plasma concentrations of drug 4-dm DNR (-1 and 
metabolite 4-dm DNR-ol (C.) vs. time plot in patient No. 3,  
treated with a single dose of 4-demethoxydaunorubicin 22.5 
mg/m2 by oral route of administration. 

where only few patients tolerated a thud and a fourth dose 
of 17.5 and 20.0 mg/m2, higher doses were only adminis- 
tered 2 weeks in a row, and with this schedule the dose- 
limiting factor was leukopenia at a dose level of 25.0 
mg/m*. Dodion et al. also found that myelosuppression 
was highly variable and could not be related to prior 
therapy, bone or liver metastases or performance status. 
The erratic myelosuppression was suggested to depend on 
unreliable bioavailability. The phase I study of Dodion et 
al. is inconclusive with regard to tolerated dose in a 
weekly schedule. 

The difference between the dose intensity of weekly 4- 
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dm DNR, which was 20 mg/m2 in our study and 10 mg/m2 
in the study of Dodion et al. (4), is probably due to the 
heavy pretreatment of the predominating ‘bad risk’ pa- 
tients in the latter study. 

In future phase I1 studies with 4-dm DNR, using a 
weekly schedule, we recommend the application of an 
initial dose of 20.0 mg/m2, increasing to 22.5 or even 25.0 
mg/m2 after 4 weeks’ pending absence of toxicity. 

Request for reprints: Dr Anders Krarup-Hansen, Department 
of Oncology ONA, The Finsen Institute, 49 Strandboulevarden, 
DK-2100 Copenhagen, Denmark. 
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