
[CANCER RESEARCH 45, 1408-1412, March 1985]

Phase I and II Clinical and Pharmacological Study of 4-Demethoxydaunorubicin
(Idarubicin) in Adult Patients with Acute Leukemia1

Aiman N. Daghestan!, Zalmen A. Arlin,2 Brian Leyland-Jones, Timothy S. Gee, Sanford J. Kempin, Roland

Mertelsmann, Daniel Budrnan, Philip Schulman, Raquel Baratz, Linda Williams, Bayard D. Clarkson, and
Charles W. Young

Hematology/Lymphoma [A. N. D., Z. A. A., T. S. G., S. J. K., R. M., B. D. C.] and Developmental Chemotherapy [B. L-J., C. W. Y.] Services, Department of Medicine and
the Clinical Pharmacology Laboratory [P. B., L W.], Memorial Sloan-Kettering Cancer Center, New York, New York 10021, and the section of Medical Oncology, North

Shore University Hospital, Manhasset, New York 11030 [D. B., P. S.]

ABSTRACT

Fifty-two adults treated previously with either acute leukemia
(43 patients) or blastic-phase chronic myelogenous leukemia
(nine patients) received 4-demethoxydaunorubicin (20 to 45 mg/

sq m) i.v. over 2 to 3 days. Three of the ten patients with acute
lymphocytic leukemia achieved a complete remission (CR) lasting
5 to 7 weeks. Five of the 28 patients with acute nonlymphocytic
leukemia achieved a CR lasting 5 to 80 weeks. All remissions
were induced with one course of treatment with a median time
to CR of 28 days (range, 22 to 40 days). None of the patients
with blastic chronic myelogenous leukemia or secondary leuke
mia achieved a CR. The drug was well tolerated; mucositis (36%),
nausea and vomiting (35%), and hepatic dysfunction (26%) were
the most common side effects. Pharmacokinetic observations
on five patients demonstrated multiphasic clearance of 4-deme

thoxydaunorubicin and extensive formation and prolonged reten
tion of 4-demethoxy-13-hydroxydaunorubicin; that metabolite
accumulated in plasma on repeated daily dosing. 4-Demethoxy

daunorubicin has sufficient antileukemic activity in both acute
lymphocytic leukemia and acute nonlymphocytic leukemia to
warrant a prospective comparison, in combination regimens,
against the conventional anthracyclines, daunorubicin and/or
doxorubicin.

INTRODUCTION

DNR3 and DOX are widely used in the treatment of leukemia;

however, because their utility is reduced by their cumulative
injury to the heart, the acquisition of less cardiotoxic analogues
is desirable. 4DMDR (the generic name is idarubicin) is an
anthracycline, synthesized by Arcamone ef al. (2) in the Farmitalia
Carlo Erba Research Laboratories, that differs from DNR by the
replacement of the methoxy group in position 4 with a proton; it
has recently entered clinical trials because of its favorable pre-

clinical characteristics.
4DMDR is more potent than DNR in inhibiting RNA synthesis

in Eschericha coli, as well as in inhibiting proliferation of murine
fibroblasts (13). When given i.v., 4DMDR is 5 times more potent
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than DNR against the L1210 and P388 ascitic leukemia (2, 7,
11). It is also more active against Gross leukemia than either
DNR or DOX. Unlike DNR or DOX, 4DMDR has clear biological
activity when administered p.o. (12, 13). Finally, 4DMDR is
significantly less cardiotoxic than either DNR or DOX in mice,
dogs, and rabbits (9,10,13).

Phase I trials of 4DMDR in patients with solid tumors indicated
that a dose of 12.5 mg/sq m i.v. is an appropriate dose for
extended Phase II trials; the dose-limiting side effect was mye-
losuppression (4, 5, 17). For drugs that are myelotoxic but lack
dose-limiting toxic effects to other organs, the effective antileu
kemic dose may be as much as 3-fold the Phase II dose in solid

tumor patients (3). Accordingly, we started a Phase I and II trial
of 4DMDR in leukemic patients at 10 mg/sq m i.v. daily for 3
days and escalated from that level. This paper provides the
results of that study.

MATERIALS AND METHODS

Patients

Adults up to 75 years old with a diagnosis of acute leukemia, as well
as patients with blastic phase of CML, were eligible for this study. They
may have failed to achieve remission with conventional chemotherapy or
have relapsed after a prior remission. Patients were not excluded be
cause of poor performance status; however, those with clinical evidence
of cardiac dysfunction were excluded as were patients with LVEF of less
than 50% on resting multigated RNCA. All patients gave informed
consent prior to receiving treatment. The characteristics of treated
patients are listed in Table 1.

There were 10 patients with ALL, 28 patients with ANLL (M 1 to 6 by
French-American-British classification), 9 patients with blastic phase

CML, and 5 patients who did not fall into any of the above categories.
Of the latter, 3 patients had secondary leukemia (one following treatment
of uterine carcinoma with chlorambucil, and 2 following treatment for
non-Hodgkin's lymphoma), one patient had B-cell ALL, and one patient

had biphenotypic leukemia. Eight of the 38 patients with ALL and ANLL
had never achieved a remission; 7 additional patients had failed their last
attempt at remission induction. All but 5 patients had received previous
anthracycline therapy. The anthracycline-naive group included 4 patients

with CML and one with ANLL. The prior cumulative dose of anthracycline
in the patients averaged 427 mg of daunorubicin per sq m with a dosage
range of 50 to 1100 mg/sq m.

Clinical Laboratory Monitoring

A complete blood count, serum electrolytes, blood urea nitrogen,
creatinine, liver function tests, chest X-ray, electrocardiogram, resting

RNCA, and bone marrow studies were obtained before the start of the
treatment. Subsequent electrocardiograms were obtained prior to each
daily dose of 4DMDR. Daily complete blood count and weekly liver
function tests were obtained after the start of the treatment. Follow-up
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RNCA was repeated in patients who achieved a CR. Bone marrow
studies were obtained between 7 and 10 days after the completion of
therapy to assess the efficacy of DMDR in clearing the bone marrow of
leukemic cells. Subsequent bone marrow studies were obtained 1 to 2
weeks later to evaluate the pattern of bone marrow recovery and the
clinical response.

The bone marrow aspirates and biopsies were assessed as follows:
aplasia was defined as a largely acellular marrow with complete disap
pearance of leukemic cells in the 7 to 10 days post-therapy specimen.

Hypoplasia was defined as more than 75% reduction of marrow cellularity
with less than 10% of the remaining cells being leukemic cells. Failure to
respond was defined as less than 75% reduction of marrow cellularity.
CR was defined as a cellular bone marrow with 5% or less blasts and
peripheral blood counts of >1,000 granulocytes/cu mm and a platelet
count of >100,000/cu mm lasting more than 1 month.

Pharmacological Studies
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The pharmacokinetic behavior of 4DMDR was examined in 5 patients
by a HPLC method adapted from that of Andrews ef al. (1). The 4DMDR
dose was a 3-dose regimen of 10 mg/sq m i.v. in 3 patients and the

same regimen of 12.5 mg/sq m i.v. in 2 patients. For each patient
studied, 5-ml samples of venous blood were drawn into heparinized

tubes at the following times: on Days 1 and 2, base line, 1, 2, and 8 hr
postadministration of the drug; on Day 3, base line, 5 min, 10 min, 15
min, 30 min, 45 min, 60 min, 2 hr, 4 hr, 24 hr, and 48 hr post-drug

administration. Each sample was centrifugea immediately with a mini
mum of 2 ml of plasma transferred to appropriately labeled tubes and
frozen at -20Â° until assay.

Chemicals. Pure samples of 4DMDR and 4DMDR-ol were provided

by Farmitalia Carlo Erba (Milan, Italy). The internal standard, DNR, was
obtained from the Sigma Chemical Co. (St. Louis, MO). Acetonitrile
(HPLC grade), methanol (HPLC grade), and potassium phosphate mon
obasic were Baker analyzed reagents. Stock solutions of the 3 drugs
were prepared as required in CH3CN:0.025 M KH2PO4 (pH 3.0) (25:75)
with desipramine at 10 M9/ml to eliminate drug adherence to glass (6,
14).

HPLC. A Waters Associates (Milford, MA) liquid Chromatograph con
sisting of 2 M-6000A solvent delivery systems, a WISP Model 71 OB, a

Model 730 data module, and a Model 720 system controller were used.
The column was a Radial-pak /j-Bondapak phenyl (Waters Associates).
Compounds were detected by fluorescence using a Perkin-Elmer (Nor-
walk, CT) Model 650-1 OS fluorescence spectrophotometer with excita
tion and emission wave lengths set at 470 nm (10-cm slit width) and 545
nm (20-cm slit width), respectively. The parent drug, its hydroxylated

metabolite, and the DNR internal standard were separated using a linear
gradient of 0.025 M KH2PO4 to 60% CH3CN:0.025 M KH2PO4 (pH 3.0)
(65:35) with a flow of 5.0 ml/min. The relative retention times of 4DMDR-

ol and 4DMDR, with reference to DNR as the internal standard, were
0.95 and 1.07, respectively. The lower limit of sensitivity for each
compound was 5.0 ng/ml.

Extraction Procedure for Human Plasma. The internal standard,
DNR, was added to the patient's plasma and standards in plasma at

250 ng/ml. Extraction was accomplished using C-18 Sep-Pak cartridges
(Waters Associates). The Sep-Pak cartridges were primed in sequence

with 2 ml each of methanol, H20, and 0.025 M KH2PO4 (pH 3.0). The
plasma was introduced at a volume of 1 ml with an equal volume of
0.025 M KH2PO4 (pH 3.0). Then, the Sep-Pak cartridge was washed in

sequence with 2 ml each of 0.025 M KH2PO4(pH 3.0), H2O, and methanol.
The methanol aliquot was evaporated to dryness at 30Â°under air and

redissolved in 1 ml of CH3CN:0.025 M KH2PO4 (25:75) (pH 3.0), and 100
Â¿ilwere injected onto the HPLC. The percentages of recovery for stand
ards using this method were 98.47 Â±0.85 (S.D.) for DMDR-ol and 94.41

Â±2.56 for DMDR.
The apparent half-life calculations for 4DMDR content in plasma were

obtained from the drug-concentration versus time plots by the method

of residuals as described by Gibaldi and Perrier (15).
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Treatment

The starting dose of 4DMDR was 10 mg/sq m i.v. every day for 3
days. Each dose was mixed with 200 ml of 5% dextrose in water and
given i.v. over 15 min. Twenty-two patients received the first dose level.

In 2 patients with significant liver dysfunction (bilirubin > 2 mg/dl), the
dose was reduced to 10 mg/sq m i.v. every day for 2 days. Since the
patients tolerated 10 mg/sq m for 3 days without dose-limiting toxicity,

the dose was escalated in 20 patients to 12.5 mg/sq m for 3 days.
Finally, 8 patients were treated with 15 mg/sq m for 3 days. Patients
achieving CR were maintained with either 4DMDR (12.5 mg/sq m) i.v.
every 3 weeks (4 patients) or received 2 consolidation courses of 4DMDR
(10 mg/sq m) i.v. every day for 2 days each, before maintenance therapy
was started (one patient).

RESULTS

Antileukemic Effects. Fifty-one of the 52 patients entered

into this study were Ã©valuablefor response and toxicity. The
nonevaluable patient died of cerebral hemorrhage on Day 2 in
the setting of severe disease-induced thrombocytopenia before
the completion of a planned 3-day course of drug therapy. Table

2 describes the effect of therapy on induction of marrow aplasia.
Fourteen of the 51 patients died in the first week of therapy

or while still aplastic (one ALL, 5 ANLL, 6 blastic CML, one
secondary leukemia, and one with biphenotypic leukemia). The
cause of death in these patients was sepsis and/or hemorrhage.
These patients were not excluded from the analysis of the total
response rate and were considered among the group of patients
who failed therapy.

Three patients with ALL (30%) achieved CR, which lasted 5,
7, and 7 weeks, respectively. Five of the 28 patients with ANLL
(18%) achieved CR for 5, 7,10,18, and 80 weeks, respectively.
All the remissions were obtained with one course of treatment.
The median time from therapy to CR was 28 days (range, 22 to
40 days). None of the patients with blastic CML, nor those with
secondary leukemia achieved a CR. None of the 8 patients
whose ANLL was refractory to primary induction therapy re
sponded, but one of the 7 who had failed their last induction
attempt with DNR responded. One patient with blastic CML
achieved a partial remission with return of marrow to the chronic
phase lasting for 3 weeks. The dose-remission relationships are

demonstrated in Table 3.
Nonhematopoietic Toxic Effects of 4DMOR. All but one of

Table 2
Effecf of 4DMDRin clearing the bone marrow of leukemic cells

Table 4
Nonhematologicaltoxicity of 4DMDR

Dose level (mg/sq No. of evalu-
m) able patients

Response

Aplasia Hypoplasia Failure CR

10x210x312.5x315x32131433523712720521

Table 3
Therapeuticresponse to 4-DMDFtaccording to dose administered and diagnosis

Dose
(mg/sqm)20

30
37.5
45No.

of pa
tients2

2220

8ALL

(CR/total)3/6

0/20/2ANLL

(CR/total)0/1

2/11
2/12
1/4CML

(PRa/total)0/1

1/4
0/3
0/1Others

(CR/total)0/1

0/30/1

Dose level
(mg/sqm)10x210x312.5x315x3No.

ofpatients222208Nausea/
vomiting0783Mucositis06103Serum

glu-
tamicoxala-cetic
trans-aminase

>
100 and/or
bilirubin>32363Congestive

heart fail
ure001Â«0

' PR, partial response (see text for definition).

8This patient had received a cumulative dose of DNR (426 mg/sq m) during

previous therapy before entering into this study.

the patients developed profound peripheral pancytopenia and
nadir sepsis that required hospitalization. The nonhematopoietic
toxicity of 4DMDR is shown in Table 4. Mucositis was the most
common side effect; it was encountered in 36% of patients. It
was generally mild, lasting for only a few days. In only one patient
did the severity of mucositis limit patient intake of liquids; in an
additional 3 patients, intake of solid food was impaired. All of
these patients had received 12.5 mg/sq m for 3 days.

Nausea and vomiting occurred in 35% of the patients. It was
also of mild degree, averaging one to 2 episodes a few hr
following drug administration. Liver function abnormalities char
acterized by a serum bilirubin > 3 mg/dl and/or serum glutamic
oxalacetic transaminase > 100 ///dl were seen in 26% of the

patients. The median abnormal bilirubin was 4.6 mg/dl; the range
was 3.0 to 33.9 mg/dl. The liver function abnormalities generally
coincided with the blood count nadirs; the median day of maximal
elevation was Day 20 with a range of Day 4 to Day 72. In one
patient, the liver toxicity was clinically accompanied by hepatic
encephalopathy in the setting of bacterial sepsis.

Minor electrocardiogram changes were seen in 10% of pa
tients prior to the second and third doses of drug infusion. These
were mostly reversible ST-T wave changes with T wave inver

sion. No significant arrhythmias were seen. One patient who had
received 426 mg of DNR per sq m prior to receiving 4DMDR
developed congestive heart failure during aggressive hydration
for pneumonia and sepsis. The patient responded to treatment
with diuretics and digitalis. On subsequent assessment, the
resting LVEF had fallen from 55% pretreatment to 46% post-

treatment.
Most of the patients had alopecia at the time of entry onto

4 DMDR treatment; however, in 2 patients who did not have
pretreatment alopecia, only minor hair loss occurred. One patient
experienced regrowth of hair while on 4DMDR therapy. Diarrhea
was severe in one patient who developed abdominal pain, dis-

tention, and diarrhea 4 days after receiving 4DMDR (15 mg/sq
m for 3 days). Other minor toxicities were fatigue and a probable
drug-related fever of 39Â°which was observed in one patient

which lasted only on the day the drug was received in the
absence of infection.

Pharmacological Studies. Detailed pharmacokinetic studies
were carried out on 5 patients; 3 received 10 mg/sq m, and 2
received 12.5 mg/sq m. Sample tracings illustrating the high-

pressure liquid Chromatographie separation for 4DMDR and
4DMDR-OI, with DNR as internal standard, are provided in Chart
1. The kinetic parameters of 4DMDR and 4DMDR-ol in plasma
of one patient each at the 10-mg/sq m dosage level are illustrated

in Charts 2 and 3, respectively. In general, the patterns in these
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Chart 1. /4, reverse-phase HPLC separation of 100 ng/ml each of 4DMDR and

4DMDR-OI standards in potassium phosphate monobasic buffer with DNR (Â£5,)(100
ng/ml) as internal standard. 8, representative separation obtained from extraction
of a patient plasma 2 hr after a dose of 12.5 mg/sq m with 4DMDR as an i.v. bolus.
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Charts. Rasma concentrations over time of 4DMDR (DMDR) ana 4DMDR-CJ
(DMDR-ol) in Patient 4 after a dose of 12.5 mg of 4DMDR per sq m as a 15-min

i.v. infusion at 0, 24, and 48 hr.
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Chart 2. Plasma concentration over time of 4DMDR (DMDR) and 4DMDR-d

(DMDR-ol)in Patient 2 after a dose of 10.0 mg of 4DMDR per sq m as a 15-min
i.v. infusion at 0, 24, and 48 hr.

patients were similar. They did not show an increase in the peak
concentrations of DMDR with sequential days treatment; how
ever, persistence or accumulation of 4DMDR-ol was observed

in all patients. The clearance of the drug on Treatment Days 1
and 2 was at least biphasic; the limited sample numbers obtained
and further drug administration at 24 hr do not permit a more
detailed statement for those days. However, on Treatment Day
3, detailed pharmacokinetic observations were carried out that
permit more extensive analysis; the calculated plasma half-life

Tables
Plasma halt-lives derived from a triexponential fit ot the plasma concentration x

time data on Day 3 ota 15-min infusion of Idarubicin daily for 3 days

Patient12s14SMedianDose(mg/sqm)10101012.512.5tipa(min)14.49.114.29.42.09.4ti/10(hr)5.23.812.90.90.673.8tin
y

(hr)45.722.827.73.224.8

* Data fit a 2-compartment model.

determinations of the 5 patients are contained in Table 5.
Although in 4 of the 5 patients the drug disappearance from

plasma best fit a triphasic curve, there was considerable varia
bility in the clearance rates. In Patient 5, the clearance rate was
extremely rapid; it represented a major departure as well from
the prior experience of this laboratory in solid-tumor patients (4).

There was no apparent physiological difference between this
patient and the others in the study. The data from Patient 3 fit a
biphasic curve; there was no apparent impact on the rate of drug
clearance of a developing tumor lysis-induced renal impairment.

DISCUSSION

DNR and DOX are among the most effective antileukemic
agents in current use. However, extended administration of these
drugs is limited by dose-related cardiotoxicity. 4DMDR is a new

candidate anthracycline analogue that retains the important an
tileukemic activity of the conventional anthracyclines but mani
fests much less cardiotoxicity in animal model systems.

The CR rate we have observed with 4DMDR in patients with
ALL and of ANLL of 30 and 18%, respectively, is similar to that
reported in a comparable patient population with DOX or amsa-
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crine (3). The effective antileukemic dose of 40MDR in this study
is about one-fifth of the DNR dose in current use for remission

induction, which confirms the preclinical data of 4 DMDR being
5 times more potent than DNR (13).

The most striking pharmacological observation in our study is
the prolonged presence in plasma of 4DMDR-ol in all the 5

patients studied. In 3 of these patients, the plasma level in
creased on successive days of dosing. Such persistence of the
reduced metabolite has not been observed for DOX or 4'-

epidoxorubicin, but significant formation and retention of dau-
norubicin-ol have been reported following DNR administration in

humans (1, 16). This prolonged retention is of great interest
because 4DMDR-ol is equipotent with 4DMDR when studied in

cell culture and transplanted leukemias (8). The prolonged reten
tion of 4DMDR-OI may well contribute to the significant increase

in potency in vivo of 4DMDR.
In spite of heavy prior anthracycline exposure in the majority

of patients treated, only one patient in this series developed
clinical evidence of congestive heart failure; this occurred during
a period of physiological stress. Other patients in whom LVEF
could be measured posttreatment with RNCA showed no reduc
tion in left ventricular function.

Although minor and reversible hepatic dysfunction was com
mon, this is similar to our experience with patients undergoing
similarly intensive remission induction treatment with other
agents (3).

The therapeutic results of this study in patients who experi
enced mild nonhematological toxic effects are sufficiently en
couraging to continue with further evaluation of the drug. At
present, 4DMDR is being evaluated in combination with ara-C in

patients with acute leukemia in relapse. Our initial dose of
4DMDR in this trial is 10 mg/sq m i.v. every day for 3 days. If no
unusual drug interaction is seen, we will initiate a formal random
ized trial comparing DNR and ara-C with 4DMDR and ara-C for

remission induction in ANLL.

ACKNOWLEDGMENTS

We would like to thank Dr. Counce Hancock, Virginia Raymond, and Cathie
Cassidy for their research assistance and1Shelley Sunshine for preparation of the
manuscript.

REFERENCES

1. Andrews, P. A., Brenner, D. E., Chou, F-T. E., KUDO,H., and Bachur, N. R.
Facile and definitive determination of human doxorubicin and daunorubicin
metabolites by high pressure liquid chromatography. Drug Metab. Dispos.,9:
152-156,1980.

2. Arcamone, F., Bernardi, L., Giardino, P., Di Marco, A., Casazza, A. M., and
Pratesi, G. Synthesis and antitumor activity of 4-demethoxydaunorubicin,4-
demethoxy-7,9-diepidaunonibicin,and their anomers. CancerTreat. Rep.,60:
829-834,1976.

3. Arlin, Z. A., Sklaroff, R. B., Gee, T. Sâ€žKempin,S. J., Howard, J., Clarkson, B.
D., and Young, C. W. Phasel and II trial of 4'-(9-acridinylamino)methanesulfon-
m-anisidide in patients with acute leukemia. Cancer Res., 40: 3304-3306,
1980.

4. Berman, E., Wittes, R. Eâ€žLeyland-Jones, B., Casper, E. S., Gralla, R. J.,
Howard, J., Williams, L., Baratz, R., and Young, C. W. Phase I and clinical
pharmacologystudies of intravenousand oral administrationof 4-demethoxy
daunorubicin in patients with advancedcancer. Cancer Res., 43: 6096-6101,
1983.

5. Bonfante, V., Ferrari, L., Villani, F., and Bonadonna, G. Phase I study of 4-
demethoxydaunorubicin.Invest. New Drugs, 1:161-168,1983.

6. Brotell, H., Ehrsson,H., andGyllenhaal,0. GasChromatographiedetermination
of pentazocine in human plasma by means of electron-capture detection. J.
Chromatogr., 78: 293-301,1973.

7. Casazza, A. M. Experimental evaluation of anthracycline analogues. Cancer
Treat. Rep., 63: 835-844, 1979.

8. Casazza, A. M., Barbieri, B., Fumagalli,A., and Ceroni, M. C. Biologicactivity
of 4-demethoxy-13-dihydrodaunorubicin.Proc. Am. Assoc. Cancer Res., 24:
251,1983.

9. Casazza, A. M., Bertazzoli, C., Pratesi, G., Bellini, O., and Di Marco, A.
Antileukemic activity and cardiac toxicity of 4-demethoxydaunorubicin.Proc.
Am. Assoc. Cancer Res., 20:16,1979.

10. Casazza, A. M., Di Marco, A., Bonadonna, G., Bonfante, V., Bertazzoli, C.,
Bellini, O., Pratesi, G., Sala, L., and Ballerini, L. Effects of modifications in
position 4 of the chromophore in position 4' of the amino sugar on the

antitumor activity and toxicity of daunorubicinanddoxorubicin. In: S. T. Crooke
and S. D. Reich(eds.),Anthracyclines:Current Status and New Developments,
pp. 403-430. New York: Academic Press, Inc., 1980.

11. Casazza,A. M., Pratesi, G., Giuliani,F., and Di Marco, A. Antileukemicactivity
of 4-demethoxydaunorubicinin mice. Tumori, 66: 549-564,1980.

12. Di Marco, A., Casazza, A. M., and Pratesi, G. Antitumor activity of 4-deme
thoxydaunorubicin administered orally. Cancer Treat. Rep., 61: 893-894,
1977.

13. Di Marco, A., Zunio, F., and Casazza, A. M. Comparison of biochemicaland
biological methods in the evaluation of new anthracycline drugs. Antibiot.
Chemother., 23:12-20,1978.

14. Eksborg, S., Ehrsson, H., Andersson, B., and Beran, M. Liquid Chromato
graphie determination of daunorubicin and daunorubicinol in plasma from
leukemic patients. J. Chromatogr. Ã•53:211-218,1978.

15. Gibaldi, M., and Perrier,D. Pharmacokinetics,Ed. 2, pp. 433-449. New York:
Marcel-Dekker,Inc., 1982.

16. Huffman, D. H., Benjamin,R. S., and Bachur, N. R. Daunorubicinmetabolism
inacute non-lymphocyticleukemia.Clin. Pharmacol.Ther., 73:895-905,1972.

17. Kaplan, S., Martini, A., Vanni, M., Togni, P., and Cavallli, F. Phase I trial of 4-
demethoxydaunorubicinwith single i.v. doses. Eur. J. CancerClin. Oncol., 72:
1303-1306,1982.

CANCER RESEARCH VOL. 45 MARCH 1985

1412

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/2421644/cr0450031408.pdf by guest on 19 M

ay 2023




