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ABSTRACT

The clinical pharmacology and toxicity of a novel anthracycline deriv
ative, 4'-O-tetrahydropyranyladriamycin (THP-adriamycin), was inves

tigated in patients with advanced malignant diseases. The starting dose
was 30 mg/m2 which was escalated by increments of 10 mg/m2. Twelve

patients with a median age of 42 (range, 19-69) years and a median

Eastern Cooperative Oncology Group performance score of 2 (range,
1-2) were entered into the study. The diagnoses included four testicular

cancers, two breast cancers, two small cell lung cancers, two acute myeloid
leukemias, one colon cancer, and one hemangiosarcoma. THP-adriamycin

was given as an i.v. bolus injection every 3 weeks. Evaluable were 18
courses for general toxicity, 16 courses for hematological toxicity, and
16 courses for pharmacokinetics. THP-adriamycin had a short initial
half-life of 1.4 Â±0.3 min (mean Â±SD) due to rapid cellular uptake. Peak

concentrations in unseparated blood cells were reached 5 min after drug
injection and remained higher than in plasma throughout the observation
period of 72 h. The half-lives of THP-adriamycin in plasma were 19 Â±

2.8 min in an intermediate and 13 Â±1.6 h in the terminal phase. A linear
correlation was observed between the dose and the areas under the
concentration curves for THP-adriamycin in plasma (r = 0.97) and blood
cells (r2 = 0.99). The volume of distribution was 2124 Â±221 liters/m2
and the total clearance rate 115 Â±11 Iiters/m2h. THP-adriamycin was

metabolized to Adriamycin, THP-adriamycinol, and adriamycinol. The
major metabolite was Adriamycin with a terminal half-life in plasma of

33 Â±10 h. The area under the curve of Adriamycin was also correlated
to the administered dose (r2 = 0.96). Since excessive peak concentrations

of Adriamycin were avoided, the treatment with THP-adriamycin might

be an alternative to continuous infusions or weekly administrations. The
maximum tolerated dose was 70 mg/m2, and the dose-limiting toxicities

were leukopenia and thrombocytopenia. Anemia, nausea, and vomiting
were mild to moderate, and no other toxicity was observed. All side
effects were dose dependent and reversible. In a patient with breast
cancer, a disease stabilization was achieved lasting for 9 weeks. No
objective remission was observed. We suggest 60 mg/m2 in pretreated or
poor risk and 70 mg/m2 in untreated or good risk patients every 3 weeks

for further clinical trials.

INTRODUCTION

Searching for equieffective but less cardiotoxic anthracyclines
Umezawa et al. investigated several semisynthetic tetrahydro-
pyranyl derivatives of daunomycin and Adriamycin (1). They
reported that THP-adriamycin3 (Fig. 1) had improved activity

against LI210 leukemia in mice and less acute cardiotoxic
effects in hamsters as compared to Adriamycin. THP-adria
mycin was rapidly taken up by L5178Y and LI210 cells, accu
mulated in the cell nuclei, and inhibited DNA synthesis (2). A
faster uptake for THP-adriamycin than for Adriamycin and 4'-

epiadriamycin was reported for Friend leukemia cells and re
lated to the cytotoxicity (3). The in vitro reactions of DNA
polymerases were inhibited by THP-adriamycin (4). In compar-
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Â¡sonto the parent compound, THP-adriamycin was equally or
more effective against P388 and LI 210 leukemia, Lewis lung
carcinoma, B16 melanoma, and colon adenocarcinoma 38, but
less effective than Adriamycin against colon adenocarcinoma
26 (5). THP-adriamycin showed comparable activity to Adria
mycin in an in vitro colony forming assay of several human
tumors (6). The cardiotoxicity and alopecia caused by anthra
cyclines were examined in the golden hamster, and Dantchev
et al. reported a reduced incidence of toxicity for THP-adria
mycin compared to daunomycin, Adriamycin, and 4'-epiadria-

mycin (7). Under their experimental conditions, they classified
12 anthracyclines and mitoxantrone according to the general
toxicity, cardiotoxicity, and skin toxicity: THP-adriamycin,
aclacinomycin, AD-32, and AD-143 were the least toxic agents
(8).

Although these preclinical experiments are not generally
accepted as predictive for clinical efficacy and human cardi
otoxicity, an improved therapeutic index was suggested, and
THP-adriamycin was tested in phase I trials (9-11). Maximum
tolerated doses between 55 and 66.6 mg/m2 were reported. The
dose-limiting toxicity was leukopenia which occurred on day
14 and resolved on day 21 following treatment. Other side
effects included thrombocytopenia, anemia, anorexia, nausea,
vomiting, and alopecia which were generally mild. Recom
mended doses for phase II studies varied between 35 and 50
mg/m2 every 3 weeks (9-11). Objective remissions were re

ported in patients with ovarian, cervical, and breast cancer, as
well as malignant lymphoma and mesothelioma (11-14). Pre
liminary clinical pharmacological studies revealed a short half-
life and higher concentrations of THP-adriamycin in whole
blood than in plasma (15).

The objectives of our study were to investigate the clinical
pharmacology and to characterize the toxicity of THP-adria
mycin in patients with advanced malignancies. We started with
a dose of 30 mg/m2 which was escalated by increments of 10
mg/m2. As in phase I studies, the therapeutic activity was

recorded.

MATERIALS AND METHODS

Chemicals. THP-adriamycin-hydrochloride for injection was sup
plied by Behringwerke (Marburg, West Germany). Pure standards of
THP-adriamycin, THP-adriamycinol, adriamycinol, 7-deoxyadriamy-
cin aglycone, and 7-deoxyadriamycinol aglycone were also provided by
Behringwerke. Standards of Adriamycin, adriamycin aglycone, and
daunomycin were courtesy of Farmitalia-Carlo Erba (Milan, Italy).
Reagents of analytical grade, and solvents of HPLC grade were pur
chased from Merck (Darmstadt, West Germany).

Stability. THP-adriamycinhydrochloride is a red, crystalline com
pound and soluble in water and methanol. For clinical purposes, it was
dissolved in 40-50 ml of sterile water. Its stability was also tested in
water, plasma, and whole blood at a concentration of 1Â¿ig/ml.In water,
the pH was adjusted to 2, 4, 6, 8, and 10 with o-phosphoric acid or
sodium hydroxide. The solutions were either subjected to daylight or
stored in the dark for definite time periods at -20, 4, 22, or 37Â°C.The

stability was also examined under the assay conditions of BÃ¶yum(16).
Patients. Twelve patients were entered into the study after obtaining

their informed consent. The male-to-female ratio was 6:6. The median
age was 42 (range, 19-69) years. All patients had histologically proven,
progressive, and measurable malignancies. The diagnoses included four
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Fig. 1. Chemical structure of THP-adriamycin.

testicular cancers, two breast cancers, two small cell lung cancers, two
acute myeloid leukemias, one colon cancer, and one hemangiosarcoma.
The two patients with acute myeloid leukemia were entered into the
study in an attempt to measure THP-adriamycin in leukocytes. The
median Eastern Cooperative Oncology Group score was 2 (range, 1-2)
and the minimum life expectancy 2 months. No patient had a prior
heart disease or serious electrocardiogram alterations. Eligibility crite
ria included WBC of above 3000/^1, thrombocytes of at least 100,000/
ti\. and bilirubin and creatinine values had to be normal. All patients
had received prior chemotherapy with the following characteristics:
median number of cytostatic drugs, 5 (range, 2-11), median number of
regimens, 2 (range, 1-8), and median number of courses, 6 (range, 3-
25). Five patients were pretreated with anthracyclines, and 5 patients
had received radiotherapy. Prior to treatment with THP-adriamycin,
no cytostatic agent had been given for at least 4 weeks (6 weeks for
nitrosoureas or mitomycin C), and patients had recovered completely
from previous toxicity.

Treatment. THP-adriamycin was administered as an i.v. bolus injec
tion. The injection was given at 8 a.m. (17). Treatment was repeated
every 3 weeks if no objective tumor progression was noted. Two courses
each of 30, 40, and 50 mg/m2, and six courses each of 60 and 70 mg/
m2 were administered. At least two patients per dose level were entered.

The toxicity was recorded weekly according to WHO criteria. The
maximum tolerated dose was defined as producing acceptable, manag-
able, and reversible toxicity of WHO grade II-III. All 18 courses were
Ã©valuablefor general toxicity. The two courses (30 and 40 mg/m2,

respectively) in patients with acute myeloid leukemia were excluded
from the evaluation of hematological toxicity. The pharmacology was
Ã©valuablein all 12 initial and in four subsequent courses. Two patients
refused pharmacokinetic sampling in a second and third course, respec
tively. Electrocardiograms were obtained before, immediately after, and
weekly after treatment with THP-adriamycin.

Samples. Blood samples were drawn from a separate catheter into
heparinized polystyrole tubes, and immediately put on ice in a dark
container. Samples were collected before and at 2, 5, 10, 15, 30 min,
1, 2, 3,4, 6, 9, 12, 24, 36, 48, 60, and 72 h following injection of THP-
adriamycin. Blood samples were centrifuged at 1500 x g for 10 min at
4 ( '. and the plasma and packed blood cells stored separately. Urine

samples were collected in 6-h portions for 72 h. All samples were stored
at â€”20Â°Cfor a maximum of 1 week until analysis. Absorption was

avoided because the samples never contacted with glass surfaces.
Analysis. An isocratic, reversed-phase HPLC method was used to

separate and quantitate THP-adriamycin and its metabolites THP-
adriamycinol, Adriamycin, and adriamycinol. Daunomycin was added
as internal standard. Packed blood cells were diluted with 2 volumes of
ice cold water, and sonicated for 2 min. Samples of plasma and cells
were prepared for HPLC by a clean-up procedure on disposable col
umns Tilled with C18 reversed-phase material (Baker Chemicals, Phil-
lipsburg, NJ): 1 ml of sample was added to the column, washed with 1
ml of water and 1 ml of n-hexane, and eluted with 2 x 1 ml of
chlorofornrmethanol, 2:1 (v:v). The eluant was collected in polypro
pylene tubes from Costar (Broadway, MA) and dried under a stream of
nitrogen. The residue was dissolved in acetonitrile:water, 26:74 (v:v),

and 20-40 n\ were injected. The extraction efficiency for THP-adria
mycin was 85%. Urine samples were injected directly after addition of
the internal standard and centrifugation at 1000 x g for 10 min. The
Chromatograph consisted of an M6000 pump, a U6K manual or a
cooled WISP automatic injector, a Â¿iBondapakphenyl column (3.9 x
300 mm, lO-^m particle size), a data module, and a system controller
by Millipore/Waters Chromatography (Milford, MA). The mobile
phase was acetonitrile:20 HIM o-phosphoric acid, 26:74 (v:v), pH 2,
which was prepared daily and vacuum degassed before use. The fluo
rescence detector (FS970 of Kratos Instruments. Ramsey, NJ) was set
to an excitation wavelength of 254 nm and equipped with an emission
filter of 550 nm to monitor the eluant from the HPLC column. The
peak areas of interest were integrated. The results of blood and plasma
samples were analyzed according to standard nonlinear kinetics on a
DEC350 computer (Digital Equipment Corp., Maynard, MA).

RESULTS

Stability. The degradation of THP-adriamycin is gradually
enhanced by lowering the pH below neutral, increasing the
temperature above 4Â°C,and by exposure to light. The major

degradation product in Adriamycin. When dissolved in water
of pH 2 and stored at 4, 22, and 37Â°Cfor 4 h, 85, 29, and 0%

of THP-adriamycin were still present, respectively. Light was
of comparably minor importance. The clinical preparation of
THP-adriamycin in water contained less than 3% (range, 1.6-
2.9%) Adriamycin, and was stable at room temperature and
daylight for 1 h. Stability was also proven for the assay condi
tions, i.e., at 4Â°C,neutral pH, and minimum daylight. THP-

adriamycin was stable for at least 1 month in clinical samples
when stored at -20Â°C in the dark. In freshly obtained plasma

of three normal volunteers, THP-adriamycin had a half-life of
3.1 h at 37Â°Cin the dark. The major metabolites were Adria
mycin and 7-deoxyadriamycin aglycone. In plasma of 4Â°C,
THP-adriamycin was stable for 1 h. Under the assay conditions
described by BÃ¶yum(16), THP-adriamycin was not accurately
measurable in separated leukocytes because blood had to be
diluted with 0.9% NaCl solution and centrifuged at 20"C. In

addition to the instability at that temperature, THP-adriamycin
was also found in the diluent.

Pharmacology. Fig. 2 depicts an HPLC chromatogram of
patient plasma after the injection of THP-adriamycin. The
metabolites-THP-adriamycinol, Adriamycin, and adriamycinol

were found in plasma, packed cells, and urine. The detection

16
TIME [mini

Fig. 2. Representative HPLC chromatogram of a plasma sample taken 2 h
after i.v. administration of 70 mg/m2 THP-adriamycin: a, THP-adriamycin; A,
THP-adriamycinol; c, Adriamycin: Â¡I.adriamycinol; r. internal standard (dauno-
mycin).
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limit was generally 0.5 ng/ml. The standard curves were linear
between 0.5 and 5000 ng/ml. The aglycone concentrations in
clinical samples were at or below the detection limit. Pharma-

cokinetics did not differ in subsequent as compared to initial
courses.

Fig. 3 shows the concentration curves of THP-adriamycin in
plasma and blood cells of four patients receiving five courses of
70 mg/m2 THP-adriamycin. The plasma concentrations were
fitted to a three-compartment model with a rapid initial distri
bution phase. The concentrations in packed blood cells in
creased from the second to the fifth minute after drug admin
istration, and followed biexponential kinetics thereafter. During
the elimination phase, the concentrations of THP-adriamycin
were 10 times higher in the cells than in plasma. Rapidly
declining concentrations of Adriamycin were observed in a short
initial phase after drug injection, followed by the usual metab
olite profile (Fig. 3). Peak plasma concentrations of the metab
olites THP-adriamycinol and Adriamycinol were observed after
a median time of 6 and 9 h, respectively. In blood cells, the
levels of THP-adriamycinol and adriamycinol were between the
detection limit and 1 ng/ml, and therefore not adequately
assessable.

Table 1 presents the pharmacokinetic parameters of THP-
adriamycin in plasma depending upon the dose of the drug.
The pharmacokinetics of THP-adriamycin in packed blood cells

Table 2 Pharmacokinetic parameters of THP-adriamycin in packed blood cells'

2000-j1000-enc100z0Ã¬'\V&*-*-*â€¢â€¢br-*-*-
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12 36
TIME [h]

60 72

Fig. 3. Concentrations of THP-adriamycin and its metabolites in plasma and
packed blood cells in four patients receiving 70 mg/m2 as an i.v. bolus injection.
Means of five courses: bars, SD; â€¢,THP-adriamycin in plasma; A, THP-
adriamycin in cells; A, Adriamycin in plasma; D. Adriamycin in cells; â€¢,THP-
adriamycinol in plasma; O, adriamycinol in plasma.

Table 1 Pharmacokinetic parameters of THP-adriamycin in plasma and urine"

DoseCPOCourses
(mg/m2)(ng/ml)2

2
2
5530

40
SO
60
70375*

500549

1524
1811

0.93CAUC

rw a
'ng/mlh)(min)230

353
419
625
687

0.99C

Â±(.0

.4

.6

.3

.4
A"(min)20

17
16
20
23
19

Â±2.8t*1

(h)10

13
14
1414

13Â±1.6TC(liter/

m2h)130

114
120
100
109
115
Â±11(liter?m21963

21602476

2105
1914
2124
Â±221CUE3.6

5.3
5.3
4.7
4.0
4.6

Â±0.8
* CPO.extrapolated concentration at time 0; AUC, area under the curve; tv,,

half-lives of a, ÃŸ,and y compartment; TC, total clearance rate; FD,, volume of
distribution of 7 compartment; CUE, cumulative urinary excretion in percentage
of administered dose.

* Averages.
c Coefficient for correlation with dose (significant at p < 0.01).
d Mean Â±SD.

Dose
(mg/m2)30

4050

60
70CP(ng/ml)190*

688
892
1004
1337

0.97fAUC(ng/mlh)789

1577
2723
3374
4759

0.99C(min)19

29
33
46
35
33"

Â±10(h)9

9
13
16
13
12*

Â±3
Â°Cp, peak concentration; AUC, area under the curve; tv,, half-lives of n and ÃŸ

compartment.
* Averages.
c Coefficient for correlation with dose (significant at p< 0.01).
" Mean Â±SD.

Table 3 Pharmacokinetic parameters of the metabolites of THP-adriamycin in
plasma"

Dose(mg/m2)3040506070CompoundADMTHPolADMolADMTHPolADMolADMTHPolADMolADMTHPolADMolADMTHPolADMolADMTHPolADMolCT(ng/ml)9352125631486311865155550.75*0.080.98'AUC(ng/mlh)2501801465361782571040232327135824124621932434380.98*'

'0.92C0.84Ctv,

in.
(min)3.54.65.49.06.65.8"Â±2.1km(h-)0.30.40.20.50.40.20.50.50.50.90.40.40.90.50.40.6Â±0.30.4Â±0.10.4Â±0.1fÂ»el.(h)27204227156233236935246035256131Â±421Â±459Â±10CUE(%)10.60.40.212.30.40.214.40.50.27.30.40.611.10.50.611.1Â±2.60.4Â±0.10.4Â±0.2

" Cp, peak concentration; / , initial and elimination half-lives; Â£â€ž*,,metabolism

rate constant; CUE, cumulative urinary excretion; ADM, Adriamycin; THPol,
THP-adriamycinol: ADMol, adriamycinol.

* Coefficient for correlation with dose.
c Significant at p < 0.05.
' Mean Â±SD.

Table 4 Toxicity of THP-adriamycin

WHOgradingToxicityLeukopeniaThrombocytopeniaAnemiaInfectionCardiotoxicityNausea/vomitingDiarrhoeaHair

lossOther04/16"13/1610/1618/1818/1811/1818/1818/1818/1816/161/164/16002/1800023/161/162/16005/1800032/161/16000000041/1600000000

* Number of courses with toxicity/number of Ã©valuablecourses.

are described in Table 2. A linear correlation between the dose
and the AUC of THP-adriamycin in plasma and in cells was
found. The pharmacokinetic parameters of the metabolites
THP-adriamycinol, Adriamycin, and adriamycinol in plasma
are listed in Table 3. The correlation between the AUC of
Adriamycin and the dose was also linear.

Toxicity. The evaluation of treatment-related toxicity is given
in Table 4. The following median lowest counts were observed
at the dose levels of 30, 40, 50, 60 and 70 mg/m2, respectively:

4,000, 4,300, 4,900, 3,600, and 2,100 white blood cells, and
375,000, 265,000, 272,000, 220,000, and 152,000 thrombo-
cytes. The nadir of leukopenia and thrombocytopenia occurred
on day 14 following therapy. Anemia was noted in patients with
advanced tumors. Complete recovery of hematological toxicity
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was observed on day 21. Patients suffered nausea and vomiting
lasting for no longer than 1 day in 39% of all courses. No
cardiac toxicity could be documented by clinical examination
and electrocardiogram. There was no evidence of treatment-
related alopecia or skin toxicity. No cumulative toxicity was
encountered. Table 5 shows the relationship between dose and
toxicity.

Activity. In a female patient with metastatic breast cancer
treated twice with 50 and twice with 60 mg/m2 of THP-

adriamycin, a disease stabilization was achieved lasting for 9
weeks from the beginning of treatment. This patient had re
ceived no previous chemotherapy with anthracyclines. One
patient treated with 60 mg/m2 (small cell lung cancer), and two
patients treated with 70 mg/m2 (hemangiosarcoma, testicular

cancer) showed no change after 3 weeks. They receiveda second
course with the same dose, but had progressive disease there
after. In two patients with acute myeloid leukemia who had
previously received daunomycin, a complete eradication of cir
culating blasts was achieved on day 7 after therapy (30 and 40
mg/m2, respectively), but bone marrow cytology did not fulfill
the requirements of an objective remission, and disease pro
gression occurred on day 14. In the other six patients, the study
was discontinued after one course because of rapidly progress
ing tumors.

DISCUSSION

In the present study, the dose of administered drug was
related to pharmacokinetic values and to toxic effects. The need
for pharmacological investigations in conjunction with early
clinical trials is demonstrated in order to elucidate the thera
peutic potential of a new drug.

In all patients treated with THP-adriamycin, high concentra
tions of Adriamycin were found. This was not due to decom
position during sampling, storage, extraction, or HPLC. THP-
adriamycin was stable under the conditions developed for the
analysis. Further experiments in vitro revealed, however, that
mainly pH and temperature have an influence on the stability
of the drug and the formation of Adriamycin with time. In the
beginning of the study, two patients with acute myeloid leuke
mia were entered with the objective to measure THP-adriamy
cin in circulating WBC. When it was noted that measurements
in leukocytes after their separation (16) were not correct, only
patients with solid tumors were treated, and concentrations in
packed, unseparated blood cells are reported.

Pharmacokinetic curves for the highest dose level are shown
in Fig. 3. A linear correlation existed between the dose and the
AUC of THP-adriamycin in plasma (Table I) and in cells (Table
2). Higher concentrations, but not longer half-livescontributed
to increasing AUC with escalated doses. The short initial half-
life of THP-adriamycin in plasma, which was also reported by
Majima (15), is probably due to rapid; cellular uptake. Peak
concentrations in blood cells were measured 5 min after injec
tion of the drug, and the concentrations thereafter were higher
than in plasma (Fig. 3). This resulted in larger AUC in cells

Table 5 Relationship between dose and toxicity of THP-adriamycin

Dose
(mg/m2)3040

50
60
70WHO

grading01/2Â«1/2

1/2
0
011/2

1/2
0
3/6
1/620

01/2

3/6
1/630

0
0
03/6400

0
01/6

' Number of patients with toxicity/total number.

than in plasma (Table 2). Other investigators have reported a
rapid cellular uptake of THP-adriamycin under in vitro condi
tions (2, 3). The present in vivoobservations also concur with
a report by Majima who found higher concentrations of THP-
adriamycin in whole blood than in plasma (15). During the
elimination phase, the concentration curve in blood cells par
alleled the curve in plasma (Fig. 3). The terminal half-life was
13 h in plasma (Table 1) and 12 h in cells (Table 2). The total
clearance rate was not reduced at higher doses which indicates
that the excretion and metabolism were not saturated. The large
volume of distribution, which was not dose dependent, is inter
preted as a pronounced uptake not only by blood cells but also
by tissues. THP-adriamycin was minimally excreted into the
urine (Table 1).

THP-adriamycin was rapidly and extensively metabolized
(Table 3). Adriamycin had the largest AUC with a linear
correlation to dose. The profile of the plasma curve (Fig. 3) was
interpreted as a rapid initial formation and distribution of
Adriamycin followed by a slower metabolic process. The elim
ination half-lives of Adriamycin and adriamycinol given in
Table 3 are estimates, since they are large compared to the
observation period of 72 h (patients did generally not agree to
sampling for more than 3 days after chemotherapy). The ter
minal half-life of Adriamycin in blood cells was longer than 72
h, and could therefore not be assessed. The uptake of Adria
mycin into cells was slower, and the differences between plasma
and cellular concentrations were not as pronounced as for THP-
adriamycin. Tapiero et al. have reported similar differences in
the uptake of Adriamycin and THP-adriamycin in Friend leu
kemia cells (3).

Thus, the major pharmacokinetic findings are the shorter
half-lives of THP-adriamycin as compared to the known (18)
half-lives of Adriamycin, which is the major metabolite persist
ing with a longer terminal half-life. If THP-adriamycin itself is
active, but causes less cardiotoxicity as preclinical studies sug
gested (1, 7, 8), the advantage might be that excessive peak
concentrations of Adriamycin are avoided, thereby reducing the
overall cardiotoxicity. This could be an alternative to continu
ous infusions (19, 20) or weekly administrations (21) of Adri
amycin that are also used to lessen cardiotoxicity.

Dose-limiting toxicities in our study were leukopenia and
thrombocytopenia. Anemia, nausea, and vomiting were gener
ally mild to moderate (Table 4). These results concur with
reports of other authors (9-11). The toxicity was related to the
administered dose (Table 5). No objective remissions were
observed in the extensivelypretreated patients. In a patient with
breast cancer, a transient disease stabilization was achieved.
MathÃ©et al. have reported that THP-adriamycin is as active as
Adriamycin in breast cancer (22). In two patients with acute
myeloid leukemia, activity of THP-adriamycin against circulat
ing blasts was noted. Georgoulias et al. described in vitro
sensitivity of myeloblast clonogenic cells to THP-adriamycin,
but did not find a correlation to clinical responses (23). They
suspected pharmacological reasons for this discrepancy. Indeed,
THP-adriamycin might not be active in patients who are pre
treated with Adriamycin because this is its major metabolite in
vivo.

Japanese investigators administered 40-55 mg/m2 of THP-
adriamycin in phase II studies (12-14). All patients who partic
ipated in the present trial, and particularly the patients at the
highest dose level, had received extensive prior chemotherapy.
So this study led us to suggest 60 mg/m2 in pretreated or poor
risk and 70 mg/m2 in untreated or good risk patients every 3
weeks for further clinical trials. For the apparent discrepancy

1464

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/47/5/1461/2430310/cr0470051461.pdf by guest on 19 M

ay 2023



CLINICAL PHARMACOLOGY AND TOXICITY OF THP-ADRIAMYCIN

in the suggested doses in the Japanese and German patient
population, no explanation could be found based on the pre
sented data (ethnical differences are merely speculative).
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