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Pharmacokinetic Study of IV Infusions of Adriamycin
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Summary. The plasma pharmacokinetics of adriamy-
cin has been studied in 21 cancer patients
(31-85 years old) without liver tumours after short
(3.00 min) and prolonged (45min-16h) i.v. infu-
sions.

The area under the plasma concentration-time
curve and the maximum plasma concentration
compensated for dose variation showed a more than
3-fold individual variation. The pharmacokinetics of
adriamycin was linear. There was no pharmacokinet-
ic rational for variation of the dose with the age of
the patients.

There was good agreement between the mea-
sured plasma concentration-time curves for pro-
longed infusions and curves predicted from phar-
macokinetic data from short term infusions.
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Adriamycin, an anthraquinone glycoside, has
proved to be one of the most potent antineoplastic
drugs [1, 2]. In addition to the toxic effects common
to most antineoplastic drugs (bone marrow depres-
sion, alopecia, stomatitis, nausea and vomiting), the
effective use of anthraquinone glycosides has been
limited by the risk of congestive heart failure which
is related to the cumulative dose [3, 4, 5]. Patients
who would otherwise benefit from adriamycin thera-
py may not be able to receive it because of the risk or
the actual development of lifethreatening disease.
Pharmacokinetic studies of adriamycin have
mainly been focused on patients with liver cancer [6,
7,8,9, 10,11, 12, 13]. Studies in cancer patients with-

* Present adress: Farmitalia Carlo Erba AB, P.O. Box 3511,
S-183 03 Taby (Sweden)

out liver tumours have indicated large inter-individu-
al variation in its pharmacokinetics [8, 11, 12, 14, 15].
Some work has suggested that the pharmacokinetics
of adriamycin is time- and dose-dependent [14, 16,
17, 18]. However, since the administration time has
not been standardized (2-10 min infusion or “rapid

Table 1. Details of the patients

Patient Sex Age Diagnosis Infusion time
No. [years]
1 Male 65 Bladder cancer 3 min
2 Female 65 Lymphoma 3 min, 16 h
3 Female 74 Bladder cancer 3 min,4h,8h
4 Male 43 Lymphoma 3min,2h,4h
5 Male 67 Bladder cancer 3 min,8h,16h
6 Male 31 Gastro-intestinal 3 min
cancer
7 Male 79 Bladder cancer 3 min, 45 min, 4 h,
8h
8 Male 65 Oesophagus 3 min
cancer
9 Male 74 Bladder cancer, 3 min,2h
lung metastases
10 Male 64 Lymphoma 3 min, 45 min, 2 h
1" Male 60 Bladder cancer 3 min,2h
12 Male 350 Prostate cancer 3 min, 45 min
13 Male 50 Neoplasma 3 min
pulm.
14 Male 50 Hodgkin’s 3min, 4 h
disease
15 Male 62 Lymphoma 3min, 4h
16 Male 73 Lymphoma 3 min, 45 min
17 Female 64 Soft tissue 3 min
sarcoma
18 Male 60 Carcinoma of 3 min
parotic glands
19 Female 85 Soft tissue 3 min
sarcoma
20 Male 55 Bladder cancer 3 min
21 Male 63 Chronic 3 min
lymphatic
leukemia
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Table 2. Plasma pharmacokinetics of adriamycin after a 3.00 min i.v. infusion

Patient Dose <, G, C; o ¥ AUC AUC/mg/m?*CL Croaxd/ g/ 0%
No. [mg] [mg/m¥ [ug-mi~'] fug-mi~  fug-ml~Y  fmin~Y [min~" [win~' [pg-min-mi~Y [1 x min~1]
x 10 x 100 x 10 % 100 x 10000 x 10
1 60 31.8 4.07 0.24 2.38 1.46 0.71 11.5 521 1.64 1.15 1.05
2 50  36.0 6.01 0.61 2.58 192 101 871 669 1.86 0.75 1.29
3 50 307 4,54 15.5 418 1.74 8.28 8.56 93.6 3.06 0.53 1.61
4 90 493 4.68 1.86 3.01 1.21 247 9.63 773 1.57 1.16 0.84
5 45 300 5.00 0.59 3.23 1.55 147 935 708 237 0.64 1.36
6 100 563 4.67 0.34 142 1.65 1.28 543 57.0 1.01 1.76 0.66
7 60 338 317 2.33 237 1.68 494 16.3 380 1143 1.58 0.81
8 60 324 318 043 1.76 1.26 091 5.62 61.3 1.89 0.98 0.84
9 50 252 332 0.57 2.14 1.50 1.92 8.03 51.8 2.06 0.97 1.09
10 50 257 2.49 0.41 1.58 1.48 2142 4.07 57.5 224 0.87 0.80
11 60 29.8 4.27 0.69 3.05 1.46 147 8.02 72.1 242 0.83 1.19
12 80 384 8.20 210 3.59 1.94 3.61 11.2 80.2 2.09 1.00 1.68
13 115  60.0 6.62 0.63 3.89 142 191 775 100 1.67 1.15 0.92
14 45 244 8.96 0.20 0.92 1.67 1.65 8.65 65.6 2.69 0.69 2.90
15 70 385 6.66 0.45 293 198 056 756  80.2 2.09 0.87 1.32
16 90 50.5 5.60 1.66 2.65 1.36 1.59 8.38 83.2 1.65 1.08 0.95
17 105 58.5 111 0.53 a 1.35 0.14 a 119 2.03 0.88 1.57
18 110 589 36.5 0.92 2.52 2.50 1.63 9.39 179 3.03 0.62 4.38
19 100 576 6.66 2.52 3.10 1.84 2.85 12.0 70.8 1.23 141 094
20 50 274 372 1.10 1.99 1.45 261 6.99 58.4 213 0.86 1.14
21 40 218 3.65 0.32 0.59 240  3.39 9.88 220 1.01 1.82 1.21
¢ 2.compartment model  ? pg/ml

bolus™), detailed evaluation of the pharmacokinetic
variability is difficult.

Alteration of the adriamycin dose schedule has
proved to be one of the most successful attempts to
increase the therapeutic index of adriamycin. A
weekly “low dose” regime (10-20 mg/m?) of adri-
amycin is associated with a low frequency of side-ef-
fects, including less cardiac toxicity, but with reten-
tion of its anti-neoplastic activity [19, 20]. Prolonged
(10-96 h) continous intravenous infusions of adri-
amycin seem to be even more advantageous than
fractionated doses with the possibility of increasing
the total dose and causing no more or even fewer
side-effects [21, 22, 23, 24, 25].

In the present investigation the variation in the
plasma pharmacokinetics of adriamycin within the
dose level 20-60 mg/m? has been studied in cancer
patients not having a liver neoplasm. The relation-
ship between the maximum plasma concentration
and the area under the plasma concentration-time
curve for various infusion times has also been inves-
tigated.

Materials and Methods

Patients

Twenty one patients (4 females and 17 males), none
with a malignant liver tumour, were included in the
study. The mean age at first treatment was 62 years

(range 31-85years). Pertinent clinical data are in-
cluded in Table 1.

Treatment Schedule

All patients were initially treated with a 3.00 min in-
travenous infusion of adriamycin (20-60 mg/m?).
Patients selected for further study were then random-
ized to receive a prolonged infusion of adriamycin
(infusion times: 45 min, 2h, 4h, 8 h, and 16 h). The
dose administered did not change with the infusion
time. The treatment of some patients was repeatedly
randomized amongst the prolonged infusions
(Table 1) with intervals of 21 days.

The medium time between the short time infu-
sion and the first prolonged infusion was 21days
(range 20-44 days).

Plasma Samples

Blood samples (5-7 ml) were collected in glass test
tubes (Vacutainer) containing 250IU heparin
(freeze-dried). The blood samples were immediately
centrifuged for 10 min to separate plasma. The plas-
ma was removed and stored at — 80 °C until analysis
[26]. Blood samples were collected during the long
term infusions and 5, 15, 30,45minand 1, 2, 3, 6, 12,
18, 24 h after the end of adriamycin administration.
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Fig.2. Area under adriamycin plasma concentration-time curves
and dose. AUC values normalized for dose variation

17

16 °

14+

121 o o

104 o °

Yxqu
P
]
()
[c]
]

20 25 30 35 40 U5 50 55 60 65
DOSE, mg/m2

Fig.3. Terminal elimination rate constant (y) and adriamycin
dose

Determination of Adriamycin and Adriamycinol

Plasma levels of adriamycin were assayed by an ana-
lytical method based on extraction and reversed-
phase liquid chromatography [27]. One ml of plasma
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Fig.4. Area under adriamycin plasma concentration-time curve
and age. AUC values normalized for dose variation

was used for the analysis. All plasma concentration
data used for the pharmacokinetic evaluation are the
means of duplicate analyses.

Pharmacokinetic Evaluation

All pharmacokinetic constants were determined
from post-infusion data by the “feathering” tech-
nigue.

The area under the plasma concentration-time
curve (AUC) for a 3.00 min infusion was calculated
according to Eq. (1); [28].

auc=5,C, G 1)
a B v

For prolonged infusions, the AUCs were calculated

by the trapezoidal rule and the residual area to infi-

nite time. The total plasma clearance CL was calcu-

lated as

CL=D/AUC @)

where D is the administered dose of adriamycin.

Results and Discussion

It is generally accepted that the plasma pharmaco-
kinetics of adriamycin following intravenous admin-
istration can be described by an open three compart-
ment model [6, 8, 13, 15, 29], although early studies of
the pharmacokinetics of adriamycin had suggested a
biphasic distribution pattern [30]. Boston and Philips
[16] recently found a change in pharmacokinetic
model with the magnitude of the dose administered.
However, their first data point was obtained 30 min
after the end of administration, resulting in low pre-
cision of the initial half-life. Moreover, the analytical
technique used (RIA) did not discriminate between
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ed plasma concentrations deviated by less than 10%
from the measured concentrations. Calculations us-
ing the constants given in Table 2 gave plasma half-
lives of (mean +SD) 4.3 +0.8 min, 44.5+28.6 min,
and 14.3 +4.7 h, respectively.

The plasma concentration data from Patient 17
were best fitted by a two-compartment model. The
reason for this is unclear, but it might have been due
to error in the sampling timing or aberrant drug dis-
position.

Large inter-individual variation in AUC and
Cuax, normalized for dose variation, was noticed
(Fig.1). The results presented in Fig.1 underline the
need for individualization of the adriamycin dose,
not only in patients with liver tumours as previously
stated [13].

Dose-dependent pharmacokinetics of adriamy-
cin, resulting in a change in AUC/mg/m? and/or the
terminal half-life time with dose has been reported
[16, 18]. The resuits presented in Figs.2 and 3 show
that neither the AUC/mg/m? nor the values of y var-
ied with the dose (p> 0.6 and p> 0.3, respectively).

The age-dependent pharmacokinetics of adri-
amycin was studied by Robert et al. [15, 31, 32], with
conflicting results. A reduction in the dose of adri-
amycin in elderly patients has been recommended
due to their low clearance as compared to younger
patients [31, 32]. The AUCs in patients with breast
cancer treated with adriamycin 50 mg/m? did not
vary with the age of the patients [15]. The results in
Fig. 4, which show no tendency for the AUC/mg/m?
to vary with the age of the patients (p>0.8), do not
support a need for a reduction in the dose of adri-
amycin in elderly patients from the pharmacokinetic
point of view.

The possibilities of predicting plasma concentra-
tion-time curves for various infusion times by means
of Eqgs. (3) and (4), and using pharmacokinetic data
from a “bolus” injection, are illustrated in Fig.Sa—e.
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Visual inspection shows very close agreement be-
tween the calculated and measured plasma concen-
trations. No systematic deviation between them was
found, thus establishing that the pharmacokinetics
of adriamycin is linear and time independent over
the period studied (<60 days), results which are in
conflict with previous reports [14, 17, 22, 33, 34, 35).

Maximum Plasma Concentration and Infusion Time

From Egs. (3) and (4) the follows that the maximum
plasma concentration is obtained at the end of the in-
fusion, i.e. when t=T. Egs. (3) and (4) can then be
transformed to:

1—e 7T

_e—al —a—fT
1= o= L, )

Cmax =C
U aT BT ¥T

The influence of the infusion time on the maximum
plasma concentration is illustrated in Fig.6. Calcula-
tion of the quotient Cpay/Chol, Where Cyg is the cal-
culated maximum plasma concentration after a bo-
lus injection (i.e. T=0) is based on pharmacokinetic
constants from Table 2, and is valid under the as-
sumption of linear pharmacokinetics. Cp/Cpo de-
creases drastically with increasing infusion time
when T <2 h. The infusion time had only a minor in-
fluence on the quotient when T>5h.

Comparison of observed and calculated quo-
tients Cpax/Cho for the various infusion times is pre-
sented in Table 3, verifing the validity of the curve in
Fig.6.

No systematic study of the influence of infusion
time on the pharmacokinetics of adriamycin has pre-
viously been reported. An increase in the infusion
time from 5min to 24h, 48 h and 96 h, led to a de-
creased in Cpa from 1.31pg/ml to 0.237 ug/mi,
0.133 ug/ml and 0.097 ug/ml, respectively [26]. The
calculated quotient C.,/Cpo was 0.48, 0.30 and 0.26
for infusion times of 24 h, 48 h and 96 h, respectively
[36]. Baurain et al. [37] reported a 15-fold reduction
in Cpy,y after intravenous administration of adriamy-
cin to rabbits as a 69 min infusion instead of a bolus
injection. It should be noted that the plasma concen-
tration data used in [24] and [36] for the 5 min infu-
sion and bolus injections, respectively, are “extrapo-
lated” values, which might partly account for
difference between those results and the values re-
ported here, where the comparison of C,, and Cpy
relied on data obtained from the same patient. More-
over, the adriamycin concentration in [24] and [36]
was determined from total fluorescence data, a tech-
nique in which adriamycinol is codetermined, thus
significantly increasing the estimated adriamycin
concentrations during prolonged infusions.
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Table 3. Infusion time and relative maximum plasma concentra-
tion

Infusion time Conax? Cooy - 107
Found n Calculated® n
45 min 17.4+4.6° 4 15.0£3.1 21
2h 84+14 4 6.2:+13 2
4h 39122 5 3.3+07 21
8h 29+15 3 19:£04 21
16h 1.3 2 11403 21
& Calculated from data in Table 2 using Eq. (5)
b Mean £ 8D

Table 4. Infusion time and relative area under adriamycin plasma
concentration time curves

Infusion time AUC,/ AUCgy n
45 min 1.04+0.18* 4
2h 0.95+0.15 4
4h 0.85+0.26 5
8h 0.83 20
16h 115 2
& Mean £ 5D

b Postinfusion data for pat. 7 are missing

Table 5. Infusion time and normalized maximum adriamycin
plasma concentration

Infusion time Ca/mg/m? n
3.00 min 0.135 +0.086° 21

45 min 0.0216+0.0033 4
2h 0.010 £0.002 4
4h 0.0063 +0.004 5
8h 0.0041 +0.0006 3

16 h 0.0022 2

2 ug/mi

b Mean +8D

The following relation between total plasma
clearance, CL, and the steady state plasma concen-
tration, C58 is valid [28]:

D/T
- ©)

CL
A comparision of CS, calculated from data in
Table 2 using Eq. (6), and Cyy, calculated by means
of Eg. (5), showed that for most patients infusion
times of the order of 72-84 h would be required to
achieve a steady state plasma concentration.

Area under Plasma Concentration-Time Curve
and Infusion Time

A comparison of the areas under plasma concentra-
tion-time curves after bolus injection and long time

S. Eksborg et al.: Kinetics of IV Adriamycin

infusions is presented in Table4. The quotient
AUC,/ AUCpg,; was close to unity and was indepen-
dent upon the infusion time, which further supports
the assumption of linear pharmacokinetics for adsi-
amycin,

Plasma Pharmacokinetics — Influence on Therapeutic
Activity and Side-Effects

The cytostatic effect of adriamycin in vitro and in vi-
vo has been correlated with the area under the plas-
ma concentration-time curve, AUC [38, 39]. The side-
effects can either be correlated with AUC and/or the
maximum plasma concentration, Cpay. Five-fold
variation in the AUC and in the maximum plasma
concentration after normalization for dose variation,
AUC/mg/m? and Cp,/mg/m?% respectively, was
observed after administration of adriamycin as a
3.00 min intravenous infusion to patients with liver
cancer but with a normal or only slightly elevated se-
rum bilirubin level [13]. The results in Table2 and
Fig.1 further support the need for better base for
standardization of doses of adriamycin.

Adriamycin side effects reported to be decreased
by a fall in C,, include cardiac toxicity, nausea and
vomiting [21, 23, 24, 25, 40, 41]. The haematological
toxicity of adriamycin has been correlated with the
AUC (25 and Schulmeister L, personal communica-
tion), but some authors claim that reduction in Cpax
results in a decrease in this side-effect (22 and Son-
nenfeld P., personal communication). It is unclear at
present whether alopecia is associated with a high
value of the AUC or Ca [25, 40, 41]. Under the as-
sumption of linear pharmacokinetics the values of
AUC and C,,, are proportional to the amount of
drug administered as a bolus injection in the individ-
ual patient. It is possible to reduce Cy,x by dose frac-
tionation and prolonging infusions without a con-
comitant decrease in AUC. Hence, a change in the
normal intravenous bolus injection schedule offers a
way to increase the therapeutic index of adriamycin.
The present results show that Cpa, was reduced
25-fold compared to a bolus injection by use of an
infusion time of 4 h without affecting AUC. Normal-
ized maximum plasma concentrations (Cpax/mg/
m?) for the various infusion times are presented in
Table 5. It has been reported [42] that side effects
correlated with the peak plasma concentration were
clinically tolerable when the plasma concentration
was less than 60 ng/ml, i.e. at a dose of 30 mg/m” the
infusion time should be at least 16 h, as calculated
from Table 5.

A pharmacokinetic study of a weekly low dose
regimen (10-20 mg/m?) of adriamycin revealed a
3-5 fold reduction in Cpax compared to the generally
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recommended schedule (50-75mg/m? every 3
weeks); Mattson W et al., personal communication.
Prolonged infusions of adriamycin seem from this
point of view, therefore, to be even more benefical
than a weekly low dose regime. Clinically, un-
changed or even somewhat increased therapeutic ef-
ficacy has been reported following prolonged
(10-96 h) intravenous infusion of adriamycin as
compared to bolus injections [21, 22, 23, 24, 25]. The
antitumour efficacy of adriamycin infusions lasting
<10 h has not yet been evaluated.

Infusion therapy with chemotherapeutic agents
offers, at least theoretically, the possibility of increas-
ing the tumouricidal effect, based on the fact that in
most tumours, particularly solid neoplasms, only a
small proportion of cells is in the growth cycle phase
and so are likely to be responsive to the drug. In tu-
mours with a long doubling time and a large propor-
tion of cells in the G, phase, the timing of the drug-
tumour interaction may not be optimal with an
intermittent schedule [41].

Acknowledgements. Financial support from the
Swedish Cancer Society (Project No.1899-1384-01x)
is gratefully acknowledged. Thanks are due to Prof.
H. Ehrsson for his most valuable discussion of the
manuscript.

References

1. Blum RH, Carter SK (1974) Adriamycin. A new anticancer
drug with significant clinical activity. Ann Int Med 80:
249--259

2. Carter SK (1975) Adriamycin ~ A review. J Natl Cancer Inst
55:1265-1274

3. Lenaz L, Page JA (1976) Cardiotoxicity of adriamycin and re-
lated anthracyclines. Cancer Treat Rev 3: 111-120

4. Minow RA, Benjamin RS, Lee ET, Gottlieb JA (1977) Adri-
amycin cardiomyopathy-risk factors. Cancer 39: 1397-1402

5. Von Hoff DD, Layard MW, Basa P, Davis HL Jr, von Hoff Al,
Rozencweig M, Muggia FM (1979) Risk factors for doxorubi-
cin-induced congestive heart failure. Ann Int Med 91: 710-717

6. Benjamin RS (1975a) Clinical pharmacology of adriamycin
(NSC-123127). Cancer Chemother Rep Part 3 6: 183-185

7. Benjamin RS (1975b) A practical approach to adriamycin

(NSC-123127) toxicology. Cancer Chemother Rep Part 3 6:
191-194
. Benjamin RS, Riggs CE Jr, Bachur NR (1977) Plasma phar-
macokinetics of adriamycin and its metabolites in humans
with normal hepatic and renal function. Cancer Res 37:
1416-1420
9. Benjamin RS, Wiernik PH, Bachur NR (1974) Adriamycin
chemotherapy. Efficacy, safety, and pharmacologic basis of an
intermittent single high-dosage schedule. Cancer 33: 19-27
10. Chan KK, Chlebowski RT, Tong M, Chen H-SG, Gross JF,
Bateman JR (1980) Clinical pharmacokinetics of adriamycin
in hepatoma patients with cirrhosis. Cancer Res 40: 12631268
11. Chlebowski RT, Chan KK, Tong MJ, Weiner IM, Ryden VM]J,
Bateman JR (1981) Adriamycin and methyl-CCNU combina-

o

211

tion therapy in hepatocellular carcinoma: Clinical and phar-
macokinetic aspects. Cancer 48: 1088-1095

12. Ehninger G, Stocker H-J, Proksch B, Wilms K (1980) Die
Pharmakokinetik von Adriamycin und Adriamycin-Metabo-
liten. Klin Wochenschr 58: 927-934

13. Eksborg S, Cedermark BJ, Strandler H-S (1985) Intrahepatic
and intravenous administration of adriamycin — A compara-
tive pharmacokinetic study in patients with malignant liver tu-
mours. Med Onc Tumor Pharm 2: 47-54

14. Gil P, Favre R, Durand A, Iliadis A, Cano JP, Carcassone Y
(1983) Time dependency of adriamycin and adriamycinol ki-
netics. Cancer Chemother Pharmacol 10: 120-124

15. Robert J, Illiadis A, Hoerni B, Cano J-P, Durand M, Lagarde
C (1982) Pharmacokinetics of adriamycin in patients with
breast cancer: correlation between pharmacokinetic parame-
ters and clinical short-term response. Eur J Cancer Clin Oncol
18: 739745

16. Boston RC, Phillips DR (1983) Evidence of possible dose-de-
pendent doxorubicin plasma kinetics in man. Cancer Treat
Rep 67: 63-69

17. Gil P, Favre R, Durand A, Iliadis A, Cano JP, Carcassone Y
(1982) Time dependency of adriamycin. Pharmacocinétique
de ’Adryamicine. Bull Cancer 69: 58

18. Powis G, Ames MM, Kovach IS (1981) Dose-dependent phar-
macokinetics and cancer chemotherapy. Cancer Chemother
Pharmacol 6: 1-9

19. Mattsson W, Borgstrom S, Landberg T (1982) A weekly sche-
dule of low-dose doxorubicin in treatment of advanced breast
cancer. Clin Therapeutics 5: 193-203

20. Weiss AJ, Metter GE, Fletcher WS, Wilson WL, Grage TB,
Ramirez G (1976) Studies on adriamycin using a weekly regi-
men demonstrating its clinical effectiveness and lack of cardi-
ac toxicity. Cancer Treat Rep 60: 813-822

21. Benjamin RS, Chawla SP, Ewer MS, Wallace S, Mackay B,
Carrasco CH, Legha SS, Mann G, Hortobagyi GN, Valdivieso
M, Ali MK, Haynie TP (1983) Cardiac toxicity of high-cumu-
lative-dose adriamycin by rapid or 24-96 hour continuous in-
fusion. Proc Am Soc Clin Oncol 2: C-159

22. Gercovich FG, Praga C, Beretta G, Morgenfeld M, Muchnik J,
Pesce R, Ho DHW, Benjamin RS (1979) Ten-hour continous
infusion of adriamycin. Proc Am Soc Clin Oncol 20: 372

23. Hortobagyi G, Frye D, Blumenschein G, Ewer M, Mackay B,
Buzdar A, Yap H, Hug V, Fraschini G, Benjamin R (1983)
FAC with adriamycin by continuous infusion for treatment of
advanced breast cancer. Proc Am Soc Clin Oncol 2: C-408

24. Legha SS, Benjamin RS, Mackay B, Ewer M, Wallace 8, Valdi-
vieso M, Rasmussen SL, Blumenschein GR, Freireich EJ
(1982) Reduction of doxorubicin cardictoxicity by prolonged
continuous intravenous infusion. Ann Int Med 96: 133-139

25. Legha SS, Benjamin RS, Mackay B, Yap HY, Wallace S, Ewer
M, Blumenschein GR, Freireich EJ (1982) Adriamycin thera-
py by continous intravenous infusion in patients with metas-
tatic breast cancer. Cancer 49: 1762-1766

26. Eksborg S, Ehrsson H, Wallin 1, Lindfors A (1981) Quantita-
tive determination of adriamycin and daunorubicin - han-
dling of blood and plasma samples. Acta Pharm Suec 18:
215-220

27. Eksborg S, Ehrsson H, Andersson I (1979) Reversed-phase lig-
uid chromatographic determination of plasma levels of adri-
amycin and adriamycinol. J Chromatogr 164: 479-486

28, Wagner JG (1976) Linear pharmacokinetic equations allowing
direct calculation of many needed pharmacokinetic parame-
ters from the coefficients and exponents of pelyexponential
equations which have been fitted to the data. J Pharm Bio-
pharm 4: 443--467

29. Harris PA, Gross JF (1975) Preliminary pharmacokinetic mod-



212

30.

31.

32.

33.

34.

el for adriamycin (NSC-123127). Cancer Chemother Rep
Part1 59: 819-825

Benjamin RS, Riggs CE Jr, Bachur NR (1973) Pharmacokinet-
ics and metabolism of adriamycin in man. Clin Pharmacol
Ther 14: 592-600

Robert J, Hoerni B (1983) Age dependence of the early-phase
pharmacokinetics of doxorubicin. Cancer Res 43: 4467-4469
Robert J, Vrignaud P, Thiadis A, Eghbali H, Hoerni B (1983)
Pharmacokinetic study of doxorubicin in the treatment of ma-
lignant non-Hodgkin’s lymphomas. Nouv Rev Fr Hematol 25:
91-95

Gessner T, Robert J, Bolanowska W, Hoerni B, Durand M,
Preisler H, Rustum J (1981) Effects of prior therapy on plasma
levels of adriamycin during subsequent therapy. J Med 12:
183-193

Oosterbaan MJM, Dirks RJM, Vree TB, van der Kleijn E
(1983) Clinical pharmacokinetics of adriamycin. Pharm
Weekbl 5: 39

35. Tipping S, Riggs CE Jr, Egorin MJ, Whitacre M, Van Echo

36.

37.

DA, Aisner J, Bachur NR (1982) Accelerated disappearance of
doxorubicin {dox) and doxorubicinol (doxol) from plasma fol-
lowing prior chemotherapy. Proc Am Assoc Cancer Res 23:
132

Legha SS, Benjamin RS, Yap HY, Freireich EJ (1979) Aug-
mentation of adriamycin’s therapeutic index by prolonged
continuous i.v. infusion for advanced breast cancer. Proc Am
Assoc Cancer Res 20: 261

Baurain R, Deprez-De Campeneere D, Zenebergh A, Trouet A
(1982) Plasma levels of doxorubicin after iv bolus injection

38.

39.

41,

42.

S. Eksborg et al.: Kinetics of IV Adriamycin

and infusion of the doxorubicin-DNA complex in rabbits and
man. Cancer Chemother Pharmacol 9: 93-96

DeGregorio MW, Carrera CJ, Klock JC, Pegelow CH, Wilbur
JR (1982) Cellular and plasma kinetics of daunorubicin given
by two methods of administration in a patient with acute ley-
kemia. Cancer Treat Rep 66: 2085-2088

Eichholtz-Wirth H (1980) Dependence of the cytostatic effect
of adriamycin on drug concentration and exposure time in vit-
ro. Br J Cancer 41: 886--891

. Lokich 1J, Perri J, Bothe A, Zipoli T, Philips D, Sonneborn H,

Paul S, Green R (1983) Cancer chemotherapy via ambulatory
infusion pump. Am J Clin Oncol 6: 355-363

Lokich J, Bothe A Jr, Fine N, Perri J (1982) The delivery of
cancer chemotherapy by constant venous infusion — Ambula-
tory management of venous access and portable pump. Can-
cer 50: 2731-2735

Bern MM, McDermott W Jr, Cady B, Oberfield RA, Trey C,
Clouse ME, Tullis JL, Parker LM (1978) Intraarterial hepatic
infusion and intravenous adriamycin for treatment of hepato-
cellular carcinoma - A clinical and pharmacology report.
Cancer 42: 399-405

Received: August 17, 1984
accepted: November 2, 1984

Staffan Eksborg, Ph.D.
Karolinska Pharmacy

P.O. Box 60024

S-104 01 Stockholm, Sweden



