Cancer Chemother Pharmacol (1986) 18: 78—82

ancer
hemotherapy and
harmacology

© Springer-Verlag 1986

Cellular and plasma pharmacokinetics of weekly 20-mg
4’-epi-adriamycin bolus injection in patients with advanced breast

carcinoma®*

P. A. J. Speth!, P. C. M. Linssen', L. V. A. M. Beex?, J. B. M. Boezeman' and C. Haanen'
Departments of 'Hematology and *Endocrinology, St Radboud University Hospital, P. O. Box 9101, 6500 HB Nijmegen,

The Netherlands

Summary. Weekly low-dose injections of 20 mg 4’-epi-
adriamycin (E-ADM) were given to 12 patients with ad-
vanced postmenopausal breast cancer for at least 8 weeks.
In advance, all patients were given hormonal therapy and
polychemotherapy not containing anthracyclines. E-ADM
concentrations in plasma and urine and in blood and bone
marrow cells were determined during 8 consecutive weeks.
Plasma concentrations in the range of a few nanograms
per milliliter were seen up to 72—-96 h. Cellular concentra-
tions appeared to be more than 100-fold the plasma con-
centrations, and were 190+ 66 ng/10° cells on day 8, be-
fore the next injection was given. Nevertheless, no serious
bone marrow toxicity was observed. In two patients with
an increased plasma bilirubin concentration, cellular E-
ADM concentrations were 20%-40% higher than those ob-
served in the other patients. Plasma concentrations of E-
ADM and 4’-epi-adriamycinol showed terminal half-lives
2-3 times longer and could be followed throughout the
week. In three patients biopsies of skin metastases were ex-
amined. In two patients E-ADM could be demonstrated in
the tumor tissue up to 7 days after the last injection.
Although the number of patients investigated is too small
to relate the drug kinetics to clinical response, it is of inter-
est that the two patients with the highest cellular E-ADM
concentrations responded better than the others.

Introduction

In breast carcinoma, adriamycin (ADM) is one of the most
effective cytostatic agents in single-drug therapy [5, 6]. Un-
fortunately, cardiotoxicity of this drug given by bolus in-
jection limits its use beyond a cumulative dose of 550 mg/
m? body surface [5, 17, 18]. Therefore, other schedules have
been developed, such as weekly low-dose (20 mg) ADM
bolus injections [10, 13, 17] or continuous infusions over
longer periods [4]. It has been claimed that these regimens
are less cardiotoxic, while the therapeutic efficacy is main-
tained [4, 8]. Recently a new analogue, 4’-epi-adriamycin
(E-ADM), has been introduced, which is reported to be
equally potent and probably less cardiotoxic [7]. Jones and
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Mattsson reported low toxicity and a very high response
rate of 51% in a phase II study with weekly low-dose
E-ADM in pretreated postmenopausal patients with ad-
vanced breast carcinoma [11). These results justified a mul-
ticenter controlled phase II study in which postmenopaus-
al patients with advanced breast cancer were treated with
20 mg E-ADM weekly. This paper describes the pharmac-
okinetics in plasma and blood cells in 12 patients treated
according to this protocol. Data on cellular E-ADM con-
centrations may elucidate part of the mechanism involved
in the reported efficacy of this treatment schedule.

Patients and methods

Patients. Patients with advanced breast cancer with mea-
surable parameters (UICC criteria) were eligible for this
study. All patients had previously received chemotherapy
not containing anthracyclines. The mean age of these pa-
tients was 60 years, ranging from 42 to 71 years of age. Ten
patients had normal bilirubin values, two patients had im-
paired liver function with increased bilirubin values of
23 umol/I (patient 11) and 112 umol/1 (patient 12) (normal
value <10 pmol/1). The kidney function was normal in all
patients. All patients gave informed consent. The overall
clinical results of this multicenter study will be reported
separately.

Chemicals. E-ADM for clinical use and the pure analytic
standards of E-ADM and 4’-epi-adriamycinol (E-ADMol)
were kindly supplied by Farmitalia Carlo Erba (Milan,
Italy). Other chemicals for extraction and chromatogra-
phic analysis were obtained from Merck (Darmstadt,
FRG) and were of analytical grade.

Study design. E-ADM was administered weekly in a run-
ning infusion i. v. over 1-2 min for at least 8 weeks. The
dose was 20 mg, irrespective of the body surface. Blood
was collected before the next injection; during the 1st, 4th
and 8th weeks also at 5 and 30 min and at 1, 2, 4, 24, 48, 96
and 168 h after the injection. In several patients bone mar-
row aspiration was performed before E-ADM administra-
tion on days 1, 22, and 50. Growth inhibition of bone mar-
row hematopoietic clonogenic cells was examined with the
colony forming unit assay of granulocytes and macro-
phages (CFU-GM). The 24-h urines were collected for de-
termination of E-ADM and its metabolites on days 7, 28,
and 56. A 5-ml sample of this urine was stored at —20 °C
until analysis.



Venous blood was taken into heparinized polypropy-
lene tubes and put on ice. Plasma was removed after
10 min centrifugation at 0 °C and 900 g. Erythrocytes in
the pellet were lysed with ice-cold ammonium chloride
{14]. After centrifugation at 0 °C the leukocytes were resus-
pended in ice-cold phosphate-buffered saline. The rec-
overy of the leukocytes after the lysis step was 85%—90%.
Plasma samples and cell suspensions were stored at
—20 °C until analysis by high-pressure liquid chromatog-
raphy. Bone marrow samples were collected in buffered
acid citrate dextrose (ACD, formula A, pH 7.4). After
washing in phosphate-buffered saline one part was used to

culture CFU-GM. Red cells and normoblasts in the other
part were lysed with ammonium chloride. The remaining
white cells were resuspended and stored at —20 °C until
analysis for E-ADM concentration.

Extraction procedure and high-pressure liquid chromatogra-
phic analysis. The method used has been described previ-
ously [14]. In shost: After addition of adriamycinol as in-
ternal standard, 500 pl plasma or 250 ul sonicated cell su-
spension was extracted twice with chloroform/methanol
9:1 (v/v). After evaporation of the organic phase, the dry
residue was dissolved-in 750 ul chloroform/methanol/Tris
buffer and 500-ul aliquots were injected onto a Lichrosorb
7 SI60 column (100 x 4.6 mm ID). With this extraction and
chromotographic procedure no glucuronide metabolites
can be detected. Although these metabolites are unique for
E-ADM [1, 7, 16}, they do not have cytotoxic activity (F
Ganzina, Farmitalia Carlo Erba, personal communication,
1984). We therefore considered them of no importance for
this study, and used the same method, as in our previous
studies [14]. Measurement of peak height ratio of drug and
internal standard was used for quantification of the drug
concentration. Plasma and cell concentrations are ex-
pressed in nanograms per milliliter, where 10° cells are as-
sumed to represent a volume of 1 ml. The recovery of the
extraction was 80%-~90%. The detection limit was 1 ng.
The day-to-day variation for extraction from cells and
plasma for the whole procedure was 9.0% and 8%, respec-
tively (n=18).

Pharmacokinetic analysis. The E-ADM cellular and plasma
concentration-versus-time data were fitted according to a
two-compartment open model, and the pharmacokinetic
data were calculated according to the conventional proce-
dures [15].

Results
Pharmacokinetics

Cellular and plasma concentration data of E-ADM in ten
patients with normal plasma bilirubin values are given in
Fig. 1.

Plasma pharmacokinetics. The peak plasma concentrations
at 5 min after the first bolus injection were 592+ 112 ng/
ml (n=10). The plasma disappearance curve was biphasic
with half-life values of 9.6+ 1.8 min and 18.2+5.1 h, re-
spectively. The main cytostatically active metabolite (E-
ADMol) was observed during the first 3 days after injec-
tion. No significant accumulation of E-ADM was seen
during 8 consecutive weeks. Plasma pharmacokinetic
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Fig. 1. Cellular and plasma concentration data of 4’-epi-adriamy-
cin and 4’-epi-adriamycinol after 20-mg bolus injection during the
Ist week in patients with normal bilirubin concentration. Means
+ standard deviation are given (n=10 patients). O, cellular
4-epi-adriamycin; ®, plasma 4’-epi-adriamycin; [, plasma
4’-epi-adriamycinol; arrow, injection.

parameters (half-lives, AUC, clearance and distribution
volume) for weeks 1, 4, and 8§ are summarized in Table 1.
No significant differences were noted in the subsequent
weeks.

Cellular pharmacokinetics. Peak cellular (white blood cells)
concentration at 5 min after the first bolus injection
amounted to 4680+1800ng/10° cells (n=10). Cellular
pharmacokinetics revealed a biphasic disappearance
curve, with half-life values of 17.8+83min and
49.7+10.8 h, respectively. The ratio of cellular to plasma
concentration increased from 7.9 at 5 min after injection to
674 at 48 h and 3800 at 72 h. On day 7 the celtular concen-
tration was still 190+66 ng/10° cells (n=104). Cellular
pharmacokinetic parameters are summarized in Table 1.
During the treatment no significant cellular E-ADM accu-
mulation was observed. In Fig. 2 an example of cellular
and plasma concentration courses are given as measured
over a period of 8§ weeks in an individual patient.

Impaired liver function. In two patients with increased plas-
ma bilirubin concentrations the plasma concentrations
and cellular E-ADM concentrations had increased mar-
kedly (Fig. 3) compared with the values observed in the ten
patients with normal plasma bilirubin values. The
peak plasma (535+160ng/ml) and peak cellular
(4160 + 1920 ng/10° cells) concentrations at 5 min after bo-
lus injection were in the same order as those observed in
patients with normal plasma bilirubin. However, the plas-
ma disappearance rates were lower, at 11.4+ 4.8 min and
55.2+11.2 h for the first and the second half-lives, respec-
tively. Plasma concentrations of E-ADM and E-ADMol at
the next injection (day 7) revealed a continuous exposure
of cells to low plasma concentrations of 1.6—-4.7 ng/mi E-
ADM and 0-4.0 ng/ml E-ADMol, respectively. In addi-
tion, cellular concentrations had increased (20%-40%)
compared with those observed in patients with a normal
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Table 1. P!asma and cellular pharmacokinetic parameters of 20 mg 4’-epi-adriamycin weekly bolus injection in ten patients with normal
plasma bilirubin values and two patients with increased plasma bilirubin concentrations

Plasma pharmacokinetics

Normal bilirubin (n = 10 patients)

T1/2a T1/28 A B AUC Cl1 A%}

h) (h) (ng/ml) (ng/ml) (ughl-1 1/min 1
Week 1 0.16+0.03 19.9+4.38 592+112 10.9+4.1 542+ 155 44+20 566+ 227
Week 4 0.1440.02 14.9+32 5574211 102+1.9 515+195 5713 618215
Week 8 0.15£0.02 20.8+3.9 658 +127 12627 627+ 59 37+ 7 710+ 95
Total 0.15+0.02 18.2+5.1 598+ 160 10.8+2.7 561+114 43+ 14 601222

Increased bilirubin (n = 2 patients)

Total 0.19£0.08 55.2+11.2 535+160 19.6+2.5 902+50 163 1150+ 505

Cellular pharmacokinetics

Normal bilirubin (n = 10 patients)

T1/2a T1/2B A B AUC

(h) (h) (ng/10° cells) (ng/10° cells) (ughl-n
Week 1 03£0.1 46.4+£10.9 4680+ 1800 1370170 152000145000
Week 4 0.3+0.1 56.0+ 8.8 5730+ 1500 1660+290 170000 +31 000
Week 8 0.4+0.1 462+ 9.4 4950+ 1400 1860+ 75 166 000 + 46 000
Total 03£0.1 49.7+10.8 50101700 1671+361 156 000+ 33 000

Increased bilirubin (n = 2 patients)

Total 02+02 644+ 13 4160+1920 2055+360 206 00029 000

T1/2w, T1/2B, first and second half-lives; A, B, extrapolated concentration constants; AUC, area under the curve; Cl, plasma clearance;
Vf, volume of distribution
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Fig. 2. Cellular and plasma concentrations of 4’-epi-adriamycin Fig. 3. Cellular and plasma concentrations of 4’-epi-adriamycin
and 4’-epi-adriamycinol after weekly 20-mg bolus injection in a and 4’-epi-adriamycinol after weekly 20-mg bolus injection in two
patient with normal bilirubin concentration during 8 consecutive patients with increased bilirubin concentration. Means * stan-
weeks. Measured values are given. Symbols as for Fig. 1 dard deviation are given (n = 2 patients). Symbols as for Fig. 1



liver function. In both patients the pretreatment jaundice
improved during therapy. In five patients with liver metas-
tases and increased alkaline phosphatase levels who non-
theless had normal plasma bilirubin concentrations, plas-
ma and cellular disappearance rates were in the normal
range.

Urine E-ADM excretion. In the 24-h urine samples collect-
ed on day 7 of the 1st, 4th, and 8th weeks, only small
amounts of E-ADM, E-ADMol, and some other metabo-
lites were seen. These samples were not analyzed further.
However, the presence of urinary E-ADM at the day of the
next injection reflects a continuous presence of E-ADM in
the plasma although these plasma concentrations are
below the detection limit of 1 ng/ml.

Tumor cell E-ADM concentration

Skin metastases were removed surgically, from one patient
in the 7th week 1 h after E-ADM injection, from a second
patient in the 9th week just before the next injection, and
from a third patient 2 weeks after the last injection. Histo-
logical examination in all cases confirmed the cutaneous
localization of breast carcinoma. In samples of 13 and
30 mg tumor tissue the cellular E-ADM concentrations
were determined. The tumor contained 1.68 ug E-ADM/g
tissue in the first patient (blood leukocyte concentration at
that time was 2.5 ug/g cells) and in the second patient
11 ng/g tumor tissue (blood leukocyte concentration at the
time was 270 ng/g cells). For the third patient, no E-ADM
was found 2 weeks after the last injection in tumor or
nucleated blood cells.

Clonogenicity of hematopoietic progenitor cells

In four patients the clonogenicity in the CFU-GM of bone
marrow cells was determined before treatment and at 4
and 8 weeks of treatment. Compared with the normal
number of colonies observed in the control culture, in all
patients the number of colonies was depressed before the
start of the treatment: mean 39% (range 7%-80%). How-
ever, no significant decrease in clonogenicity was observed
during the subsequent cultures at week 4: mean 60% (range
36%-96%) or at week 8: 47% (range 6%—50%) (Table 2).
Cellular E-ADM concentrations in bone marrow cells at
day 7 were 132123 ng/10° cells (range 0-310ng/10°
cells).

Pharmacokinetic data and clinical results

When the fixed dose of 20 mg per bolus injection was ex-
pressed as milligrams per square meter of body surface,
the mean dose administered was 12.5 mg/m?, ranging
from 11.1 to 13.9 mg/m? No relation was observed with
the clinical result and the administered dose expressed as
milligrams of E-ADM per square meter.

Of the 12 patients described in this study, 9 could be
evaluated for response of therapy. Two patients with in-
creased bilirubin concentrations had partial remission last-
ing 4 and 6 months respectively, with improvement of liver
function. Two others with normal bilirubin values had
stable disease at 9+ and 12+ months. The area under the
plasma concentration curve (AUCp) and the area under
the cellular concentration curve (AUCc) for the two pa-
tients with the increased bilirubin (AUCp 902+ 50 pg.h 1!
and AUCc 20600029000 pg hl-! I-1) were larger than
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Table 2. Percentage growth in the colony forming unit assay of
hematopoietic cells before the start of treatment and before the
4th and 8th weeks of therapy

% Growth (CFU-GM)?2

Mean Range n
Before start 39 24100 n
4 weeks 60 36— 96 3b
8 weeks 47 6— 50 4

2 Compared with a normal control, which was set at 100%
® One culture infected

the AUCs observed in the other ten patients (AUCp
561+114pg h 17" and 15600033000 pug h 1-'). The
AUCp and the AUCc of the two patients with stable dis-
ease did not differ significantly from the values obtained
of those who failed to response.

Discussion

E-ADM is advocated as superior to ADM in the treatment
of breast cancer [7], since it is reported to be less myelotox-
ic [11] and less cardiotoxic at equimolar doses [7]. Besides
bone marrow depression, alopecia, and gastrointestinal
disturbances [19], a major side effect of anthracycline
treatment is its cardiotoxicity, which is related to the total
cumulative dose [13, 19] and most probably to the peak
plasma concentration. This is lowered by reduction of the
administered dose or by extension of the infusion time [8].

In the weekly low-dose regimen the peak plasma con-
centrations is lower than the one observed after the high-
dose regimen; for instance, the peak plasma concentration
after 75 mg bolus injection is 2- to 4-fold higher than that
observed in this study [15]. This corresponds to observa-
tions with continuous infusions and may also be related to
the absence of nausea and vomiting. It is remarkable that
the continuous presence of E-ADM in blood and bone
marrow cells was observed, although no overt bone mar-
row toxicity [11] and hardly any alopecia was noted [3, 11].
In several patients with low blood cell counts at the begin-
ning of the therapy these values even improved.

The tissue concentrations reported at 2 h after injection
of 10-20 mg/m? [9] were in the range of E~ADM concen-
trations in nucleated blood cells, as were the cellular con-
centrations detected in skin tumors. The prolonged pres-
ence of E-ADM in the tumor tissue (up to day 7) could
point to one of the mechanisms involved in the observed
response rate.

Although the number of patients investigated is too
low to allow conclusions on the efficacy of this schedule,
the preliminary clinical results so far are not impressive.
This is in agreement with the experience of Castiglione et
al. [3], who used even higher weekly dosages.

Increased bilirubin concentrations are known to be re-
lated to a reduced hepatic elimination [2]. We observed a
prolonged terminal plasma half-life, but also higher cellu-
lar E-ADM concentrations in these patients. It is interest-
ing that the only two patients who achieved PR had in-
creased bilirubin concentrations, larger AUCc values, and
plasma E-ADM and E-ADMol concentrations continu-
ously above 1 ng/ml. This observation may justifiy an ex-
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tension of the study, with a higher weekly dose or shorter
intervals, provided that side effects remain low, since this
is the main advantage of this weekly low-dose regimen.
Since our data show a weak correlation between cellular
pharmacokinetics of hematopoietic cells and therapeutic
results, it may be of interest to measure tissue concentra-
tions in relation to therapeutic results.
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