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Abstract

The effects of degradable starch microspheres (DSM) on mito-
mycin C pharmacokinetics and bone marrow toxicity were stud-
ied in a phase II multicenter study. Sixty-three patients with non-
resectable primary or secondary liver cancer were randomized to
receive either i.a. mitomycin C 15 mg/m? first, followed 5 weeks
later by mitomycin C 15 mg/m? plus DSM 360 mg administered
into the hepatic artery (group I) or the same treatments in the
opposite sequence (group II). In 36 out of 47 patients who re-
ceived at least 2 treatments, peripheral venous blood samples
were analyzed for mitomycin C pharmacokinetics on a minimum
of 2 paired courses. In all patients, the area under the concentra-
tion time curve (AUC) was significantly lower when the drug was
co-administrated with DSM, but the terminal half-life (t,;) of
mitomycin C was unchanged. In group I the addition of DSM
resulted in a significantly lowered AUC, but not in group II. The
discrepancy between the 2 groups is probably due to differences
in DSM-induced intra-hepatic shunting. The addition of DSM
resulted in significantly higher platelet nadir values, but un-
changed white blood cell count nadir value. In conclusion, DSM
reduce the systemic exposure of mitomycin C and seem to lessen
the haematologic toxicity judged from a less pronounced de-
crease in platelets.

Key words: Liver cancer, chemotherapy, intra-arterial, de-
gradable starch microspheres.

Primary and secondary liver cancer have an extremely
poor outcome (1, 2), and it has been estimated that more
than 200000 persons in the USA yearly will die from or
with liver metastases (3). Ligation of the hepatic artery or
hepatic dearterialization has been tried for several years
in order to impair the nutritional blood flow to the liver
tumors. Transient reduction of the tumor burden has been
observed, but no significantly increased survival (4, 5).
Systemic cytostatic treatment in locally advanced liver
cancer is of limited value, with remission rates of only
about 20% (6-8). Hepatic intra-arterial cancer chemo-

therapy has the potential advantage of achieving a very
high target drug concentration in the tumor, and can
produce a substantial pharmacologic advantage when ap-
propriate agents are used (9). By combining reduction in
arterial blood flow with hepatic intra-arterial cytostatic
treatment target drug exposure may be prolonged, tumor
drug uptake increased, and systemic drug exposure de-
creased (10).

Intra-arterially administered degradable starch micro-
spheres (DSM) have been shown to reduce arterial blood
flow for 15-30 min after the infusion (11). The present
multicenter study was designed to analyze the effects of
DSM administered via the hepatic artery, on the pharma-
cokinetics of co-administered mitomycin C in patients
with locally advanced primary or secondary liver cancer.
The possible protective effects of DSM on mitomycin C-
induced bone marrow toxicity were also studied.

Material and Methods

Patient selection. Sixty-one patients with histologically
proven primary or secondary liver cancer were random-
ized in the multicenter study. Inclusion criteria were posi-
tive cancer histopathology, non-resectable tumor, and dis-
ease limited to or mainly limited to the liver. Exclusion
criteria were portal hypertension, portal vein or hepatic
artery occlusion demonstrated at angiography, previous
treatment with BCNU or mitomycin C and performance
score less than 70 on the Karnofsky scale. The study has
been accepted by the ethical committees at the participat-
ing hospitals. Thirteen patients were excluded since they
received only one treatment and one patient due to im-
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Table 1

Patient characteristics

Toxicological

Primary tumor site  study

Pharmacokinetic
study

Colon-rectum 32
Liver 4
Various sites* 11
Total 47

*Breast, lung, pancreas, unknown.

23
4
9

36

Table 2

Median pharmacokinetic parameters in both treamtent groups. Figures
within parentheses show 95 % confidence interval from the median

Mitomycin C

(Gr 1: Ist infusion
Gr 2: 2nd infusion)

Mitomycin C+DSM
(Gr 1: 2nd infusion
Gr 2: 1st infusion)

AUC 139
nmol-min-ml™"  (101-161)
tin 38

min (32-49)

paired function of the vascular access port. Forty-seven
patients received at least 2 treatments. Peripheral venous
blood sampling for mitomycin C analysis and pharmacoki-
netic evaluation was performed in 36 of these patients.

The mean age of the patients (25 males and 22 females)
was 60 years (range 37-78). The primary site of the tumor
was predominantly colorectal (Table 1).

Treatment schedule. The patients were randomized to
treatment with either mitomycin C, 15 mg/m? (group I), or
mitomycin C (same dose) plus 360 mg DSM (group II) as
first treatment. A cross-over treatment was given 5 weeks
later. The degradable starch microspheres (Spherex) were
kindly supplied by Pharmacia AB, Uppsala, Sweden.
DSM and mitomycin C were thoroughly mixed before
administration. The treatment was administered via a
catheter, introduced into the proper hepatic artery under
fluoroscopic control. In a few cases the intra-arterial infu-
sion was given via a subcutaneous vascular access port
(Port-A-Cath). The infusion time was 4 min and the infu-
sion volume 30 ml. After the first 2 treatments a clinical
evaluation was performed, and in the absence of progres-
sive disease or pronounced toxicity, the dose of mitomy-
cin C was increased to 25 mg/m? and the patient was
treated with an additional pair of courses.

Blood sampling. Blood (5 ml) was sampled from a
peripheral vein 2, 4, 8, 16, 32 min and 1, 2, 4 and 6 h from
the end of infusion. The blood was collected in glass tubes
containing 250 IU heparin, and immediately centrifuged
for 10 min at 4000 rpm. The plasma fraction was removed
and stored at —80°C until analysis of mitomycin C.

In addition, blood was sampled before treatment and on

102 p=0.004
(80-134)
36 p=0.41
(29-53)
Table 3

Median AUC, 1\, delta AUC and delta t\, in the treatment
groups (first treatment underlined). Figures within parentheses
show 95 % confidence interval from the median

Group I Group 11
AUC mitomycin C 136 134
nmol-min-ml~* (110-166) (109-162)
AUC mitomycin C+DSM 91 127
nmol- min-ml™' (70-108) (98-152)
delta AUC* 46 15
nmol- min-ml™! (20-71) (—18-46)
ti» mitomycin C 45 38
min (33-58) (32-48)
ti» mitomycin C+DSM 40 4
min (25-72) (35-59)
delta t,,** 7 -5
min (—12-21) (-194)

® Delta AUC = AUC mitomycin C—AUC mitomycin C+DSM.
** Delta ty, = t;, mitomycin C—t;, mitomycin C+DSM.

days 14, 21, 28 and 35 after the treatment for analysis of
white blood cell and platelets and on days 1, 5 and 7 for
analysis of bilirubin, ASAT, ALAT, alkaline phosphate
counts and creatinine. The change in percentages in these
parameters was calculated with the use of the pretreat-
ment and the maximal increased/decreased values.
Mitomycin C assay. Mitomycin C was assayed using a
modification of the technique reported by denHartigh et
al. (12) and Hu & Howell (13). Briefly, mitomycin C was
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Table 4

Median haematologic nadir values in the treatment groups. Figures within
parentheses show 95 % confidence interval from the median

Mitomycin C

Mitomycin C+DSM

WBC 4.7
(x10*mm®) 4.1-5.2)
Platelets 144
(x10*/mm?) (129-164)
Percentage 70

decrease in
platelet count

(59-117)

5.0 p=0.28
(4.5-5.4)

155 p=0.005
(145-187)

55 p=0.004
(33-66)

Table §

Median maximal values of bilirubin, ALAT, ASAT, alkaline phosphates and creatinine.
Figures within parentheses show 95 % confidence interval from the median

Mitomycin C Mitomycin C+DSM

Bilirubin (umol/f) 12 14 p=0.06
(10-14) (13-16)

ALAT (pkal/l) 0.49 0.61 p=0.20
(0.41-0.64) (0.48-0.79)

ASAT (ukat/l) 0.76 1.00 p=0.08
(0.67-0.90) (0.87-1.20)

Alk. phosphat. (ukat/l) 5.5 73 p=0.12
(4.8-8.6) 4.7-9.4)

Creatinine (umol/l) 88 88 p=0.72
(80-90) (80-96)

measured by reverse phase high pressure liquid chroma-
tography following saturation of the sample with sodium
chloride in extraction into chloroform: isopropylalcohol.
Porfiromycin was used as internal standard, and baseline
separation was obtained between the mitomycin and por-
firomycin peaks and all the other peaks in the chromato-
gram. The limit of sensitivity was 1 ng/ml, and recovery
was 76.1%+5.7% (SD), with a coefficient of variation of
2.5%.

Pharmacokinetic evaluation. The AUC (area under the
concentration time curve) was calculated by the trape-
zoidal rule. The terminal half-life (t;,) of mitomycin C (M)
was obtained from a standard pharmacokinetic model pro-
cedure, using the Gauss-Newton-Harley algorithm. The
AUC ratio was calculated as AUCy..psm/AUCp.

Statistical procedures. The Wilcoxon’s matched-pairs
signed-ranks test were used for the comparison of 2 relat-
ed samples. Two independent samples were compared
with the Mann-Whitney U-test. The y’-test and the Mann-
Whitney U-test were used for comparison of the AUC
ratio in the 2 groups. A p-value less than 0.05 was consid-
ered statistically significant.

Results

Overall, of the 61 patients randomized 25 (13 from
group I and 12 from group II) were excluded from the

15—

pharmacokinetic study and 14 patients from the toxicolog-
ic evaluation because of rapidly progressive disease or
incomplete blood sampling. No essential difference was
found with regard to primary tumor site between the
excluded and the analyzed patients. The pharmacokinetic
and toxicologic evaluations were performed after the first
2 treatments.

Seventeen patients were randomized to receive mito-
mycin C alone (group I) and 19 patients to receive mito-
mycin C plus DSM (group II) as the first treatment. The
median values of the pharmacokinetic parameters for both
groups are shown in Table 2 and for each group in Table 3.
Median AUC after mitomycin C was significantly lower
with DSM than without when all patients (p=0.004) and
group I (p=0.002) were considered, but not when group I1
alone was considered. The median t,5 of mitomycin C did
not seem to be influenced by the addition of DSM. The
AUC ratio (AUCp.psm/AUCy) was less than 1 in 27
patients (15 in group I and 12 in group II), and more than 1
in 9 patients (2 in group I and 7 in group II). No significant
difference with regard to AUC ratio was found between
the 2 groups.

The median decrease in platelet count was significantly
lower and the median platelet nadir value significantly
higher when DSM were added to the treatment, but the
median white blood cell count was unchanged (Table 4).
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Although some patients experienced slight pain after ad-
ministration of the DSM, the microspheres did not induce
any significant hepatic toxicity. The maximal posttreat-
ment values of bilirubin, ALAT, ASAT, alkaline phospha-
tases and creatinine were not significantly different after
mitomycin C plus DSM as compared to mitomycin C
alone (Table 5). Out of 47 patients, one complete and 6
partial responses were observed.

Discussion

The small but significant reduction in the decrease in
platelets in percentages, and the higher platelet nadir
values when DSM were added, indicate that DSM, to some
extent, protect the bone marrow against mitomycin C-
induced marrow toxicity. This protection, however, was
not sufficient to result in a higher nadir white blood cell
count,

Studies on primary human tumor samples often demon-
strate that the tumors are resistant to drug concentrations
attainable in the plasma, but are frequently sensitive to
drug concentrations 2 times higher (14). Consequently a
treatment strategy which increases the tumor drug con-
centration might significantly improve the clinical results.
The combination of DSM and cytostatic agents exempli-
fies such a strategy. The microspheres transiently occlude
or reduce the hepatic arterial blood flow at the arteriolar
level for about 15 to 30 min before DSM are degraded by
serum amylase. The blood flow reduction should result in
a prolonged drug exposure time and higher tumor and
liver drug concentrations. Mitomycin C was chosen as a
suitable anticancer drug because of its previously proven
effect against liver cancer (15), and its pharmacokinetic
characteristics (13).

The lower systemic drug exposure (measured as the
reduction of median AUC) when DSM were added to the
treatment was found to average 27%. This is consistent
with earlier studies reporting reductions of 30-35% (10,
16). However, in the present study, only patients random-
ized to receive mitomycin C alone as the first treatment
(group I), showed a significant decrease in AUC when
DSM were added. The reason for this is difficult to ex-
plain. Previous investigations, in which DSM have been
administrated into the hepatic artery, have demonstrated
intrahepatic arterio-venous shunting (17, 18). This phe-
nomenon, which appears to be related to the dose of DSM
(18), may reduce the occlusion effect of the microspheres.
It has also been claimed that DSM open up or increase the
blood flow in arterio-venous shunts (17). An altered
shunting effect may hypothetically be explained by vascu-
lar damage induced by a prolonged mitomycin C expo-
sure.

For practical reasons, a fixed dose of DSM was chosen.
We decided a low dose of DSM (360 mg, 6 ml) based upon
early studies (11). In a phase I study, this dose was found
to cause little shunting to the lungs (15%) in comparison
to larger doses of 9-15 ml of DSM (16).

Finally, it has been reported that the activation of mito-
mycin C is increased under anaerobic conditions (19).
Whether this fact, in combination with the pharmacoki-
netic advantages of DSM as an adjunct to mitomycin C, is
sufficient to improve the therapeutic effect has to be
defined by further studies.
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