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Arterial chemoembolization of liver tumors should improve regional treatment by 
reducing native blood flow of the whole organ and redistributing residual flow 
toward hypovascular masses. Plasma cisplatin pharmacokinetics and its tissue 
uptake and relative tumor and liver vascularity were studied during surgical 
placement of arterial catheters in four patients and in four patients with colorectal 
metastases given intraoperative arterial cisplatin (DDP, 25 mg/m'), with and 
without coadministration of 600 mg degradable starch microspheres (DSM). Mean 
(+ standard deviation) filterable plasma platinum levels peaked later (2 minutes) 
and were significantly lower after DDP with DSM (1.23 f 0.69 pg/ml) than after 
DDP alone (2.13 f 0.43 pg/ml, P less than 0.05), with the area under the curve 
(AUC,-,, values of 15.8 f 5.5 and 25.1 f 3.8 p g  X min/ml (P less than 0.05), 
respectively. No differences in urine excretion, total body clearance, or plasma 
protein binding of platinum were observed. Tissue biopsies were started 15 minutes 
after DDP administration and completed in all cases within 5 minutes. Tumor 
platinum concentrations were significantly higher after DDP with DSM (3.03 f 1.60 
p g / g )  than after DDP alone (0.67 * 0.49 pg/ml, P less than 0.05). Liver 
concentrations and tumor-liver ratios of platinum also were higher, although not 
significantly, after DDP with DSM. Preoperative vascularization, studied with 
arterial perfusion scan, influenced individual tissue drug uptake in cases given DDP 
alone, with the lowest tumor levels in cold masses. Very high and almost 
superimposable liver and tumor concentrations were measured in those receiving 
DDP and DSM. The latter phenomenon was irrespective of native vascularization, 
indicating that DSM administration induced both an increased whole-liver 
extraction of the drug and a redistribution of blood flow and flow-dependent tissue 
uptake of platinum. Cancer 68:988-994,1991. 

HE PRIMARY AIM of arterial cancer chemotherapy is T to increase tumor delivery of regionally administered 
drugs while maintaining tolerable systemic exposure as a 
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result of first-pass extraction. Both animal and human 
studies show that liver tumors, unlike liver parenchyma, 
are supplied mainly by the hepatic artery.'.' Moreover, 
pharmacokinetic studies relative to intraarterial therapy 
indicate that the increase in drug concentration at the - 
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target site is related inversely to the regional blood flow 
and directly to the total body clearance of the d r ~ g . ~ . ~  
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Low arterial blood flow rate along with high total body 
clearance would ensure a high regional drug exposure. 
Therefore, the whole-organ blood flow, and tumor vas- 

(MAA) hepatic artery perfusion scans, are crucial factors 
in regional treatment of liver ~ a n c e r . ~ - ~  For these reasons, 
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arterial chemoembolization was devised as a means of 
reducing regional blood flow and targeting the drug to 
virtually unresponsive hypovascular t~mors .~ .~- l ’  Various 
materials have been mixed or loaded with selected 
drugs,’ ’ - I 3  including absorbable gelatin, glutaraldehyde- 
stabilized collagen, polyvinyl alcohol particles, ethylcel- 
lulose microcapsules, albumin, and starch micro- 
spheres (DSM). 

The bolus administration of 90 X lo6 parts of DSM 
into the proper hepatic artery can induce a mean reduction 
of blood flow by 80%.14 This short-term block of the ar- 
terial flow can be exploited to improve the extraction of 
drugs by the liver as a whole. Several studies investigated 
whether DSM infusion can affect the pharmacokinetics 
of antineoplastic drugs such as ~armust ine , ’~  mitomycin 
C,15 5-fluorouracil (5-FU),16 and doxorubicin.” These in- 
dicate that intraarterial coadministration with DSM re- 
sults in increased uptake by the liver and reduced systemic 
drug exposure. Moreover, as DSM have a tendency to go 
preferentially to high-flow areas,” the capillary blockade 
should prevail in the latter, thus producing an increased 
arterial back pressure that would forcibly redistribute the 
residual arterial flow toward previously ischemic areas. 
Personal  experience^^.".'^ indicated that native arterial 
vascularity of both hypervascular (hot) and hypovascular 
(cold) areas of the liver in humans can be modified by 
means of arterial embolization with DSM. 

Cisplatin (DDP) is an inorganic platinum complex 
whose clinical activity against many human cancers is 
well recognized.’” Its activity also has been reported in 
colorectal cancer patients receiving hepatic artery infusion 
of DDP alone.21 An additive effect was reported between 
DDP and 5-FU, with up to 34% response rate after intra- 
venous infusion.*’-” However, the clinical use of DDP 
frequently is associated with severe side effects such as 
nephrotoxicity, neurotoxicity, emesis, and ototoxicity. 
Pharmacokinetic studies comparing intraarterial and in- 
travenous DDP routes of administration indicate a de- 
crease in circulating drug levels but no difference in tumor 
 concentration^.'^.^^ 

The extraction of DDP after arterial infusion is rate 
dependent, with longer infusion times resulting in a whole- 
liver uptake of 40% to 50%.26-29 However, in the case of 
hypovascular tumors and/or lack of local response to re- 
gional treatments, it is desirable to induce a further se- 
lective increase of tumor exposure. This could be obtained 
with bolus injections of the drug mixed with DSM. Little 
has been published on the hepatic uptake,30 distribution, 
and excretion of platinum after hepatic arterial admin- 
istration of DDP with DSM. To define the possible ben- 
efits of DSM chemoembolization further, pharmacoki- 
netic parameters, changes of native vascularity, and tumor 
and liver concentrations of platinum were investigated in 
patients with disseminated colorectal liver metastases after 

intraarterial administration of DDP given alone or 
with DSM. 

Materials and Methods 

Degrudub le Starch Microspheres 

The DSM (Spherex, Pharmacia AB, Uppsala, Sweden) 
consist of glucose polymers cross-linked with epichloro- 
hydrine bridges to form spheres with a mean diameter of 
40 k 5 pmol/l; they are degraded by serum amylases with 
a tl,’ of 15 to 30 min at 37°C in vitro. The spheres are 
stable in a dry state and can be stored at room temperature. 
Once injected into an artery, they cause a block of flow 
at the arteriole-capillary level that is fully reversible even 
after repeated administration.16 We chose DSM because 
their small size and short half-life allowed repeated chem- 
oembolization at the arteriole-capillary level with distal 
entrapment of the drug and limited risk of permanent 
vascular occlusion. 

Treatment 

Eight patients (four men and four women) undergoing 
surgical implantation of arterial catheters for regional 
treatment of disseminated colorectal liver metastases were 
studied. For all patients, preoperative examinations 
showed typical hepatic arterial anatomy and absence of 
arteriovenous shunts, normal blood values of creatinine, 
bilirubin, albumin, prothrombin time, and liver enzymes, 
with the exception of alkaline phosphatase. The clinical 
staging included computed tomographic scan for the as- 
sessment of liver involvement. At surgery, the gastrodu- 
odenal artery was cannulated with implantable ports,” 
the catheter tip being threaded up to its confluence with 
the hepatic artery. 

Four patients were infused through the arterial catheter 
with a 30-second bolus of DDP, corresponding to a DDP 
dose of 25 mg/m2; the other four patients received the 
same dose of DDP mixed with 60 X 106 parts of DSM. 
Relatively low doses of DSM and DDP were chosen for 
the kinetic study to prevent unwanted side effects during 
the anesthesia and the immediate postoperative period 
and because even low doses of DSM can induce substan- 
tial and easily detectable hemodynamic changes in the 
liver.5 The total amount of DSM and DDP was suspended 
in 50 ml of normal saline, and to avoid sedimentation, 
the syringe containing the mixture was shaken for 30 sec- 
onds before and continuously during the injection. 

Blood samples of all patients were collected in hepa- 
rinized tubes before administration of DDP, at the end 
of the infusion, and 1,2,4,  8, 15, 30, and 45 minutes and 
1,2,4,8, and 24 hours after infusion. Blood samples were 
taken daily (24-hour intervals) for at least 1 week. Urine 
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collection was started just before DDP administration and 
from 2, 4, 8, and 24-hour pools during the first 24-hour 
period; 24-hour samples were collected for 5 days there- 
after. Blood samples were centrifuged immediately, and 
the plasma was removed. For all patients 4-ml plasma 
samples were filtered through Amicon Centriflo CF 25A 
cones (molecular weight cutoff, 25,000; Lexington, MA), 
and the ultrafiltrate fraction was used for determining the 
filterable platinum concentration. The concentration of 
platinum in the plasma, plasma ultrafiltrates, and urine 
were determined by flameless atomic absorption spec- 
tro~copy,~* using an Hitachi Model 2-9000 simultaneous 
spectrophotometer (W. Pabish, Milano, Italy). Biopsy 
specimens of about 0.5 g were taken in random sequence 
starting 15 minutes after drug injection and stored in dry 
plastic tubes at -20 "C until processing. Whenever pos- 
sible, more than one biopsy specimen was obtained from 
different areas of both liver and tumor, care being taken 
to complete sampling in less than 5 minutes. Tumor sam- 
ples were taken from the peripheral portions of the lesions; 
parenchyma was sampled far away from the tumor. Tissue 
samples were digested with 14 mol/l nitric acid; after 
digestion and evaporation to near dryness, the residue 
was eluted in 10 mmol/l nitric acid. All tissue samples 
were assayed for platinum using both flameless atomic 
absorption spectroscopy and neutron activation analysis, 
as previously described." 

The vascularity of tumors was studied by means of low- 
flow 99mTc-MAA arterial perfusion scans, according to 
the method described in details el~ewhere.~," Briefly, na- 
tive vascularity was determined in all cases 7 to 14 days 
after surgery with a plain MAA scan. The distribution of 
MAA in the obvious tumor masses, as identified by con- 
ventional sulfur colloid scan, was indicated as either hot 
or cold according to tumor uptake compared with normal 
parenchyma. In cases of gross coexistence of the two vas- 
cular patterns, tumors also were indicated as mixed type. 
Two to 7 days after the first examination, an additional 
MAA arterial scan was done in all patients who had un- 
dergone intraoperative infusion of DDP with DSM. The 
MAA scan was done immediately after the infusion of60 
X lo6 parts of DSM through the arterial catheter. Differ- 
ential patterns of tumor vascularity were noted in each 
patient, and the individual changes were attributed to the 
arterial flow redistribution caused by DSM arterial em- 
bolization. Because the gamma camera was not available 
in the operating room, the MAA perfusion scans were 
done postoperatively. Theoretically, this could be increase 
the risk of overlooking possible changes in tumor vas- 
cularity as a result of tumor responses after the intra- 
operative DDP inf~s ion . '~  The perfusion scans, however. 
were done after an echoscan had shown no substantial 
changes in tumor dimensions. In addition, although 
modifications of tumor vascularity have been reported 

during chemotherapy even in the absence of gross changes 
of tumor masses,35 they essentially are chronic in nature 
and unlikely to occur in short periods of time. Tumor 
vascularity appears to be fairly stable during several 
months in over 80% of cases even with substantial tumor 
progression or treatment response.36 

The patients subsequently were treated according to a 
prospective clinical study of regional chemotherapy3' in- 
cluding plain intraarterial infusion of DDP (40 mg/m2 
on days 1 to 3 every 2 1 days) with intravenous 5-FU (200 
mg/m2 on days I to 5 every 21 days). 

Data Analysis 

To analyze the data, a Fortran program was developed 
on a HP- 1000 and HP- 1 50 (Hewlett-Packard, Milano, 
Italy) computer according to the linearization method for 
nonlinear least-squares cases.38 Plasma decay of total and 
filterable platinum was fitted to a one-compartment and 
two-compartment open model, and pharmacokinetic pa- 
rameters were derived using standard equations. All dif- 
ferences between patients treated with DDP alone and 
DDP with DSM were evaluated using the Mann-Whitney 
test (Wilcoxon) at the 0.05 level of ~ignificance.'~ 

Results 

Effect of Starch Microspheres on Systemic Platinum 
Exposure 

Table 1 shows the systemic pharmacokinetic parame- 
ters of platinum in patients after injection of DDP alone 
or DDP with DSM into the hepatic artery. At early times 
( 4 3  minutes) after administration of DDP alone, the 
plasma total platinum levels were approximately twofold 
higher than those observed after administration of DDP 
with DSM, and there were no differences in total area 
under the plasma concentration time curve (AUC, Ta- 
ble 1). 

TABLE 1. Systemic Pharmacokinetic Parameters of Platinum in 
Patients Receiving Cisplatin Alone (n = 4) and Cisplatin + Degradable Starch Microspheres (n = 4) 

DDP alone DDP with DSM 

Total platinum 
Maximum (Pt) (rg/ml) 2. I3 f 0.43 1.23 f 0.69 
AUCo-, (mg/ml X min) 2.52 4 2.22 2.73 t 1.47 

Maximum (Pt) (pg/ml) 
AUCo-lzo (mg/ml X min) 0.0326 f 0.0046 0.0385 -t 0.0047 

Filterable platinum 
0.70 f 0.32* 1.40 2 0.43 

CITb (ml/min) 663 4 89 699 f 61 

DDP: cisplatin; DSM: degradable starch microspheres. 
Values are mean 2 SD. 
CITb: clearance rate of filterable platinum from systemic circulation. 
* P < 0.05. 
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FIG. I .  Mean plasma concentra- 
tions of filterable platinum in pa- 
tients treated with DDP alone (0: n 
= 4) and DDP with DSM (m: n = 4) 
(*) P < 0.05. 
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Plasma disappearance of filterable platinum after treat- 
ment with and without DSM was best fitted to a one- 
compartment model (Fig. 1). Sharp differences in the sys- 
temic concentrations of filterable platinum were observed 
from 0 to 30 minutes after administration of DDP alone 
or with DSM (Fig. 1 and Table 1). The mean peak con- 
centration of filterable platinum determined at early times 
(18 minutes) after administration of DDP alone (2.13 
k 0.43 pg/ml [standard deviation]) was significantly higher 
( P  less than 0.05) than that observed in patients given 
DDP with DSM (1.23 k 0.69) pg/ml, Table 1). The AUC 
mean value of filterable platinum over 30 minutes after 
administration of DDP alone (25.1 ? 3.8 pg-min/ml) was 

significantly higher ( P  less than 0.05) than that measured 
after DDP with DSM (15.8 f 5.5 pg-min/ml, Fig. 1). No 
difference in total body clearance was observed between 
the two groups of patients (Table 1). 

The rate constant for the protein binding of platinum 
to fixed metabolite in plasma (determined by dividing the 
concentration of bound platinum at 120 minute by the 
AUC of filterable platinum) was 0.0146 k 0.0055 and 
0.0149 _+ 0.0048 min-' in patients administered DDP 
alone and DDP with DSM, respectively. The percentage 
of platinum excreted in the urine for the 5-day period 
after treatment was 29 k 7% and 20 f 10% for patients 
treated with DSM and without DSM, respectively. 

TABLE 2. Tumor and Liver Platinum Concentrations (ng/mg wet tissue) Determined 15 Minutes 
After Intra-arterial Injection of DDP: Tumor Vascularity 

Vascularity 

Tumor Liver Tumor/liver ratio Native After DSM 

DDP alone (patient no.) 
5 
6 
7 
8 
Mean (SD) 

1 
2 
3 
4 
Mean (SD) 

DDP + DSM (patient no.) 

0.10 - 
1.43 - 
0.61 0.45 
0.78 - 
0.67 (0.49) 

1.29 - 
3.06 2.26 
4.09 5.59 

3.03 (1.59)* 
1.88 - 

0.19 - 
0.92 - 
4.08 2.73 

1.91 (1.53) 

1.68 1.70 
3.43 2.16 
3.79 6.14 

2.96 (1.64) 

1.64 - 

1.85 - 

0.54 
1.55 
0. I6 
0.48 
0.68 (0.6 I )  

0.76 
0.95 
0.97 
1.02 
0.93 (0.1 1)  

Cold 
Hot 
Cold 
Cold 

Cold 
Hot 
Cold 
Hot 

Mixed 
Hot 
Hot 
Mixed 

SD: standard deviation. * P < 0.02 compared with DDP alone. 
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Efect of Starch Microspheres on Tissue Uptake of 
Platinum and Tumor Vascularity 

Table 2 shows tissue uptake and tumor-liver ratios of 
platinum in each patient undergoing intraoperative biop- 
sies. Tumor vascularity with and without DSM also are 
reported in this table. 

The DSM chemoembolization compared with the ad- 
ministration of DDP alone appeared significantly to in- 
crease the uptake of the coinjected drug by the tumor (P  
less than 0.02), with mean concentrations of platinum of 
3.03 k 1.59 and 0.67 k 0.49 pg/g in patients given DDP 
with DSM and DDP alone, respectively (Table 2). Higher 
mean platinum concentrations also were observed in the 
liver parenchyma as were higher tumor-liver ratios after 
DDP with DSM compared with DDP alone (Table 2). 
Relative tumor and liver uptake of platinum was influ- 
enced by native tumor vascularity in the individual pa- 
tients given DDP alone. The tumor-liver ratio of platinum 
was low in the three cases with cold tumors (Patients 5 ,  
7, and 8) and high in one case with hot lesions (Patient 
6). In a case with cold lesions (Patient 5) ,  the uptake of 
platinum was very low both in the tumor and liver pa- 
renchyma. In turn, high platinum levels were found after 
DDP with DSM both in cold and hot tumors and in liver 
parenchyma. This was related not only to the DSM-in- 
duced reduction of blood flow to the whole organ but also 
to the reversal of tumor vascularity caused by DSM in 
the two patients with native cold lesions receiving intra- 
operative DDP chemoembolization (Patients 1 and 4). 

Discussion 

High liver toxicity and poor control of systemic pro- 
gression seem to be the major problems limiting the ef- 
ficacy of the most widely used drugs for intraarterial treat- 
ment of colorectal liver metastases, such as 5-FU and 
5-fluor-2’-deoxyuridine (FUdR).13.40,41 Thu s, modified 
FUdR-based regimens or alternative drugs are being in- 
vestigated by several groups in an attempt to improve 
clinical  result^.^^,^^ For this purpose, DDP has potentially 
useful characteristics: most of the arterially administered 
drug reaches the systemic c i r ~ u l a t i o n ~ ~ - ~ ~  without pro- 
ducing serious liver toxicity. Moreover, the association of 
intraarterial DDP and intravenous 5-FU in colorectal liver 
metastases3’ resulted in an overall objective response rate 
almost superimposable on that achieved with FUdR alone 
(55%)  but with a lower incidence of systemic progression. 
In nonresponsive cases, whose tumors mainly are hypo- 
vascular in nature, the lack of response could be related, 
at least in part, to the poor perfusion of the lesions and, 
consequently, to a low tumor uptake of the drug. Arterial 
chemoembolization could help overcome these problems 
through a reduction and a redistribution of regional blood 
flow. 

Our results indicate that higher tumor and liver con- 
centrations of platinum are achieved after intraarterial 
infusion of DDP with DSM than after DDP alone, with 
minimal alteration of systemic pharmacokinetics. No dif- 
ferences were observed between the two groups in the 
total and filterable AUC, in the total body clearance, and 
in the urinary platinum excretion. Because only nonpro- 
tein-bound platinum species are filtered by the kidney, 
these findings are consistent with the similar rate constant 
for the biotransformation of DDP to fixed metabolite ob- 
served in the two groups of patients. 

Despite the general similarities in pharmacokinetics af- 
ter the administration of DDP alone and DDP with DSM, 
both peak plasma concentrations of filterable platinum 
and filterable platinum exposure determined up to 30 
minutes after treatment were significantly lower in the 
group receiving DDP with DSM than in the group re- 
ceiving DDP alone (Fig. 1). These differences were con- 
sistent with the half-life of DSM ( 1  5 to 30 minutes) and 
cannot be explained by differences in drug doses or patient 
characteristics. Therefore they are likely to reflect an en- 
hanced local diffusion of DDP at early times when the 
drug is combined with DSM. 

Tumor vascularity has been identified as a prominent 
prognostic factor in regional treatment of liver t ~ m o r . ~ - ~  
In one report,6 MAA scan provided a good positive cor- 
relation between tumor perfusion and treatment responses 
in 47 patients with colorectal metastases undergoing he- 
patic arterial infusion of FUdR. Our data concur with 
this prediction, suggesting that platinum distribution to 
both tumor and liver is influenced by tumor vascularity 
in patients without DSM embolization (Table 2). This 
agrees with the findings of  other^^',^^ on intraarterial in- 
fusion in humans. Although the uptake of FUdR generally 
was lower in the tumor than in the liver parenchyma, a 
direct correlation was observed in these two studies be- 
tween tumor vascularity (MAA retention) and tumor 
FUdR levels. 

Patients treated with DDP plus DSM showed higher 
platinum levels both in the tumor and liver parenchyma 
than did those treated with DDP alone. Only one patient 
(1) with native cold lesions, treated with DDP and DSM, 
had a tumor concentration of platinum that was similar 
to the highest platinum levels detected in the only patient 
with native hot lesions (6) in the group receiving DDP 
alone (Table 2). This could be a result of the DSM-induced 
reduction of total blood flow to the liver, causing increased 
first-pass extraction of the drug. However, DSM arterial 
embolization can increase not only tumor doxorubicin 
levels but also tumor-parenchyma doxorubicin ratios in 
experimental VX2 tumor transplanted in rabbits’ liver.44 
Higher tumor-liver ratios of FUdR have been reported 
in patients receiving arterial embolization with FUdR plus 
DSM compared with those receiving FUdR alone.45 Sub- 
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stantial changes in tumor perfusion patterns can be in- 
duced by DSM in most patients undergoing MAA arterial 
perfusion scans with and without DSM emboli~ation.~. '~ 
Our data show that patients receiving DDP with DSM 
had tumor-liver ratios of mean platinum concentration 
(0.93 k 0.1 1) similar to that observed in patients receiving 
DDP alone (0.68 f 0.6 1). Moreover, each patient receiv- 
ing DDP with DSM showed almost superimposable plat- 
inum levels both in the tumor and liver parenchyma; di- 
verging values were measured in patients receiving DDP 
alone. This contrasts with the behavior we would expect 
if tissue uptake of platinum were increased uniformly by 
DSM without changing the relative blood flow toward the 
tumor and liver. In the latter case, although increased, 
the tumor platinum uptake would be related to the native 
tumor vascularity as found in the group treated with DDP 
alone. Therefore, the observed tissue levels of platinum 
after DSM suggest a redistribution of blood flow in the 
liver toward native hypovascular areas resulting in an in- 
creased platinum uptake. 

In turn, although changes in vascularity were been in- 
vestigated in the previous studies with arterial DSM plus 
dox~rub ic in~~  and FUdR,42343,45 the reported data could 
be explained, at least in part, by a DSM-induced redis- 
tribution of blood flow to the tumor. However, FUdR 
has very high first-pass extraction into the normal 
whereas the extraction of doxorubicin, although not ex- 
tensive, cannot be increased by the DSM-induced reduc- 
tion of For these two drugs, the effect of DSM 
could only be related to the DSM-induced slow-down of 
arterial flow to the entire organ. Even in these cases where 
DSM embolization does not induce changes in tumor 
vascularity, first-pass extraction could be increased to a 
greater extent in the tumor than in the parenchyma. This 
phenomenon could be magnified by a substantial washout 
of normal parenchyma due to the portal flow. 

In summary, our data show that intraarterial injection 
of DDP combined with DSM resulted in enhanced ex- 
posure of local tumor to the drug, compared with that 
achieved when DDP was given alone, without any sub- 
stantial alteration of systemic pharmacokinetics. Bolus 
intraarterial DDP has a low first-pass liver e x t r a c t i ~ n , ~ ~ - ~ ~  
but our data indicate, contrary to doxorubicin and FUdR, 
that substantial improvement of tissue platinum uptake 
can be achieved by DSM-induced blood flow reduction. 
Moreover, because the specific uptake of platinum in 
normal condition is similar in the liver and tumor, relative 
changes in tissue platinum levels appear to be closely re- 
lated to the DSM-induced blood flow redistribution. The 
net result of this phenomenon is a more homogeneous 
tissue uptake of DDP in both cold and hot areas of tumor- 
bearing livers. This is also supported by the DSM-induced 
changes of tumor vascularity observed in the two patients 
with native cold lesions receiving intraoperative DDP 

combined with DSM (Patients 1 and 4). Parallel changes 
of blood flow targeting and tissue uptake of platinum ap- 
pear to have occurred in these patients. It follows that 
DSM chemoembolization may be useful in the admin- 
istration of drugs with either high or low specific first-pass 
extraction, even without necessarily increasing the tumor- 
liver ratio. However, DSM chemoembolization variously 
can influence blood flow reduction, tumor vascularity, 
and drug uptake, depending on DSM dose, native vas- 
cularity, specific liver uptake of the given drug, and total 
capillarity of the organ, which can vary widely between 
 individual^.^^ Hence, with the aim of optimizing the ben- 
eficial effects of chemoembolization, DSM doses should 
be individualized to obtain similar hemodynamic effects 
with different doses. For this purpose, different methods 
of monitoring the hemodynamic effects of DSM are 
available including nuclear medicine46 and digital sub- 
traction angi~graphy.~' Finally, the short-term effect of 
the DSM can be exploited fully only with bolus infusions 
of these drugs. Therefore, the drugs of choice for chem- 
oembolization appear to be those agents whose best 
schedule is represented by bolus infusion and/or those 
agents, such as mitomycin C, known to be preferentially 
toxic to cells under the hypoxic condition occumng after 
DSM emb~lizat ion.~~ Specific questions that remain to 
be answered for each drug suitable for DSM chemoem- 
bolization deal with the chemical structure of the sub- 
stance taken up by the tumor and whether it is localized 
at intracellular or extracellular levels. 
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