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Summary. The pharmacokinetics of cisplatin in mice with 
s.c. RIF 1 tumours was studied after intratumoural (i.t.) 
administration of drug in solution and in different slow-re- 
lease devices. The data were compared with those obtained 
after i.p. administration of cisplatin. The slow-release dev- 
ices under test were manufactured from either starch (ST) 
or polymeric hydrogels with different water uptakes 
(named T1, T2 and T3). In vitro release from these devices 
was approximately 100% in 2 h for starch rods, 100% in 
24 h for T3 hydrogels, 45% in 4 days for T2 hydrogels and 
<10% in 4 days for T1 hydrogels. In vivo release rates 
agreed well with the in vitro data for T1 and T2 rods and 
were slightly slower in vivo for the T3 rods. The ST rods 
released the drug 6 times slower in vivo than in vitro. 
Plasma concentrations after i.t. administration were lower 
than those measured after i.p. administration. Systemic 
exposure to both total and free platinum was reduced to 
70% for i. t. as compared with i. p. administration. Turnout 
concentrations were 4 times higher after i. t. than after i. p. 
administration. Tumour and peak plasma levels of plati- 
num increased with increasing release rates. With the 
faster-releasing formulations (ST and T3), tumour plati- 
num concentrations were 100 times higher than after i.p. 
administration. With the slower releasing formulations (T 1 
and T2), total tumour platinum concentrations were 2 and 
9 times higher, respectively, than after i.t. administration 
of cisplatin in solution. Platinum distribution within the 
tumour was homogeneous after i.p. administration. After 
i.t. administration of cisplatin in solution, platinum con- 
centrations in the centre of the tumour were approximately 
4 times higher than in peripheral tumour tissue. Implanta- 
tion of cisplatin in T2 and T3 hydrogel rods resulted in 
large concentrations of platinum in the centre of the tumour 
(the site of implant), which decreased steeply towards the 
tumour periphery. In summary, i.t. administration of cis- 
platin solution produced better results than did systemic 
(i.p.) administration in terms of tumour versus plasma 
drug-concentration ratios. Administration of drug in slow- 
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release rods proved even more advantageous, although this 
was offset by inhomogeneous drug distributions within the 
tumour. 

Introduction 

A number of authors have shown that in experimental 
models the intratumoural (i. t.) administration of cisplatin 
has a greater effect on the tumour and produces reduced 
toxicity as compared with systemic routes of administra- 
tion [2, 4, 15, 23, 24]. This makes direct administration into 
the tumour an attractive way to increase the therapeutic 
ratio. Pharmacokinetic studies on a number of drugs have 
consistently shown larger tumour concentrations and/or 
reduced plasma concentrations after i.t. administration as 
compared with systemic routes [3, 15, 19, 22]. Drug distri- 
bution within the tumour, however, was found to be non- 
uniform after i.t. administration of hematoporphyrin 
derivative (HPD) [1, 9]. The i.t. administration of cisplatin 
solution resulted in i.t. platinum concentrations 2 - 5  times 
higher than those obtained after i.p. administration, where- 
as total platinum levels in plasma were reduced [15]. How- 
ever, these authors did not measure free platinum levels in 
plasma, which are believed to represent active cisplatin 
metabolites [16, 21], nor did they investigate the distribu- 
tion of platinum within the turnout. 

Slow-release formulations administered i.t. enable 
prolonged local exposure to cytostatic drugs. A number of 
slow-release formulations have been described for cispla- 
tin, including viscous fluid formulations [2, 23, 24], im- 
plants [4, 7, 8], microcapsules [6] and microspheres [18]. 
In a previous report, we demonstrated that i.t. implanta- 
tion of slow-release implants containing cisplatin could 
result in higher tumour responses, depending on the release 
rate, than were obtained after i.t. injections of cisplatin 
solution [4]. 
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Table 1. Characteristics of slow-release rods 

Starch Hydrogel 

ST T3 T2 T1 

Water uptake (% w/w) - 40 14 4 
Length (mm) 4.6 5 5 5 
Diameter (mm) 1.2 1.6 1.6 1.6 
Weight (rag) 7.86 13.47 13.16 12.42 
Cisplatin (% w/w) 9.27 5 4.9 5 
rag/rod 0.73 0.67 0.64 0.62 
Dose (mg/kg) a 24 22 21 21 

a Calculated for a mouse weighing 30 g 

T h e  a i m  o f  t he  p r e s e n t  i n v e s t i g a t i o n  w a s  to s t u d y  the  

p h a r m a c o k i n e t i c s  o f  c i s p l a t i n  a f t e r  i. t. a d m i n i s t r a t i o n  w i t h  

a n d  w i t h o u t  s l o w - r e l e a s e  d e v i c e s  a n d  to c o m p a r e  the  re -  

sul ts  w i t h  t h o s e  o b t a i n e d  u s i n g  c i s p l a t i n  g i v e n  b y  s y s t e m i c  
a d m i n i s t r a t i o n ,  w i t h  e m p h a s i s  o n  f r ee  p l a t i n u m  c o n c e n t r a -  
t ions  in  p l a s m a  a n d  o n  the  d i s t r i b u t i o n  o f  p l a t i n u m  w i t h i n  

t he  t u m o u r .  

injection in the centre of the tumour. The slow-release rods were im- 
planted in a small hole in the centre of the tumour that was made using a 
21-gauge needle. The small size of the insert hole obviated the need for 
sutures, and little or no bleeding or other problems resulted from the 
procedure. 

In vivo release andpharmacokinetics. At predetermined times after drug 
administration, the mice were anaesthetized with an enflurane-oxygen 
mixture. Blood was collected in heparinized tubes by ocular puncture. 
The animal was then killed while still under anaesthesia and the tumour 
was removed. Tile heparinized blood was centrifuged immediately after 
collection so as to obtain plasma, which was then stored at 4 o C. Ultrafil- 
trate was obtained as soon as possible, usually within 30 rain after blood 
collection, by centrifugation (15 mha; 2,000 g) of 200 gl plasma over 
Amicon ultrafiltration membranes (tool. wt. cutoff, 10 kDa). Residues of 
the slow-release implant were then removed from the tumour. Plasma, 
ultrafiltrate, turnout tissue and slow-release devices were stored at -20 ~ C 
until analysis for platinum concentration using FAAS. 

Drug distribution within tumours. At several times after drug administra- 
tion, turnouts were also collected for determination of the i. t. distribution 
of total platinum. The turnouts were excised and immediately frozen on 
dry ice, and then cut with a scalpel into six slices of approximately equal 
thckness (~ 1.3 ram). If present, the embedded slow-release rods were 
removed and the tumour slices were individually analyzed for platinum 
content by FAAS. 

Materials  and methods  

Formulations. Cisplatin was obtained from Ventron (Karlsruhe, FRG) as 
a crystalline powder and was either dissolved in saline (0.9% NaC1) for 
i.p. and i. t. injections or dispersed in slow-release matrices. Solid slow- 
release rods were based either on starch (in collaboration with the Uni- 
versity of Groningen, the Netherlands) or on a new type of hydrogel (see 
[ 17]) based on polyether polymers (in collaboration with TNO, Delft, the 
Netherlands). Characteristics of the slow-release rods are summarized in 
Table 1. The starch rods were prepared by direct compression of a 
powder mixture containing 9.27% cisplatin by weight. For the hydrogel 
rods, three formulations with different water uptakes were studied, i.e. 
4%, 14%, and 40% (w/w) for formulations named T1, T2 and T3, 
respectively. The hydrogels were prepared as rods with a diameter of 
1.6 mm and a length of 5 ram. 

In vitro release. In vitro release of cisplatin from the slow-release devices 
was studied at 37~ in flat-bottomed vials on a shaker. The release 
medium (10 ml) consisted of phosphate-buffered saline (PBS, 0.01 M; 
pH 7.4). Samples (100 gl) were taken at regular intervals and analyzed 
for platinum (Pt) concentration using tameless atomic absorption spec- 
trometry (FAAS). 

Mice and turnouts. Female C3H/ICan and C2H/HeA mice, 8 - 12 weeks 
old and weighing 25 -35  g, were used. The mice were obtained from the 
animal department of the Netherlands Cancer Institute and were bred 
under specific pathogen-free (SPF) conditions. The animals were kept on 
a 12-h lightl2-h dark schedule and were fed standard mice chow and tap 
water ad libitum. RIF1 murine fibrosarcomas were grown s.c. on the 
lower back. The turnout was maintained by the protocol described by 
Twentyman et al. [20]. Tumours were obtained by s.c. inoculation of 
2 x  104 cells in 0.1 ml PBS. The mice were treated when the mean 
diameter of the tumour reached approximately 8 mm. 

Flameless atomic absorption spectroscopy. Platinum concentrations 
were determined in plasma, ultrafiltrate, turnout tissue and the remainder 
of the slow-release devices using a model AA40 atomic absorption 
spectrometer with a GTA 96 graphite tube atomiser with Zeeman back- 
ground correction (Varian; Victoria, Australia). Plasma and ultrafiltrate 
samples were diluted with solutions containing HC1 and 0.15 N NaC1, 
giving a final concentration of 0.2 N HC1. Residues of the slow-release 
rods and turnouts were digested in 65% HNO3 at 170~ in Parr Teflon- 
lined acid-digestion bombs for 2 h. After cooling, excess NaC1 (5 -  
10 rag) was added and the liquid was evaporated under a stream of air at 
100~ Residues were dissolved in 0.2 N HC1 and 0.15 N NaC1. All 
standards were treated in the same way as the samples, either diluted with 
or digested in the appropriate matrix. A four-stage heating program was 
used, consisting of drying at 110 ~ C for 65 s, ashing at 1,400 ~ C for 75 s, 
atomizing at 2,650 ~ C for 3 s and conditioning at 2,550 ~ C for 5 s. Nitro- 
gen was used as the inert gas. 

Data analysis. Both total and free plasma platinum concentrations after 
i.p. and i. t. injection of cisplatin solution were fit to a two-compartment 
open model. Parameters were estimated by non-linear regression using 
the Simplex method (Nelder-Mead Algorithm). The area under the con- 
centration-time curves (AUCs) were calculated using the linear trape- 
zoidal rule. For tile i. t. implanted slow release devices, plasma platinum 
concentrations were analyzed in terms of maximal time (Tmax) maximal 
concentration (Cmax) and AUC. Apparent elimination half-lives were 
estimated from the terminal part of the concentration-time curves [5]. 
The platinum distribution within tumours was calculated by averaging 
the values for the two centre, intermediate and peripheral slices. These 
individual turnout values were then averaged for each group. For statisti- 
cal evaluation of the results, Student's one-tailed t-test for either similar 
or non-similar variances was used after testing for similarity of variance 
had been done using the F-test [11]. Differences were assumed to be 
statistically significant at P <0.05. 

Drug administration. Solutions of cisplatin in saline were injected i.p. or 
i.t. The cisplatin solutions were freshly prepared on each day. Injection 
volumes were 0.01 ml/g body weight for the i. p. route and 0.1 ml/tumour 
for the i.t. route. Cisplatin concentrations in the i.p. and i.t. solutions 
were 0.57 and 1.7 mg/ml, respectively, giving a dose of 5.7 mg/kg in 
both cases, assuming a mouse weight of 30 g. Prior to i. t. drug adminis- 
tration, the mice were lightly anaesthetized with an enflurane-oxygen 
mixture. The hair over the tumours was shaved and the skin, disinfected 
with 70% ethanol For i. t. administration, cisplatin was given by a single 

Results 

R e l e a s e  ra tes  

In  v i t ro  r e l e a s e  f r o m  the  s l o w - r e l e a s e  r o d s  is s h o w n  in  
Fig.  1. T h e  s t a r c h  da t a  h a v e  b e e n  r e p l o t t e d  f r o m  a p r e v i o u s  
p u b l i c a t i o n  [4] a n d  a re  s h o w n  fo r  d i r e c t  c o m p a r i s o n  w i t h  in  
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vivo release data. In vitro release of  platinum from the 
starch rods was rather fast, with almost 100% release oc- 
curring within 2 h (Fig. 1, left panel). For the three hydro- 
gel preparations, release rates ranged from 97% in 1 day 
for the formulation with the greatest water uptake (T3) to 
8% in 4 days for the rods with the least water uptake (T1). 

The same batch of rods was used for i. t. implantation. 
The amount of  platinum remaining in the slow-release rods 
in vivo as a function of time is shown in Fig. 2. Extrapolat- 
ing the data for the starch rods, 100% release would be 
achieved in vivo after approximately 12 h (Fig. 2), which 
was much longer than the equivalent time in vitro of  ap- 
proximately 2 h (Fig. 1). In vivo release fore the T3 hydro- 
gel rods was slightly slower than in vitro release, whereas 
in vivo release from T2 and T1 rods correlated well with 
the in vitro release data. 

Tumour concentrations 

Cisplatin in solution. Tumour platinum concentrations 
after i.p. and i.t. administration of 5.7 mg/kg cisplatin are 
shown in Fig. 3. Tumour platinum concentrations after i. t. 
administration were markedly higher than those after i.p. 
administration at all time points. Platinum concentrations 

were 20 times higher after 5 min and decreased rapidly 
within the 1st hour for i.t. cisplatin. The amount of  plati- 
num recovered from the tumour at 5 min after i. t. adminis- 
tration of 0.1 ml cisplatin solution corresponded to only 
15% of the delivered dose, i.e, 85% of the drug left the 
tumour either during injection or shortly thereafter. After 
l h, tumour platinum levels remained approximately 4- 
fold those obtained following i. p. administration. 

Slow-release devices. The highest tumour platinum con- 
centrations were obtained after i. t. implantation of cispla- 
tin ( 22 -24  mg/kg) in the fastest-release formulations, ST 
and T3 (Fig. 4). For both formulations, turnout platinum 
levels were 100 times those obtained after i.p. administra- 
tion and 30 times the concentrations determined after i.t. 
injection of cisplatin in solution (5.7 mg/kg; Fig. 3). The 
platinum levels per ~ a m  of turnout increased after 2 days, 
when the ST and T3 rods were empty; this was caused by a 
decrease in turnout mass resulting from the killing and loss 
of cells. The absolute amount of  platinum in the turnout 
reached a maximum of 160 gg/tumour 2 days after implan- 
tation of the starch rods, which was approximately 1/3 of 
the delivered dose (approximately 0.7 mg cisplatin or 
0.43 mg platinum). For T3 hydrogel rods, equally high 
amounts of platinum were recovered from the tumour after 
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(right panel) injection of 5.7 mg/kg cisplatin in saline. Average of 3 - 5  
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Fig. 6. Platinum concentrations in the centre (C), intermediate (/) and 
peripheral (P) regions within s. c. RIF1 turnouts after i. t. implantation of 
cisplatin in slow-release hydrodrogel rods with 40% (7"3, lefipanel) and 
14% water uptake (T2, right panel). The cisplatin dose was 21-  
22 mg/kg. Average of 4 mice per point; bars represent _+ 1 SEM 

1.5 days. After the implantation of T1 and T2 rods, maxi- 
mal tumour levels were lower, but the respective values 
remained 2- and 9-fold those observed after i.t. drug ad- 
ministration solution. 

Platinum distribution within the tumour 

Cisplatin in solution. The distribution of platinum within 
tumours is shown in Fig. 5. After i.t. injection of drug in 
solution, the concentrations in the centre of the tumour 
were 3.5 -4.5 times those measured in the periphery of the 
tumor. This concentration gradient remained for at least 
24 h. After i.p. administration, platinum was homo- 
geneously distributed in the tumour (Fig. 5). Platinum con- 
centrations in the rim of the tumour at 60 min after i.t. 
injection were significantly higher than the overall tumour 
platinum concentrations reached after i.p. administration. 
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Fig. 7. Platinum concentrations in murine plasma (total platinum, closed 
symbols) and ultrafiltrate (free platinum; open symbols) after i.p. 
(circles) or i.t. (triangles) injection of 5.7 mg/kg cisplatin in saline. 
Average of 3 - 4  mice per point; bars represent _+ 1 SEM 

After both 15 min and 24 h, platinum concentrations in the 
rim of the tumour remained higher than those obtained 
after i.p. administration, although statistical significance 
was not reached. 

Slow-release devices. Platinum distribution within the 
tumour after i.t. implantation of cisplatin in slow-release 
devices is shown in Fig. 6. After administration of the 
hydrogel T3, platinum levels in the centre of the tumour, 
excluding the rod itself, were 20-40 times those in the 
peripheral parts of the tumour. As measured from the 
centre to the intermediate regions, platinum concentrations 
decreased from approximately 400 gg/ml to 40 gg/g 
(Fig. 6). Concentrations in the different parts of the tumour 
increased after 4 days due to the killing and loss of cells, 
but the concentration gradient between centre and periph- 
eral parts remained approximately constant. For the hydro- 
gel T3, platinum concentrations in peripheral tumour slices 
were of the same magnitude as those obtained after i.t. 
administration of cisplatin solution (Fig. 5). 

For T2 rods, the platinum distribution was also inho- 
mogeneous, with concentrations in the centre of the tumour 
being approximately 20 times those in the periphery 
(Fig. 6). The levels in the different tumour slices were 
lower than those measured after administration of cisplatin 
in T3, which is in accordance with the lower total platinum 
levels found in the tumour (Fig. 4). Platinum concentra- 
tions in the different tumour slices after 14 days were low- 
er than those obtained after 4 days, although the amount of 
platinum per tumour had increased; this was caused by 
tumour regrowth. After administration of the slower-re- 
leasing hydrogel T2, platinum concentrations in the pe- 
ripheral slices were lower than those observed after i.t. 
administration, although the differences were not statisti- 
cally significant. 

Plasma concentrations 

Cisplatin in solution. The concentration-time curves for 
total and free platinum in plasma after both i.p. and i.t. 
injection had similar shapes (Fig. 7), which could be de- 



Table 2. Pharmacokinetics N'ter i. t. and i. p. administration of cisplatin in 
solution (5.7 mgjkg) 

Total Pt Free Pt 

i.p. i.t. i.p. i.t. 

A (gg/ml) 11.67-+2.671 10.69+2.76 16.77-+2.09 9.89-+2.21 
c~(h q) 3.59_+0.72 5.32_+1.1 4.71_+0.01 4.64_+0.42 
B (gg/ml) 1.48_+0.17 1.19_+0.1 0.064_+0.01 0.04_+0.014 
~3(h <) 0.02_+0.003 0.022_+0.002 0.16_+0.05 0.17_+0.083 

AUC (gg h ml-Z): 
0-96 h 66.7 47.9 
0- 6h 11.46 9.11 3.38 2.19 

Data represent the mean _+ SE. Plasma platinum data were fit to a 
two-compartment open model. A, zero time intercept, first compartment; 
B, zero time intercept, second compartment; 
cq elimination rate constant, first compartment; 
~, elimination rate constant, second compartment 

351 

Table 3. Pharmacokinetics of platinum in murine plasma after i. t. admin- 
istration of cisplatin in slow-release devices 

Dose T . . . .  Cmax AUC (intmwal) 
(mg/kg) (h) (gg/ml) (pg h m1-1) 

Total plasma Pt: 
ST 24 8 2.11_+0.08 93 (0-72 h) 
T3 22 36 1.14_+0.21 118 (0-192 h) 
T2 21 48 0.44_+0.16 101 (0-504 h) 
T1 21 72 0.28+0.09 35 (0-348 h) 

Free Pt: 
ST 24 4 0.45 +_0.09 6.l (0-24 h) 
T3 22 4 0.34+0.09 4.4 (0-48 h) 
T2 21 48 0.02 - 

TI 21 - <0.0t6 - 

Data represent the mean _+ SE 

scribed by a two-compartment open model (Table 2). No 
absorption phase was observed after administration by ei- 
ther route, indicating that uptake in the systemic circulation 
from each site was rapid. Platinum plasma concentrations 
were consistently lower after i.t. administration than after 
i.p. administration, resulting in a reduced AUC. Systemic 
exposure to total and free platinum after i.t. administration 
of cisplatin was calculated from the AUC values to be 
approximately 65% and 75%, respectively, of the i.p. 
values (Table 2). 

Slow-release devices. Plasma platinum concentrations 
after i.t. implantation of slow-release devices with cispla- 
tin are shown in Fig. 8. The highest peak plasma concen- 
trations were obtained using the fast-release formulations 
ST and T3. Although plasma levels were initially lower 
after the implantation of T2, the AUC for total plasma 
platinum was approximately the same as that found for T3 
(Table 3). The AUC for T1 was much lower. This indicates 
that the total platinum exposure obtained with T2 and T3 
was similar, although the exposure duration was markedly 
different. The lower values observed for T1 are in agree- 
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of cisplatin in slow-release rods. Left panel; total (closed symbols) and 
free (open symbols) platinum concentrations after implantation of starch 
(ST) rods. Right panel: total platinum after i. t. implantation of cisplatin 
in hydrogel rods. Cisplatin dose was 21-24 mg/kg. Average of 2-4 
mice per point; bars represent +_ 1 SEM 

ment with the high level of platinum remaining in this 
formulation at 14 days, at which time the animals had to be 
killed because of regrowing tumour. 

Ultrafiltrate (free) platinum levels could be measured 
at day 1 and 2 after administration of ST and T3, with 
maximums of 0.45 and 0.34 gg/ml, respectively, being 
achieved. Ultrafiltrate platinum concentrations obtained 
with the slower formulations (T2 and T1) were very low, 
being either of the same magnitude as or lower than the 
detection limit of the FAAS procedure. 

Discussion 

The rationale for i.t. drug administration is the simul- 
taneous achievement of higher drug concentrations in the 
tumour and decreased systemic exposure. The present 
study found that tumour platinum concentrations after i.t. 
injection of cisplatin were 3 times those measured after i. p. 
administration. This is in agreement with the 2 - 5  times 
higher tumour platinum concentrations reported by others, 
who also measured decreased total serum platinum con- 
centrations [15]. These authors did not discriminate be- 
tween total and free platinum, the latter being believed to 
represent active (i. e. cytotoxic) platinum species [16, 21]. 
In the present study, both total and free plasma platinum 
concentrations were reduced after i.t. administrations, re- 
sulting in a reduction in systemic exposure to active plati- 
num species to 70% of the value observed after i.p. injec- 
tion. These pharmacokinetic data are consistent with the 
increased tumour response and reduced animal toxicity 
previously reported for i.t. cisplatin solutions [2, 4, 15, 
23, 24]. 

Tumour platinum concentrations after i. t. implantation 
of the faster-release ST and T3 rods (100% release within 
24 h) reached levels 100 and 30 times those measured after 
i.p. or i.t. administration of drug in solution, respectively. 
The cisplatin dose given to the mice in slow-release rods 
was only 3.9 times higher. The slower-release formulations 
(duration of drug release, >3 weeks) resulted in lower 
tumour concentrations. Tumour response and animal toxic- 
ity data obtained after i.t. implantation of these slow-re- 
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lease devices in s.c. RIF1 murine tumours have been re- 
ported elsewhere [4]. For equal doses of  cisplatin, both 
tumour response and animal toxicity were found to 
decrease with decreasing release rate. The maximum toler- 
ated dose therefore increased with decreasing release rate. 
It is apparent that there is a threshold of release rate below 
which no biological effect is achieved. The slowest-releas- 
ing T1 rods produced a significant plasma AUC (Table 3) 
without inducing weight loss [4]. Peak plasma levels may 
correspond better with toxicity, since T1 rods were the 
only formulation that produced neither measurable free- 
platinum levels in plasma nor toxicity. 

At maximum tolerated doses delivered with i.t. im- 
planted slow-release devices, the tumour responses ob- 
served were greater than those noted after i.t. and i.p. 
injections. This is consistent with the relative plasma and 
tumour levels achieved for these two modes of treatment. 
For the hydrogel rods, the doses used in the present study 
were well below the maximum tolerable doses, whereas 
that for the ST rods was approximately equal to the maxi- 
mum tolerated dose for this treatment [4]. 

In the present study, platinum distribution within the 
turnout was found to be non-uniform after i.t. administra- 
tion of cisplatin, whether in solution or in slow-release 
implants, whereas uniform i. t. distribution of platinum was 
found after i.p. drug injection. Whereas i.t. injection of 
dissolved cisplatin resulted in platinum concentrations in 
the centre of  the tumour that were 3.5-4.5 times those 
observed in the outer rim, i.t. implantation of slow-release 
devices resulted in a much larger platinum-concentration 
gradient. These data represented average values obtained 
in tumour slices of  1.3 m m  thickness at early time points. 
Platinum-concentration gradients on a sub-millimeter scale 
would probably be larger. These data are consistent with 
the limited distance reported for cisplatin diffusion into i. p. 
tumours after i.p. chemotherapy [12, 13]. They are also 
consistent with the platinum-concentration profile obtain- 
ed after microinfusion of cisplatin in rat brain [10], which 
was modelled as a linear diffusion-reaction-permeation 
process [14]. In this model, the rapid reaction of cisplatin 
with macromolecules produces bound platinum species 
that diffuse very poorly and is one of the major reasons for 
the steep concentration profile obtained [14]. 

The improved platinum distribution within the tumour 
after i. t. administration of cisplatin in solution as compared 
with that observed after i.t. implantation of cisplatin in 
slow-release devices may have been caused by the rela- 
tively large volume of aqueous fluid that was injected with 
the drug solution (0.1 ml in a tumour volume of 0.5 ml); 
thus, convective fluid flow may have subsequently con- 
tributed to drug distribution. These factors were obviously 
not involved after implantation of the show-release dev- 
ices. 

The studies on platinum distribution indicate that in the 
RIF1 tumour model, drug distribution within the tumour is 
not a problem after administration of cisplatin via a sys- 
temic route, but that tumour response is indirectly limited 
by systemic toxicity (i. e. the drug dose). With the slow-re- 
lease implants, it is not clear whether the platinum concen- 
tration in the periphery of the tumour was caused by expo- 
sure to platinum through its direct diffusion within the 

tumour or by exposure via the systemic circulation. The 
lowest platinum level within the tumour, i.e. in the outer 
rim after i.t. implantation of slow-release devices in the 
centre, determines the overall tumour response. This might 
explain why no effect on the tumour was obtained with the 
T1 hydrogel rods [4], although the latter produced average 
tumour platinum concentrations that were higher than 
those observed after i.t. administration of cisplatin in solu- 
tion. Experiments are under way to address this question. 

The results of  this work show that i. t. administration of 
cisplatin results in mmour drug concentrations higher than 
those obtained after i. p. administration, even in peripheral 
parts of the tumour. After i. t. implantation of slow-release 
devices containing cisplatin, tumour drug concentrations 
can increase further and plasma levels can decrease, but the 
drug distribution within the tumour may become the limit- 
ing factor. 
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