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Population pharmacokinetics and pharmacodynamics 

Introduction 

In recent years the multi-modality treatment of cytoreductive surgery combined with intra
operative Hyperthermic IntraPEritoneal Chemotherapy (HIPEC) has been applied for a 
variety of malignancies.' Cytoreductive surgery is carried out to reach residual tumour 
dimensions less than 2.5 mm. Intraperitoneal chemotherapy has the advantage that a high 
local dose of the cytostatic drug can be applied while systemic exposure remains limited. Per
fusion is performed to produce optimal distribution of the chemotherapy and hyperthermia in 
the abdomen. Hyperthermia is known to enhance the cytotoxicity and improves the penetra
tion depth of cytostatic drugs. Several cytostatic agents have been used in this procedure de
pending on the type of malignancy. In our Institute mitomycin C (MMC) has been used for 
both colorectal cancer and pseudomyxoma peritonei.2! MMC was chosen because of its mod
erate to large molecular weight and water solubility, its relatively rapid clearance from the 
systemic circulation, its described effectiveness in colorectal cancer and because its effec
tiveness can be enhanced by (mild) hyperthermia.4 6 The pharmacokinetics of mitomycin C 
has been characterized previously in our Institute; the mean ratio of the area under the curve 
in perfusate and plasma (AUC rfusai/ AUC |asma) was 13 [unpublished observations]. It is diffi
cult, however, to compare all reported data on pharmacokinetics because different treatment 
regimens and different perfusion techniques (e.g. duration of perfusion and degree of hyper
thermia) have been applied.7 §0 

The aim of this study was to characterize the population pharmacokinetics and pharmacody
namics of mitomycin C during HIPEC. It was investigated whether specific demographic 
and/ or pathophysiological factors correlate with the pharmacokinetic behaviour of the com
pound during HIPEC. Furthermore, relationships between pharmacokinetics and pharmaco
dynamics were evaluated. Knowledge of these relationships can contribute to rationalize the 
dosing further and may lead to a more accurate dose advice. 

Methods 

Patients and treatment 

Currently, in The Netherlands Cancer Institute/ Antoni van Leeuwenhoek hospital, patients 
with peritoneal carcinomatosis of colorectal origin or pseudomyxoma peritonei are treated 
with cytoreductive surgery combined with HIPEC.2! In this study 47 patients were included. 
The surgical procedures were performed between December 1998 and June 2000. Patient 
characteristics are given in Table 1. The treatment protocol was approved by the ethics com
mittee of the Institute. 
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Table 1. Patient characteristics. 

Number of patients 
Pseudomyxoma peritonei 
Peritoneal carcinomatosis 

Sex: male 
female 

WHO: 0 
1 
2 

Age (years) 
BSA (m:) 
Creatinine (u,mol/L) 
Bilirubin (p.mol//L) 
Alk. phosph. (U/L) 
AS AT (U/L) 
ALAT (U/L) 
7-GT (U/L) 
LD (U/L) 

47 
25 
22 

19 
28 
31 
11 
5 

54 ± 12(mean±SD) 
1.84 ±0.21 

74 ±26 
7.5 ± 3.9 

103.3 ±34.4 
21.0±8.2 
24.6 ± 20.6 
42.0 ± 39.6 

289.3 ± 49.3 

Normal values 

40-95 u-mol/L 
< 16 (xmol/L 
40-120 U/L 
<40 U/L 
<45 U/L 
<35 U/L 
<450 U/L 

Surgery and HIP EC procedure 

Aggressive surgical cytoreduction was performed with the aim to reach complete resection 
or. if not possible, to resect all visible tumour lesions larger than 2.5 mm. When necessary, 
peritoneotomy procedures were performed and if this was not possible, the malignancy was 
peeled from the surface of an organ or the involved organ or a segment was excised. 
After completion of the cytoreductive surgery the perfusion system was set up (Figure 1).: 

A Tenckhoff inflow catheter and 3 silicone outflow catheters were placed in the peritoneal 
cavity. A temperature sensor was attached to each catheter. The catheters were connected 
with a fluid filter, roller pump and heat exchanger. Thereafter the perfusion system was filled 
with an isotonic dialysis fluid (DianeaP PD1. Baxter. Uden. the Netherlands). The skin sur
rounding the laparotomy wound was attached to a retractor ring placed above the abdomen. 
At the same time a plastic sheet was sutured to cover the wound to prevent heat loss, drug 
spillage and environmental contamination with the drug. When needed, more perfusion fluid 
was added to the basic volume of 3 litres, until the peritoneal cavity was completely filled. 

Centrally in the plastic cover, a hole was made just large enough to allow entrance for the sur
geon's hand to stir the abdominal contents to promote the fluid distribution. When a temper
ature of 40-41°C was reached in all regions, the MMC (35 mg/nf with a maximum of 70 mg) 
was added in 3 divided doses. First 50% of the total dose was added, followed by 25% of the 
initial dose after 30 and 60 minutes. The body temperature, measured in the pharynx was 
maintained below 39.5°C. If the core temperature approached 39.5°C, the temperature of the 
perfusion fluid was reduced to 40°C. After completion of the perfusion, the Tenckhoff 
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Heat exchanger 
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Figure 1. Schematic overview of hyperthermic intraperitoneal perfusion with mitomycin C. 

catheter and temperature probes were removed, and the excess fluid was drained from the 
abdominal cavity. The outflow drains were left in place for postoperative drainage. After 
bowel continuity repair, the abdomen was closed using standard procedures. Blood loss 
was calculated as measured blood loss and estimated blood loss by weighting gauzes to
gether. 

Pharmacokinetic sampling and bioanalytical procedure 

During and after completion of the perfusion, samples of the perfusion fluid and plasma were 
collected for MMC measurements (perfusate 1-5-10-15-30-35-45-60-65-75-90 min. and 
blood 1-5-10-15-30-35-45-60-65-75-90-120-180-240 min. and 18 hrs after the start of the 
perfusion). After centrifugation for 10 minutes at 1000 g. the supernatant perfusate and plas
ma samples were separated and stored at -30°C until analysis. The samples were analysed 
by a validated reversed-phase high-performance liquid chromatographic (HPLC) assay with 
ultraviolet detection at 365 nm. Perfusate samples (0.1 ml) were diluted with mobile phase 
before injection; the lower limit of quantification was 400 ng/ml. Plasma samples of 0.5 ml, 
supplemented with porfiromycin as an internal standard, were subjected to protein preci
pitation using methanol. After evaporation and reconstitution of the extract, the MMC con
centrations were measured with HPLC, the lower limit of quantification in plasma was 10 
ns/ml. 
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Figure 2. Pharmacokinetic model for HIPEC. 

Population pharmacokinetic analysis 

Pharmacostatistical population analysis was performed with the non-linear mixed-effect-
modelling (NONMEM) program (double precision; version V, level 1.1)." The first-order 
conditional estimation (FOCE) method was used with the INTERACTION option." All 
concentration data were fitted simultaneously to a pharmacokinetic model describing the 
kinetics in both perfusate and plasma. The time profiles of MMC concentrations in the 
perfusate and plasma were described using a one-compartment kinetic model with first-order 
elimination and a two-compartment kinetic model with first-order absorption and elimina
tion, respectively (Figure 2). The pharmacokinetics of MMC in the perfusate were parame-
terised in terms of VI and K12, corresponding to the volume of distribution of the perfusate 
compartment and the transfer rate constant from the perfusate to the plasma compartment. 
Plasma pharmacokinetics was described in terms of volume of distribution of the central 
plasma compartment (V2), clearance from the central compartment (CL), volume of distri
bution of the peripheral compartment (V3) and inter-compartmental clearance (Q). Since 
MMC was administered intraperitoneally, the plasma terms "volume of distribution" and 
"clearance" represent the ratios of these parameters (V2, V3, CL, Q) to the unknown 
bioavailability. 

Inter-patient variability of the pharmacokinetic parameters was estimated using a proportion
al error model. For instance, inter-individual variability in V2 was estimated using: 
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V2=V2pop(l +t\) 

in which i represents the number of the individual, V2 is the central plasma volume of the i" 
individual, V2 is the V2 value of a typical individual and r\ is the inter-individual random 
effect with mean 0 and standard deviation co. The difference between the observed concen
tration in the perfusate (Cobs) and its respective prediction (Cpred) was modelled with a pro
portional error model: 

Cobs = Cpred * (1 + e) 

where e is an independent random variable with mean 0 and standard deviation cr. For plasma 
an additive error model was used: 

Cobs = Cpred + e 

Individual empirical Bayesian estimates of parameter values were obtained from a basic 
pharmacokinetic model with no demographics/covariates included using the POSTHOC op
tion in NONMEM. For each subject, individual pharmacokinetic parameters were calculated 
taking both individual observations and population parameters into account.12 The individual 
estimates were plotted against demographic/ pathophysiological/surgical characteristics for 
visual inspection using Xpose (version 3.0)," as implemented in the statistical program S-
plus (version 2000 Professional Release I. Mathsoft, Inc.)- All covariates were tested for in
clusion in the population pharmacokinetic model by separate addition into the structural 
model. Continuous variables were normalized to their median value: for instance, the rela
tionship between plasma clearance and body surface area (BSA) was described as follows: 

were CL is a typical population value of CL, 6 a is CLx of a patient with BSA of 1.80 m' 
and 9CLBSA is an exponent. For example, with BSA =1.80 m:, CL is 6([; for a patient with 
BSA 2.00 nr, CL is 6 x 1.11 "Cl "SA. Dichotomous patient characteristics were modelled 

pop CI. ' 

as follows. For instance, a possible relationship between V2 and gender (SEX) was evaluated 
using: 

V 2 = Q v : * « W S H X 

in which V2^ represents the population value, 0V, is V2 for females (exponent SEX=0) and 
0V2SEX represents the change of V2 for males (exponent SEX=1). 

The objective function was used to evaluate the increase in goodness of fit of the model. The 
objective function is approximately proportional to minus two times the logarithm of the like
lihood of the data. A decrease of at least 3.8 identified a covariate as being significant 
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(p<0.05). This criterion is based on the objective function having an approximate chi-squared 
distribution with 1 degree of freedom. During backward elimination (with all the significant 
covariates in a multivariate intermediate model) a stricter criterion was used (p<0.001): an in
crease in objective function of more than 10.8 was required for retention of a covariate in the 
final model. 

Model validation 

The developed model was not solely used for the description of the pharmacokinetic profile 
and the quantification of pharmacokinetic variability within and between patients, but was al
so applied for investigation of pharmacokinetic-pharmacodynamic relationships. Therefore, 
a test of the stability of the model is recommended.14" In the present study, the bootstrap re
sampling technique was applied as an internal validation. Basically, bootstrap replicates are 
generated by random sampling of approximately 65% from the original data set with re
placement. The replicate data sets were fitted to the final model using bootstrap option in the 
software package Wings for NONMEM (by N. Holford, Auckland, New Zealand, available 
through the internet) and parameter estimates for each of the replicate data sets were thus ob
tained. The stability of the model was evaluated by visual inspection of the distribution of all 
of the model parameters and by comparing the mean parameter values and standard devia
tions of the bootstrap replicates with the typical values of the original data set. 

Pharmacokinetic-pharmacodynamic relationships 

Individual plasma AUC values were obtained by integration of the individual profile from 
time=0 to infinity. The pharmacodynamic parameters of interest were plotted against the in
dividual AUC values. Haematological toxicity, according to the Common Toxicity Criteria""1, 
was evaluated using the percentage decrease (%decr) in white blood cell counts and throm
bocytes. Percentage decrease was calculated using the equation: 

% decrease = ( P r e t r e a t m e n t v a l u e - value of the nadir) * \QQC/C 

pretreatment value 

The relationships between the haematological toxicities and exposure were fitted to a loga
rithmic model and a sigmoidal maximum effect (sigEmax) model, using the statistical pro
gram SPSS (version 6.1 for Windows, 1994). The logarithmic model was: 

% Decrease = bO + bl*ln(AUC) 

The sigmoidal Emax model was: 

% Decrease = (Emax) (AUC)-

(AUC J +(AU01 
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In these equations, bO denotes the intercept of the model and bl represents the slope. Emax 
denotes the maximal effect and was fixed at 100%, AUC is the pharmacokinetic parameter of 
interest, AUC5U is the value of the AUC that results in 50% of the maximal effect, 7 is the Hill 
coefficient, which describes the sigmoidity of the curve. 

Results 

Surgical procedure 

The characteristics of the surgical procedure are shown in Table 2. The mean duration of the 
surgery was 8.8 hours, including 90 minutes of perfusion. The mean blood loss was 5.9 litres. 
The largest part of blood loss occurred in the first part of the procedure because aggressive 
surgery was executed. During perfusion and bowel continuity repair blood loss was mild. 

Tumour extension was recorded in 7 separate abdominal regions: left and right subdiaphrag
matic-, subhepatic-, omentum/transverse colon-, small intestine/mesenterium-, ileocoecal-
and pelvic-region. Extent of cytoreduction: 0= no tumour left behind, l=tumour left but not 
larger than 2.5 mm, 2=tumour left larger than 2.5 mm (incomplete resection). 

Population pharmacokinetic analysis 

MMC was undetectable in all 18 hr samples and, consequently, those samples were excluded 
from analysis. Time profiles of MMC concentrations in perfusate and plasma are given in 
Figure 3. Concentration data of all 47 patients were analysed simultaneously. Concentration-
time profiles of perfusate and plasma were adequately described using a 1- and 2-compart-

Table 2. Surgical characteristics of 47 

Parameter 

Duration surgery (hours) 
Blood loss (L) 
Mitomycin C dose (mg) 
Perfusate volume (L) 

Number of affected regions 
0-1 
2-4 
5-7 

Extent of cytoreduction 
0 
1 
2 

Bowel anastomoses 

procedures. 

Mean ± SD 

8.8 ±2.0 
5.9 ±4.2 

63 ±8 
3.7 ±1.0 

N 

3 
17 
27 

17 
24 
6 

2 (0-6) 
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ment model, respectively. The population pharmacokinetic (PK) parameter estimates of the 
basic model (without covariates) are presented in Table 3, column 1. 

All PK-parameters were estimated with adequate precision (CV< 20%) and intra-individual 
variability was low (9.0% in perfusate and 0.028 mg/L in plasma). Inter-individual variability 
could be estimated for VI, K12, V2, CL and V3 and was moderate ranging from 23 to 55%. 
The data did not contain enough information to estimate inter-individual variability for Q. 
Separate introduction of the following covariate-PK parameter relationships improved the 
population pharmacokinetic model significantly (p<0.05): VI: duration surgical procedure, 
perfusate volume, blood loss; K12: duration surgical procedure; V2: duration surgical proce
dure, perfusate volume, blood loss; CL: age, BSA, duration surgical procedure; V3: age, 
BSA. 

The significant covariates were combined in an intermediate multivariate model. The follow
ing relationships were significant (p<0.001) after the backward exclusion: VI: perfusate vol
ume; V2: duration surgical procedure; CL: BSA. The resulting model equations for VI, V2 
and CL were: 

Table 3. Population pharmacokinetics parameters of mitomycin C during HIPEC. CV= coefficient of 
variation. 

Parameter 

VI 
6 VIVO!. 

K12 
V2 

V2-DUR 

CI 

e 
CL-BSA V3 

Q 
Inter-individual va 
VI 
K12 
V2 
CI 
V3 
Intra-individual va 
Perfusate: 
Proportional error 
Plasma: 
Additive error 
Objective function 

Unit 

L 

min' 
L 

L/min 

L 
L/min 

iability 
% 
% 
% 
% 
% 

liability 

% 

mg/L 

Basic model 
Estimate (CV) 

4.36 (4%) 
-
0.0134(4%) 
23.9(10%) 
-
0.521 (5%) 
-
35.1(6%) 
1.19(9%) 

22.6(13%) 
27.3(14%) 
55.1(15%) 
33.3(12%) 
31.4(20%) 

8.99 (5%) 

0.0282 (7%) 
5189.0 

Final model 
Estimate (CV) 

3.98 (4%) 
0.588 (33%) 
0.0135 (4%) 
21.7(9%) 
1.47 (24%) 
0.502 (5%) 
1.63 (24%) 
35.2 (6%) 
1.19(9%) 

16.0(20%) 
27.8 (14%) 
43.4 (12%) 
26.7 (12%) 
31.6 (22%) 

9.01 (5%) 

0.0282 (7%) 
5124.5 

Bootstrap results (n= 
Mean (CV) 

3.92 (5%) 
0.577 (27%) 
0.0142 (6%) 
21.8 ±(9%) 
1.41 (26%) 
0.527 ± (7%) 
1.460(22%) 
37.2 (8%) 
1.31 (22%) 

17.1 (32%) 
29.3 (16%) 
58.3 (12%) 
42.7(18%) 
39.3 (28%) 

10.3(8%) 

0.0343 (8%) 

=500) 
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v\ = 3 98 • (Perfusatevolume \o.s8sL 

3Ï) 

CL = 0.502 • («J)'*3 L/min 

V2 = 21 7 • (durationy.47L 

8.0 

Final population pharmacokinetic parameters are summarized in Table 3, column 2. Intro
duction of the covariates reduced unexplainable inter-individual variability in VI, V2 and CL 
from 23 to 16%, 55 to 43% and 33 to 28%, respectively. A visual indication of goodness of 
fit of the final model can be seen in Figure 4. 

The model predicted concentrations plotted versus the observed concentrations (left plots) 
are symmetrically distributed around the line of unity. The individually (Bayesian) predicted 
concentrations plotted versus the observed concentrations are on the line of unity indicating 
an adequate fit of each individual concentration versus time curve. Furthermore, no trends 
were present in the weighted residuals versus time plots (not shown). 
Plots of Bayes estimates versus covariates are given in Figure 5. The plots illustrate that plas
ma clearance of MMC increased from 0.35 to 0.7 L/min in patients with BS A ranging from 
1.4 to 2.2 m2. Individual Bayesian estimates were averaged yielding the following values: VI 
4.5 ± 1.1 L, K12 0.014 ± 0.003 min1, V2 28 ± 16 L, CL 0.55 ±0.18 L/min and V3 36 ± 8 L 
(mean ± SD, n=47). The AUC for perfusate and plasma were 630 ± 130 mg/L*min and 71 ± 
24 mg/L*min, respectively; the ratio of AUC perfusate and AUC plasma was 10.1 ± 4.6. 

Validation 

From the original data set, 500 replicate data sets were generated and used for the evaluation 
of the stability of the final model. Table 3, third column, lists the results of the bootstrap 
procedure, presented as means and % coefficient of variation. Mean values of the bootstrap 
procedure were very similar to the parameter estimates of the original data set, indicating that 
the developed model is stable. 

Pharmacokinetic- pharmacodynamic analysis 

Leucocytes and thrombocytes counts before the HIPEC procedure were 8.5 ± 3.2*10" U/L 
and 384 ± 148*10'' U/L, respectively (mean ± SD, n=47); corresponding nadir values were 
4.9 ± 5.0*107L and 144 ± 61*107L. Grade 3 and 4 leucopenia was observed in 8 and 5 
patients, respectively, whereas 3 patients exhibited grade 3 thrombocytopenia (grade 4 
thrombocytopenia was not observed). 
Relationships between plasma AUC and haematological toxicities are shown in Figure 6. The 
relationship between plasma AUC and the decrease in thrombocytes was best described by 
the logarithmic model (b0=20%, bl=10%, R=0.56), whereas the correlation coefficient of the 
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Figure 3. Time profiles MMC concentrations in perfusate (top; in mg/L) and plasma 
(bottom; in mcg/L). 
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relationship between leucocytes and plasma exposure was higher for the sigmoidal Emax 
model (Emax=91%, AUC50=56 mg/L*min, 7=4.4, R=0.78) than for the logarithmic model 
(R=0.71) (figure 6). No relation between perfusate AUC and the haematological toxicities 
was observed (plots not shown). 
In Figure 6 (right top) the relationship between the plasma AUC and the grade of leucopenia 
is shown. Thirteen of the 47 patients experienced grade 3 or 4 leucopenia (28%) with AUC 
ranging from 33 to 123 mg/L*min. Inspection of the plot indicates that 3 out of the 29 
patients with plasma AUC less than 78 mg/L*min exhibit leucopenia grade 3 or 4 (approxi
mately 10%). This percentage is 20% when only patients with an AUC less than 100 
mg/L*min are taken into account (8 out of 41 patients). 

0 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900 
observed cone. (mcg/L) observed cone. (mco/L) 

Figure 4. Model predicted (left) and individually Bayesian predicted (right) concentrations 
versus observed perfusate (top) and plasma (bottom) concentrations. The line is the line of 
unity 
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Figure 5. Individual Bayes estimates plotted versus patient characteristics. Top: VI versus 
perfusate volume. Middle: V2 versus duration of surgical procedure. Bottom: CI versus 
BSA. The solid lines are smooths. 
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Discussion 

In this study the pharmacokinetics and pharmacodynamics of MMC were characterized 
during hyperthermic intraperitoneal perfusion. The time profiles of MMC concentrations in 
perfusate and plasma were described with an integrated multi-compartment model. Relation
ships between plasma exposure and haematological toxicities were evaluated. 
A major safety issue in studies using perfusion of cavities with cytotoxic drugs for treatment 
of locally disseminated cancers is the resulting systemic drug exposure. The AUC is de
termined by dose, plasma clearance and the fraction absorbed from the peritoneal cavity. On 
basis of the developed pharmacokinetic population model we found a correlation between 
plasma clearance and body surface area. Dosing on square meters body surface is thus justi
fied. In a previous study from our Institute describing the pharmacokinetics of MMC, it was 
advised to calculate a dosage taking into account both the BSA and the volume of perfusion 
fluid [unpublished observations]. This advice was based on the observed wide inter-individ
ual variation in intraperitoneal and plasma MMC concentrations in patients receiving similar 
doses. The large variability in intraperitoneal and plasma exposure was explained by possible 
differences in starting volume (due to differences in body surface, tumour size and pre-exis-
tent ascites) and differences in volume increase of perfusion fluid during the perfusion pro
cedure (due to intraperitoneal blood loss and transudate or exudates). In the present model 
however linear pharmacokinetics were observed indicating that an increase of the peritoneal 
dose results in a proportional increase of plasma exposure and more haematological toxicity. 
Therefore, dosage should not be increased in patients with larger volumes of perfusate fluid, 
despite lower MMC concentrations in the perfusate. Application of the population pharma
cokinetic model allows characterization of the inter-individual variability of the pharmacoki
netic parameters. The estimated variability was moderate ranging from 16-43% (Table 3). 
BSA significantly explained part of the inter-individual variability in clearance. The duration 
of the surgical procedure was positively correlated with the central plasma volume of distri
bution. The population model indicates that the central volume of distribution increases from 
20 to 50 L when the duration of the surgical procedure increases from 6 to 12 hours. This 
finding can probably be explained by the fact that long-during/ extensive surgery is accom
panied by significant blood loss and fluid loss from the abdomen, resulting in the adminis
tration of large volumes of electrolytes and eventual blood transfusion. Extensive surgery 
may also cause a degree of general capillary leak syndrome, resulting in general oedema and 
administration of more intravenous fluids. As a result concentrations of MMC in the plasma 
will be "diluted" and V2 will increase. 

The pharmacokinetic model does not allow estimation of the absorbed dose, since the 
bioavailability is not known. An indication of the systemic dose can however be obtained by 
multiplication of the observed plasma AUC with reported intravenous clearance values. Ver-
weij et al reported clearances in the range of 12 to 42 L/hr/m:. A reported average intravenous 
clearance from 0.8 L/min and an observed average plasma AUC range of 71 mg/L*min corre
spond to an approximately systemic dose of 57 mg indicating that a substantial amount, prob
ably more than 50%, of peritoneal administered MMC is absorbed in the systemic circulation. 
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Figure 6 shows that hematotoxicity is related to plasma exposure. With increasing systemic 
exposure, leucopenia and trombocytopenia will occur more often due to bone marrow 
depression. No relation between perfusate AUC and the haematological toxicities was found. 

From the standpoint of treatment efficacy and safety, the ideal dosage regimen produces a 
maximal AUC in the perfusate whereas concentrations in plasma remain as low as possible. 
The dosage of 35 mg/m2, currently used, produced in 28% of the cases grade 3/4 leucopenia 
(range AUC 32-123 mg/L*min). This percentage is quite high with the knowledge that that 
severe leucopenia together with surgical complications can be fatal. Lowering the dose will 
produce a lower maximal observed AUC plasma and hematotoxicity. At a maximal AUC of 
78 mg/L*min, this percentage will be approximately 10%, a generally accepted percentage. 
However, this can only be reached by lowering the dose with an estimated 30% (to 25 
mg/m2). This may be investigated in further simulation studies with the developed population 
model followed by a prospective clinical affirmation study. 

What consequence may this study have for the medical doctor? The aim of this study was to 
characterize the pharmacokinetics and pharmacodynamics of MMC during HIPEC. Charac
terization of the pharmacokinetic and pharmacodynamic parameters can contribute to ration
alize the dosing during HIPEC and may lead to more accurate dosing. The developed 
pharmacokinetic model may be used to simulate dosage schemes and to evaluate plasma ex
posure. The currently used dose method based on a fixed amount of MMC per m2 BSA ap
peared reasonable with limited to moderate inter-individual variation. The current dose of 35 
mg/m2 resulted in 28% severe leucopenia (grade III/IV). When 10% grade I1I/IV leucopenia 
is accepted the ideal dose of MMC would be approximately 25 mg/m2 (estimation). Further 
simulation studies and clinical studies are needed to come to an exact dose advice. It must be 
emphasized that these findings only hold true for the perfusion system as used in The Nether
lands Cancer Institute. This concerns semi open abdomen, basic perfusate volume of 3 liters, 
perfusion rate of 1 L/min, abdominal temperature of 40°C, 90 minutes of perfusion and three 
drug additions (50% at t=0, 25% at t=30 and t=60 minutes). 

In conclusion, in this study the pharmacokinetics and pharmacodynamics of MMC during 
HIPEC could be fitted with success in a population model. The generated pharmacokinetic 
and pharmacodynamic parameters quantify the distribution and elimination of MMC in mul
tiple compartments of the patient. Based on our model the dose method based on square 
meter BSA appears rational. This model contributes to rationalize dosing and further simula
tion studies can lead to a more accurate dose advice. 

105 



Chapter 7 

References 

1. Witkamp AJ, de Bree E, Van Goethem R, et al. Rationale and techniques of intra-operative hyper
thermic intraperitoneal chemotherapy. Cancer Treat Rev 2001; 27: 365-74. 

2. Witkamp AJ, de Bree E, Kaag MM, et al. Extensive cytoreductive surgery followed by intra-oper
ative hyperthermic intraperitoneal chemotherapy with mitomycin-C in patients with peritoneal car
cinomatosis of colorectal origin. Eur J Cancer 2001; 37: 979-84. 

3. Witkamp AJ, de Bree E, Kaag MM, et al. Extensive surgical cytoreduction and intraoperative hy
perthermic intraperitoneal chemotherapy in patients with pseudomyxoma peritonei. Br J Surg 
2001;88:458-63. 

4. Storm FK. Clinical hyperthermia and chemotherapy. Radiol Clin N America 1989; 27: 621-7. 
5. Rietbroek RC. Hyperthermia in combination with chemotherapy: from laboratory bench to bedside 

[Dissertation]. Amsterdam: University of Amsterdam, 1996. 
6. Halier DG. Chemotherapy in gastrointestinal malignancies. Sem Oncol 1988; 15: 50-64. 
7. Panteix G. Guillaumont M, Cherpin L, et al. Study of the pharmacokinetics of mitomycin C in hu

mans during intraperitoneal chemothermia with special mention of the concentration in local tis
sues. Oncology 1993; 50: 366-70. 

8. Fujimoto S, Shrestha RD, Kokobun M, et al. Pharmacokinetic analysis of mitomycin C for in
traperitoneal hyperthermic perfusion in patients with far-advanced or recurrent gastric cancer. Reg 
Cancer Treat 1989; 2: 198-202. 

9. Jacquet R Averbach A, Stephens AD, et al. Heated intraoperative intraperitoneal mitomycin C and 
early postoperative intraperitoneal 5-fluorouracil: pharmacokinetic studies. Oncology 1998; 55: 
130-8. 

10. Fernandez-Trigo V, Stuart OA, Stephens AD. et al. Surgically directed chemotherapy: heated in
traperitoneal lavage with mitomycin C. Cancer Treat Res 1996; 81: 51-61. 

11. Beal SL. Sheiner LB. NONNEM user's guide, NONNEM project group University of California at 
San Francisco, CA. 1992. 

12. Mandema JW. Danhof M. Electroencephalogram effect measures and relationships between phar
macokinetics and pharmacodynamics of centrally acting drugs. Clin Pharmacokinet 1992; 23: 191-
215. 

13. Jonsson EN, Karlsson MO. Xpose-an S-PLUS based population pharmacokinetic/pharmacody
namic model building aid for NONMEM. Comput Methods Programs Biomed 1999; 58: 51-64. 

14. Ette EI. Stability and performance of a population pharmacokinetic model. J Clin Pharmacol 1997; 
37: 486-95. 

15. U.S. Department of health and Human Serviced, Food and Drug administration: Guidance for in
dustry. Population pharmacokinetics 1999. Available from URL: http://www.fda.gov/cber/gdlns/ 
popharm.pdf. 

16. Cancer Therapy Evaluation Program. Common Toxicity Criteria, Version 2.0, DCTD, NCI, NIH. 
DHHS, March 1998. Available from URL: http://ctep.cancer.gov/. 

17. Verweij J, den Hartigh J, Stuurman M, et al. Relationship between clinical parameters and phar
macokinetics of mitomycin C. J Cancer Res Clin Oncol 1987; 113: 91-4. 

106 

http://www.fda.gov/cber/gdlns/
http://ctep.cancer.gov/

