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Aims The population pharmacokinetics of 3 mAbF19, a radiolabelled murine
monoclonal antibody against fibroblast activation protein and a potential antitumour
stroma agent, were investigated during two phase I studies in cancer patients.
Methods '*'I-mAbF19 serum concentration-time data were obtained in 16 patients
from two studies involving imaging and dosimetry in colorectal carcinoma and soft
tissue sarcoma. Doses of 0.2, 1 and 2 mg antibody were administered as 60 min
intravenous infusions. The data were analysed by nonlinear mixed effect modelling.
Results The data were described by a two-compartment model. Population mean
values were 109 ml h ™' for total serum clearance, 3.1 1 for the volume of distribution
of the central compartment, and 4.9 1 for the volume of distribution at steady state.
Mean terminal half-life was 38 h. Intersubject variability was high, but no patient
covariates could be identified that further explained this variability. In particular, there
was no influence of tumour type or mAbF19 dose.

Conclusions The pharmacokinetics of antistromal mAbF19 were well defined in these
two studies with different solid tumour types, and were comparable with those of
other murine monoclonal antibodies that do not bind to normal tissue antigens or

blood cells.
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Introduction

mAbF19 is a murine monoclonal antibody directed against
fibroblast activation protein (FAP), which is an inducible
tumour stromal antigen of epithelial cancers and a classical
antigen on a subset of soft tissue sarcomas [1, 2]. While
being abundantly expressed in reactive stromal fibroblasts
of >90% of common epithelial cancers, the 95 kDa cell
surface glycoprotein FAP shows a very limited distribution
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pattern in normal tissues and thus exhibits considerable
potential for tumour targeting and therapy [2].

P_radiolabeled mAbF19 has been investigated in two
phase I studies in cancer patients. The first included 17
patients with hepatic metastases from colorectal carci-
noma, and the highly selective expression pattern of FAP
enabled imaging of lesions as small as 1 cm in diameter [3].
The second, hitherto unpublished study was a pilot
investigation of dosimetry and localization in nine patients
with soft tissue sarcoma. Only preliminary pharmaco-
kinetic data for the colorectal carcinoma patients have
been reported [3], and no prior publication has examined
pharmacokinetics of an antibody that targets tumour
stroma, in contrast to antigens or receptors expressed on
tumour cells that might also be present in the circulation
or in normal tissue. Therefore, an analysis is reported
of pooled pharmacokinetic data from these two phase 1
studies of *'I-mAbF19.
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Methods

Pharmacokinetic data were obtained from 7 out of 17
patients from the colorectal carcinoma study (3], and from
the 9 patients from the soft tissue sarcoma study, which
was a pilot investigation of dosimetry and localization of
I_mAbF19 in histologically confirmed primary, recur-
rent or metastatic soft tissue sarcoma. Inclusion criteria,
clinical procedures, informed consent and ethical review
similar for both studies and have been
documented [3]. Eligibility criteria relevant for pharma-
cokinetic analysis were: Karnofsky performance score
(functional activity and well-being) >70% [4], serum
creatinine and bilirubin levels <2 mg dl™' and pro-
thrombintime < 1.3 X control. Important exclusion criteria

were  very

were: prior exposure to mouse immunoglobulin, serious
cardiac disease, serious infection or other serious illness,
and illness requiring the use of steroids or other anti-
inflammatory agents. Baseline characteristics of the patients
were (median and range): age 58 (27—74) years, weight 72
(36-107) kg, body surface area 1.83 (1.33-2.33) m”. Nine
patients were men and seven were women.

Preparation, characterization and radio-iodination of
mAbF19 were as previously described [3]. Doses were
administered intravenously over 60 min. Pharmacokinetic
data were available for the 0.2 mg (n=4) and 2 mg (n=23)
doses in the colorectal carcinoma study. The dose of
mADF19 in the soft tissue sarcoma study was 1 mg for all
patients. Serum samples were taken on 8-11 occasions
between the end of infusion and study day 7. Serum radio-
activity was counted in duplicate in a gamma counter
with decay correction using appropriate standards of ''I.
Coefticients of variation of serum concentrations derived
from the counting procedure were within 1-2%.

Data analysis was by nonlinear mixed eftects modelling
(NONMEM, version V level 1.1) [5] combined with
graphical analysis [6, 7]. A total of 143 serum concentra-
tions was available from 16 patients. An intravenous two-
compartment structural model was used (subroutines
ADVAN3 and TRANS3), parameterized with total serum
clearance (CL), central volume of distribution (1),
volume of distribution at steady state (), and inter-
compartmental clearance (Q). An exponential model was
used for interindividual variabilities (v) of the pharma-
cokinetic parameters, and a proportional model for
the residual (intraindividual) variability (g). % and e are
modelled as random variables with zero mean and
variances > and o7, respectively [5]. The first order
conditional estimates method with interaction was used to
obtain population mean and individual pharmacokinetic
parameters. Other parameters such as half-life were
calculated using standard formulas [8]. Goodness of fit
was judged by the minimum value of the objective
function, the standard errors of the pharmacokinetic
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parameters, the magnitude of their interindividual vari-
abilities and of the residual variability, and by appropriate
diagnostic graphs [5-7].

Results

The combined "'I-mAbF19 serum concentration-time
data from all patients, with the computed population mean
curve at each dose level from the two-compartment
model, are shown in Figure 1. Pharmacokinetic para-
meters and statistics from NONMEM analysis are listed in
Table 1. The parameter standard errors (9-18% CV) and
the residual variability (12.5% CV) indicated a satisfactory
data fit. Plots of predicted vs observed serum concentra-
tions exhibited a random distribution of the data points
around the line of unity, and the weighted residual plots
were essentially trendless. However, the interindividual
variability was high, for example 54% CV for clearance.
Mean values (+s.d.) of relevant secondary pharmacoki-
netic parameters were: initial half life 3.9+ 1.9 h, terminal
halt-life 37.9+12.6 h, proportion of area under the curve
in the terminal phase 84 4+15%. A graphical analysis (not
shown) indicated that there were no evident correla-
tions between pharmacokinetic variables and the follow-
ing study/patient covariates: dose, tumour type, gender,
age, body weight, or body surface area. Linear regression
analysis (not shown) indicated that maximum serum con-
centrations increased proportionally with the dose, and
that CL was independent of dose.
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Figure 1 Pooled serum
from two studies in cancer patients, with population mean curves

at the three dose levels.
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Table 1 Population pharmacokinetic parameters and statistical results, two-compartment model, following the administration of '*'I-mAbF19 to

cancer patients.

Parameter Population mean value Standard error of estimate Intersubject variability (CV) Standard error of variability estimate
CL (mlh™") 109 14.6% 54% 31%

Qmlh™h 142 18.2% :

(1) 3.13 10.8% 37% 49%

Vs () 4.87 9.2% 31% 45%

Residual variability 12.5% 31%

“not in final model.

Discussion

The results show that pharmacokinetic parameters of the
murine therapeutic monoclonal antibody "*'I-mAbF19
could be well defined by combining data from two Phase I
studies in cancer patients, even though tumour imaging
was the primary aim of these studies. Owing to the limited
availability of the patients in the clinical centres, serum
sampling was more frequent early on day 1 at the begin-
ning of the distribution phase of '*'[-mAbF19 than during
the late distribution phase on days 1-2 and the elimination
phase on days 2—7 (Figure 1). However, with the excep-
tion of the time period 624 h post infusion, the kinetic
profile of "*'I-mAbF19 was generally well covered and
the NONMEM program could be used with advantage
to pool data at different sampling times from all patients to
obtain pharmacokinetic population estimates with good
precision (Table 1). The mean value of I7(3.1 1) is close to
the physiological serum volume, and Vj, is slightly higher
(4.9 1), indicating limited extravascular distribution or
binding. All parameters compare well with published
clinical pharmacokinetic data on other murine mono-
clonal antibodies that do not bind to abundantly expressed
normal tissue antigens or to blood cells [9, 10]. This
therefore suggests that there is no accessible FAP antigen
present in the circulation or on normal tissues to influence
pharmacokinetics and tumour targeting.

The pharmacokinetic data reported here are based
entirely on radioactivity derived from the "*'I label of
mADbF19, rather than measurement of mAbF19 protein
via an immunological method. However, previously pub-
lished data indicate that the radiolabel is stably attached to
the antibody protein in such in vivo studies [11]. The long
half-life determined for '*'[-mAbF19 in the present study
is consistent with these findings.

There was no difference in pharmacokinetic para-
meters of '>'I-mAbF19 between patients with soft tissue
sarcoma and colorectal carcinoma, nor was there any dose
dependence of pharmacokinetics. These two factors were
partially confounded, because two doses were used in
the colorectal carcinoma study (0.2 and 2 mg) and an
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intermediate dose in the soft tissue sarcoma study (1 mg).
Nevertheless, an important difference in pharmacokinetics
between the colorectal carcinoma (n=7) and soft tissue
sarcoma patients (n=9) would probably have been
detected. In the colorectal carcinoma study, specific
localization to the tumour and metastases occurred, but
the amount of antibody bound was small compared with
the dose administered [3]. The interindividual pharmaco-
kinetic variability was somewhat higher in the soft tissue
sarcoma study, with a 7.5-fold difference in clearance
estimates across patients from 36 to 273 ml h™ ', than in
the colorectal carcinoma study with a 4.1 fold difference in
CL from 58 to 238 ml h™ ' (individual data not shown).
In the soft tissue sarcoma study, the heterogeneity of the
tumour types and the variability of their expression of
the fibroblast activation protein antigen was also consider-
ably higher than in the colorectal carcinoma study (data
not shown). Soft tissue sarcomas are connective tissue
tumours and, in contrast to colorectal carcinoma, fibro-
blast activation protein is a conventional tumour antigen in
soft tissue sarcoma because it is expressed by the malignant
cells in certain histological subtypes. Fibroblast activation
protein heterogeneity is a characteristic feature in human
soft tissue sarcoma [1], but the present data are not suffi-
cient to allow an assessment of any correlation between
pharmacokinetics and tumour FAP expression.

No other covariates could be identified that influenced
pharmacokinetic parameters. The exact clearance mech-
anism of murine monoclonal antibodies in humans is not
known, but may be mediated hepatically [12]. Significant
renal or hepatic dysfunction, comedication and concomi-
tant disease states were exclusion criteria in these studies
and can therefore be excluded as sources of variability.
Thus, the observed interindividual variability can at
present only be attributed to relatively large random
differences between the study patients. However, the total
number of patients was small, and a larger study might
reveal covariate effects that were not apparent in the
present study population. Thus, data from more patients
are required to identify potential sources of pharmaco-
kinetic variability of mAbF19. This issue will be addressed
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in studies that are currently ongoing with the humanized

form of mAbF19.
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