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Abstract—/In an attempt to increase the predictability and to extend the differential capacity
of the anticancer drug development program the American National Cancer Institute has recently
proposed the introduction of a screening system consisting of human tumor cell lines to select
drugs in a disease-oriented fashion rather than by the previously applied drug-oriented strategy.
Although this new approach offers great advantages, assay limitations can be identified in testing
unknown compounds for antitumor activity in vitro. Human tumor xenografis grown in nude
mice may play an additional role in the prediction of clinical activity and the assessment of the
spectrum of activity of potential anticancer drugs, because they have a better relationship with

the clinical situation of cancer treatment.

In a European multicenter collaboration it has been proposed to use panels of human tumor

lines from solid tumor types lo study:

~—the antitumor activity of three different drugs per tumor type;

—the reliability of ‘preclinical’ phase II studies by comparison of the obtained data with results

of phase II clinical trials,

—the feasibility of this joint project, such as the methodology, the reproducibility of experimental

data and the introduction of uniform activity criteria.

If preclinical phase 11 studies in human tumor lines generate reliable results, this in vivo
screening system will create a unique possibility to better identify promising clinical candidate
compounds or analogs of conventional cytostatic agents as well as those tumor types likely to

respond to the selected investigational drugs.

INTRODUCTION

A NEw drug is considered a candidate for clinical
evaluation of anticancer activity if it has a certain
efficacy in a preclinical screening system. The first
selection of active compounds from a usually large
number of products is carried out through relatively
simple test models and often by the use of only one
model: the primary screen or prescreen. Drugs
active in the primary screen are then subjected to
further analysis of their activity in a secondary
screen, generally consisting of a serics of more
sophisticated test models.

From 1975 until 1985 the screening system for
new anticancer drugs employed by the American
National Cancer Institute (NCI) has consisted of
the in vivo P388 murine leukemia prescreen, because
itappeared to be the most sensitive single test model
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to detect clinically useful anticancer drugs [1-3].
Compounds without minimal activity in P388 were
usually rejected from further testing, unless they
showed activity in other rclevant biological or bio-
chemical test models (‘bypass’ compounds). Com-
pounds with reproducible activity in P388 pro-
ceeded to the sccondary screen formed by a panel
of five to six murine tumor models (lung cancer,
colon cancer, breast cancer, leukemia, melanoma)
and threec human tumor xcnografts grown in nude
mice (lung cancer, colon cancer, breast cancer). In
view of the clinical results for compounds selected
by this drug screening system, it has recently been
concluded that this screen had a low predictive
capacity and had defined a few new anticancer
drugs [3-6]. In addition, most of the clinically
effective drugs were active against sclected tumor
types, mainly leukemias and lymphomas [7]. As a
result of the emergence of a variety of compounds
proven inactive in phase II clinical trials many
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patients have been ‘treated’ with inactive agents.

Obviously, there is a need for a preclinical screen-
ing system with a higher predictive value in the
development of new anticancer drugs. New screens
will have to relate better to the clinical situation
of cancer treatment, and they should be discase-
oriented rather than drug-oriented [8]. In contrast
with the murine tumor models the incorporation of
assays based on human tumor tissuc may not only
improve the correlation between preclinical and
clinical results, but also dctect new compounds
which would have been missed by the P388 pre-
screen. The NCI is presently in the process of
changing its screening policy by the introduction of
a human tumor cell-culture screening system. The
clinical predictive potential of this new approach
has been suggested by experimental data obtained
from the colony-forming assay [9-12]. In the new
primary screen, each tumor type will be represented
by a large panel of in vitro human malignant cell
lines [8]. As for any screening system assay limi-
tations can be identified, such as compounds requir-
ing systemic metabolic activation will be inactive in
vitro, components of the culture medium may reverse
the activity of certain antimetabolites and com-
pounds without in vive therapeutic cfficacy may be
active in the assay. Human tumor xcnografts grown
in nude mice may relate better to the clinical
situation of cancer treatment and thercfore, in
addition to in vitre screening, play an important role
in the prediction of clinical activity and in the
assessment of the spectrum of activity of potential
anticancer drugs [13].

HUMAN TUMOR LINES

We have recently reviewed the value of human
tumor xenografts grown in nude mice as test models
in anticancer drug development [14]. In general,
human tumor lines retain not only the histological,
biochemical and antigenic characteristics, but most
importantly the chemosensitivity pattern of the
tumor tissue of the donating paticnt [14-19]. This
latter property emphasizes the potential value of a
panel of lines as an advanced model to predict the
efficacy of novel agents in a particular malignancy.
The model may also identify active analogs or
analogs with a different spectrum of activity by
comparative cfficacy studies with parent conven-
tional cytostatic agents. Subcutaneously implanted
tumor tissue fragments offer a good visualization
of tumor growth and repcated measurements will
easily indicate volume progression or regression.
Similarly to a phase II trial in patients, for drug
screening the model should contain a variety of lines
per tumor type, cach differing in histology, growth
rate and chemosensitivity. To validate this new
screening system a positive correlation has to be
demonstrated between experimental data and

results of phase II clinical trials, both for clinically

active and inactive drugs.

In Europe, several investigators have gained
expericnce in the establishment of human tumor
lines in nudec mice, their characterization and the
assessment of their sensitivity to conventional and
new cytostatic drugs [16, 19-34]. Collaboration
between these centers would obviously facilitate and
accelerate experiments in order to evaluate the
potential and to define the specific role of human
tumor xenografts in the screening of new compounds
in specific malignancies. The reliability of this
cxperimental approach will be determined in panels
of human tumor lines from scveral tumor types
present in the participating institutes by studying:
—the antitumor activity of three different drugs per

tumor typc;

—the reliability of ‘preclinical’ phase I studics by
comparison of the data obtained with results of
phase I1 clinical trials;

—the feasibility of this joint project, such as the
methodology, the exchange of data and the intro-
duction of uniform activity criteria.

If the study is successful, this multicenter collabo-
ration will create a unique possibility to better select
promising clinical candidate compounds and indi-
cate those tumor types likcly to respond to the
investigational drugs selected by this human tumor
tissue-based in vive screening system.

PRECLINICAL PHASE II STUDIES:
OBJECTIVES
The purpose of the experimental approach is a

Europcan multicenter collaboration to determine

the predictive value and the feasibility of preclinical

phase II studies in human tumor lines. Participants

are indicated in Table 1.

1. Tumor types to be studied are: lung cancer
{small cell and non-small ccll), colorectal cancer,
ovarian cancer, melanoma, breast cancer, head
and neck cancer, and soft tissue sarcoma. Each
tumor type will be represented by eight human
tumor lines grown in nude mice and differing in
histological subtype, growth rate and sensitivity
to cytostatic drugs.

2. The activity of three different drugs, adriamycin,
m-AMSA and DuP 785, will be assessed with
the use of one treatment schedule for cach agent.

3. Preclinical activity criteria have to be evaluated
and discussed in order to be able to compare
experimental data with clinical findings of phasc
IT evaluation of these drugs in the respective
tumor types. In parallel a variety of activity
measurements, such as ‘specific growth delay’
and ‘optimal growthinhibition’ will be calculated
and compared. A choice of the most appropriate
evaluation criterium should be possible at the
end of these studies.
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Table 1. Participants in the phase 11 preclinical European multicenter project

Name Center, city and countr Tumor types
y y yp!
G. Atassi* Institut Jules Bordet,
Brussels, Belgium
E. Boven* Free University Hospital, Ovarian cancer,

Amsterdam, The Netherlands

B.J.M. Braakhuis Free University Hospital,

Amsterdam, The Netherlands

V. Budach Strahlenklinik, Essen,
Federal Republic Germany

H.H. Fiebig* Albert-Ludwigs University,
Freiburg, Federal Republic
Germany

. Fodstad* Norwegian Radium Hospital,
Oslo, Norway

S.B. Kaye University of Glasgow,
Glasgow, United Kingdom

J.F. Smyth Western General Hospital,

Edinburgh, United Kingdom

M. Spang-Thomsen University of Copenhagen,

Copenhagen, Denmark

soft tissue sarcoma

Head and neck cancer

Soft tissue sarcoma

Lung cancer, breast cancer,
colon cancer, ovarian cancer,
melanoma

Melanoma, soft tissuc sarcoma,
lung cancer
Lung cancer

Lung cancer

Breast cancer, lung cancer

*Participants contributing to the pilot study.

4. Assessment of the feasibility of this joint project
will be carried out considering the influence of
various aspects related to the institutes, such as
laboratory facilities, differences in nude mouse
strains (drug pharmacology), characteristics of
tumor lines, methods of treatment and evalu-
ation, and ecxchange and reproducibility of
experimental data.

PLAN OF INVESTIGATION

Animals

Participants will use the nude mouse strain avail-
able in their laboratories. The animals are main-
tained in isolation under sterile conditions. Animal
handling is carried out in a laminar flow hood.

Tumor lines

At first, a pilot study will be carried out by four
participants {Table 1) in a series of four lines derived
from lung cancer (small cell and non-small cell),
melanoma, ovarian cancer, colorectal cancer and
breast cancer in order to adjust experimental
methods. In the plan described for each tumor type,
eight tumor lines will be chosen for representative
characteristics based on histological subtype, tumor
doubling time and chemosensitivity pattern.
Chemotherapy experiments will be divided evenly
among participants for which is is necessary that a
number of lines are transferred to other institutes.
Human tumor lines will be studied as subcutaneous
bilateral implants (fragments 2-3 mm in diameter)
in the flanks of the nude mice.

Drugs, doses and schedules

Drugs to be studied are adriamycin (clinically
active in various tumor types), m-AMSA (inactive
in solid tumor types), and DuP 785 (antimetabolite,
presently in early clinical cvaluation) (Fig. 1).
Schedules have been designed dependent on the
cytotoxic propertics of the respective compounds.
Doscs will be administered according to the
maximum tolcrated dose (MTD) for tumor-bearing
nude mice. At this MTD the mice should have a
mean weight loss of 10% in the week following the
first injection. Drugs arc administered i.v. unless
hampered by a high volume of injection (>0.25 ml)
or by repeated injections (>3). Death occurring
within 2 weeks after the final injection will be
considered a toxic death and the animal will be
cxcluded from the evaluation. The fact that investi-
gators will use their strain of nude mice adjustments
of the proposed dose (Table 2) may be necessary in
order to administer the MTD in their animals.

Drug information

Adriamycin (doxorubicin, NSC 123127) is an
anticancer agent used in the standard chemotherapy
regimens of most hematological and many solid
tumor types [7, 35]. It is a glycoside antibiotic
originally isolated from the fungus Streplomyces peuce-
tius. The drug was chosen for clinical evaluation
because of antitumor activity in the murine tumor
models B16 melanoma, CD8F, mammary tumor,
L1210 leukemia, and in LX-1 human lung xeno-
graft and MX-1 human mammary xenograft [2].
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Fig. 1. Structural formulas of adriamycin, m-A MSA and DuP 785.

Three major mechanisms of action resulting in
cytotoxicity have been postulated: DNA intercal-
ation, membrane binding, and free-radical for-
mation [36]. Doses of 60-75 mg/m? i.v. as a bolus
are usually administered if the drug is used as a

single agent every 3 weeks in patients not heavily
pretreated. Drug elimination occurs mainly through
the biliary system.

m-AMSA (4'-(9-acridinylamino)-methanesulfon-
m-anisidide, amsacrine, NSC 249992) is a synthetic
aminoacridine derivative and has been introduced
into clinical trials in 1977. Preclinically, significant
activity for m-AMSA was demonstrated in the
P388 and L1210 leukemias and B16 melanoma.
Moderate activity was observed against the CD8F,
mammary tumor, and the murine colon 26 and
colon 38 tumors [37, 38]. In phase II trials m-
AMSA appeared to be inactive in solid tumor types,
whercas a varicty of the hematological malignancies
responded to the drug [7]. Presently, the drug is
under investigation in combination chemotherapy
in the treatment of leukemias. m-AMSA acts by
binding to DNA through intercalation. The recom-
mended phase IT dose for solid tumors when given
as an i.v. bolus injection was 120 mg/m? for good
risk patients [38]. Pharmacokinetic studies of radio-
labelled m-AMSA showed a decreased urinary
cxcretion of total radioactivity in patients with
severe liver dysfunction, whereas in patients with
severe renal disease excretion was only slightly
affccted [39].

DuP 785 (6-fluoro-2-(2'-fluoro-1,1’-biphenyl-4-
yl)-3-methyl-4-quinoline carboxylic acid sodium
salt, NSC 339786) is a substituted 4-quinolinccar-
boxylic acid and is currently under investigation in
phase I clinical trials [40-42]. Antitumor activity
in mousc tumor modcls was shown in P388 and
L1210 leukemia, and colon 38. Marginal activity
was obscrved in B16 mclanoma [43]. Repeated
daily doscs appeared more effective than the every
4 days schedulc against i.p. L1210 lcukemia, if
similar cumulative doses of the drug had been
administered. DuP 785 showed activity also in the
LX-1 human lung, MX-1 human mammary and
CX-1 human colon xenografts in the subrenal cap-
sule assay in nude mice. The drug is an antimeta-
bolite and acts through a potent inhibition of the
mitochondrial enzyme dihydroorotic acid dchydro-
genase involved in the pyrimidine synthesis [44].
Because of the observed schedule-dependent pre-
clinical antitumor activity of DuP 785, it was

Table 2. Treatment schedules (MTD) designed in tumor-bearing female NMRI/cpb nude mice, age 10-12
weeks, weight 26-32 g*

Dose Days of
Drug Company Solution (mg/kg) Route treatment
Adriamycin Farmitalia 2 mg/ml 8 v, 0,7
m-AMSA Parke-Davist 1 mg/ml 8 Lv. 0,7
DuP 785 Du Pont de Nemourst 10 mg/ml 50 i.p. 0,1,2,3,4

*Free University Hospital, Amsterdam, The Netherlands.

tGenerous gift.
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Fig. 2. Diagrams of tumor volume response to lreatment, indicating
the measurement of specific growth delay (a) and optimal growth
inkibition (b).

decided to administer the drug at a daily base in
the proposed study.

EVALUATION OF TREATMENT

Tumor growth will be measured weekly in two
dimensions with calipers (twice weekly in case of
tumor lines with a volume doubling time less than
5 days). Volume of nodules is calculated according
to the formula 0.5 X length X width? Treatment is
started when tumors have reached a mean diameter
of 6 mm (4-8 mm). The first treatment day is
indicated as day 0. The number of mice required
will be such that at the time of evaluation there arc
at least five mice per treatment/control group and
6-10 tumors in each group. Experiments will be
finished 5 weeks after the last injection. In casc of
complete remissions the mice have to be observed
for at least another 4 weeks to check on regrowth of
the tumors.

For all individual tumors the volume changes
from the start of treatment (¥,) will be expressed as
V./V, at each day of measurement (V,). The mean of
the relative volumes V,/V, for all tumors of the
control group and that of the treatment group
(= S.E.) is used for drawing growth curves. Com-
plete remissions will be mentioned separately.

Several criteria for evaluation will be applied
in parallel, such as specific growth delay (SGD,
Fig. 2a) and optimal growth inhibition (7/C%,
Fig. 2b). To calculate SGD [18] the end-point of
evaluation is taken at a relative tumor volume of
twice the treatment size from day 0 for control and

treated tumors. In the case of rapidly growing tumor
lines (tumor doubling time less than 5 days) SGD
will also be calculated over two doubling times. The
following formula is used:

_ T, treated — T, control

SGD
T, control
and SGD =1 is expressed as —, >1 as +, >2 as
++ and complete remissions as +++.
For the 7/C% calculations [21] the following
formula will be applied at cach day of tumor
measurements:

mean V, /V, treated

T/C% =
% mean ¥, /¥, control

X 100%

with an optimal 7/C% within 5 wecks after the last
injection =50% designated as —, <50% as +,
<25% as ++ and complete remissions as +++.
Both formulas for SGD and 7/C% have disadvan-
tages if various drug effects have to be compared in
tumor lines varying in growth rate. In the course of
the study methods have to be explored to circumvent
these limitations such as the design of evaluation
criteria independent of tumor growth rate.

Another point of discussion will be the compari-
son of experimental data with results of phase 11
trials in patients. In the clinic responsc rates are
expressed as the number of patients with tumor
reductions over 50% and with complete remissions.
The criteria for drug activity in human tumor
xenografts outlined above arc arbitrary and may be
subjected to adjustments.

CONCLUDING REMARKS

The European data collected over the past few
years indicate that human tumor lines in nude mice
represent a promising modecl of human cancer and
may bc uscful in drug activity screening. A multi-
center European collaborative effort is ongoing to
analyze the predictive valuc of the model and estab-
lish the role of this advanced system in anticancer
drug development. To guarantece the high quality of
the experiments laboratory facilities and personnel
will fulfil the requirements [14]. Tumor lines have
to be monitored at regular time intervals to detect
phenotypic changes or alterations in chemo-
sensitivity.

With regard to chemotherapy cxperiments in
nude mice and in paticnts, several pharmacological
diffcrences may be anticipated. Such limitations
may interfere with the corrclation between experi-
mental and clinical data and will be elucidated
partially by our initiative. If panels of human tumor
lines in the nude mousc appear to be predictive for
the clinical responsc of a drug, this approach will
assist in reducing the number of phasc II clinical
trials with necgative results and rapidly identify
sensitivity tumor types for a new anticancer drug.
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