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that antagonizes PKC and downregulate the PI3K/Akt survival-pathway 
could be of potential interest as novel anticancer agents or radiosensitizers. 
Here we discuss the radiosensitizing effect of a PKC-inhibitors (PKC412, 
Novartis Inc.) with a differential p53 dependent mechanisms if combined 
with IR. Further data indicate that a crucial intracellular signalling target is 
the PI3/AKT-survival pathway. 
Material and Methods: A novel potential radiosensitizer, PKC412 or N- 
benzoyl staurosprine (a broad PKC inhibitor and staurosporine derivative 
with a broader therapeutic index), was used for in vitro and in vivo exper- 
iments. The results were assessed in tumor cell cultures with defined p53 
status and in human tumor xenografts using a transplantable mouse model 
system. Efficacy of radiosensitization was assessed by cell survival in vitro 
and tumor growth delay in vivo. To better understand the mechanism of 
PKC412 apoptosis assays, cell cycle analysis, mRNA and protein regula- 
tion of the PI3/AKT survival pathway with IR alone +/- the PKC inhibitor 
were used. 
Results: The novel compound PKC412 has a clear radiosensitizing effect 
in vivo if combined with low dose, fractionated irradiation (4x 3 Gy) in a hu- 
man tumor xenograft model system in absence of a functional p53 gene. 
The compound alone comprises low toxicity and therefore a broad ther- 
apeutic index. PKC412 induces massive apoptotic cell death in p53 wild 
type tumor cells and increases the G2 arrest in p53 dysfunctional tumor 
cells when combined with IR. In vivo PKC412 exerts a substantial growth 
delay effect in two different p53 dysfunctional murine and human tumor 
xenograft models. Furthermore the inhibition the PI-3K/Akt survival path- 
way by PKC412 is relevant for its apoptosis-inducing, radiosensitizing effect. 
A PKC412 dose dependent decrease of Akt phosphorylation was noted, 
as well as reduced phosphorylation of the Akt-substrate GSK3-alpha. Ex- 
pression of a dominant-active form of Akt (myristoylated) abrogates the 
PKC412-mediated cytotoxic effect. 
Conclusions: A tumor-associated, activated PI3K/AKT-survival pathway 
might contribute to a high treatment threshold for radiotherapy but repre- 
sents an attractive target for radiosensitization (e.g. by PKC412) in p53- 
wildtype and p53- deficient tumors. 

targeted drugs in target-depending xenografts such as the VEGF antibody 
HuMV833, c) examine the pharmacodynamics of telomerase inhibition un- 
der chronic treatment and serial transplantation, or d) to assess the influ- 
ence of paraneoplastic syndromes like cachexia on the tolerability of anti- 
cancer drugs. 
Taken together, our experience with human tumor xenografts in the preclini- 
cal evaluation of molecular agents has proven their continuously increasing 
value in new cancer drug development. 

17 

Examples on the role of drug administration on toxicity in 
mice and rats 

0. Fodstad, S. Bruheim. Inst. For Cancer Research, The Norwegian 
Radium Hospital, Montebello, Oslo, Norway 

Preclinical evaluation of drug toxictiy and efficacy are essential parts of 
drug development. Toxicity studies are commonly performed in mice and 
primates with the aim of defining maximum tolerable doses and the dose- 
limiting organ toxicities, and from the information gained, decide on the 
starting dose to be used in phase-I clinical studies. Preclinical toxicity data 
for an immunotoxin studied in mice and monkeys will be reported. 
Although it is well known that the toxicity may be different in tumor-bearing 
and non tumor-bearing animals, this aspect has received very little atten- 
tion. One possibility would be to include toxicity studies in animals carrying 
hu man tumor xenografts in clinically relevant tissues, either by growing them 
in orthotopic sites and/or by using experimental metastasis models. 
We have established a number of such models in nude mice and rats, 
making it possible (by injecting the tumor cells by the iv, intracardial, in- 
tratibial, intrathecal routes or into the internal carotid artery) to establish 
organ-preferenced metastasis in various organs mimicking the situation in 
patients. The toxicity and efficacy of a number of established and experi- 
mental agents have been evaluated in these models, and results also from 
studies in which some compounds have been given by different routes will 
be presented. 
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Value of human tumor xenograft models for predicting 
pharmacodynamic and toxicological endpoints in preclinical 
development of molecular drugs 

A.M. Bur qer 1 , H.H. Fiebig 2. Sunnybrook and Women's College Health 
Science Centre, Toronto, Canada; (2) Tumor Biology Center, Freiburg, 
Germany 

Human tumor xenografts derived from both, human tumor cell lines and 
patient explants, have been proven to be valuable predictors of clinical re- 
sponse for most of the currently registered antitumor agents (Br. J. Cancer 
84: 1424-31, 2001). Their use has therefore been recommended by the 
regulatory agencies such as the EMEA in the "note for guidance on the 
pre-clinical evaluation of anticancer medicinal products". 
The shift of paradigms in cancer drug development during the past decade 
away from exploiting the therapeutic window of cytotoxic agents to molecu- 
larly designed therapeutics, however, has led to a new thinking of preclinical 
in vivo testing. The molecular target and its modulation is now the major fo- 
cus. Thus, in vivo efficacy in a particular xenograft model should be clearly 
related to target effects in the tumor tissue or a surrogate and the commonly 
used parameter "maximal tolerated dose" (MTD) is being replaced by "tar- 
get effect dose" (TED). In order to assess preclinical pharmacodynamics 
and toxicology, contemporary in vivo tumor models require a convincing 
demonstration of target levels. 
The Freiburg human tumor xenograft panel, which is derived from patient 
explants, comprises a collection of over 450 established tumor models of 25 
different histologies. More than 80 xenografts have been characterized for 
in vivo response to 14 standard agents and 33 validated molecular targets. 
Moreover, 47 tumor models were profiled on 12K Affymetrix chips enabling 
a rapid identification of mRNA expression levels for approximately 1/3rd of 
the most prominent genes of the human genome. 
We have utilized this knowledge for example to a) revisit the mode of action 
of established clinical agents such as mitomycin C, b) evaluate molecular 
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The use of in vitro bone marrow toxicity to predict clinical 
MTD in humans 

R.E. Parchment, Barbara Ann Karmanos Cancer Institute, Division of 
Hematology-Oncology,5-Hudson Webber C, Detroit, USA 

Despite animal studies, investigational oncology drugs still enter Phase I 
clinical trials with uncertainty about dose-limiting toxicity (DLT) and maxi- 
mum tolerated dose (MTD) in patients. In vitro tests of drug effects on clin- 
ically relevant functions of normal human cells which are affected in the 
dose limiting organ, or inter-species comparisons of effects on these nor- 
mal target cells, should be able to predict clinical toxicity. The prototype in 
vitro safety test uses the difference in drug-induced inhibition of myeloid cell 
production by human and mouse CFU-GM progenitors to predict the dose 
difference that will cause Grade 3+ neutropenia (CTC v2.0 classification). 
This simplest of three published prediction models [Ann Oncol 1998] has 
been evaluated by our Phase 1 unit at the Karmanos Cancer Institute, by 
the NCI and formally by ECVAM (prevalidation) and found to predict human 
MTD within 4-fold of the actual value for 18 of 24 compounds (4 of 4 by 
Karmanos, 9 of 14 by the NCI, and 5 of 6 by ECVAM). A second model 
uses drug sensitivity of peripheral blood CFU-GM isolated from individual 
Phase 1 patients to develop an exposure-risk curve for severe neutrope- 
nia. Although only a small number of drugs have been studied, model per- 
formance predicting marrow MTD after accrual of initial patient cohorts is 
promising. All of these models predict marrow MTD, which will be the ac- 
tual MTD, if neutropenia is dose limiting. If not, and other organs are more 
susceptible to drug toxicity, in vitro hematotoxicity testing provides an up- 
per limit on tolerable human exposure levels, rather than the MTD. In other 
words, the CFU-GM assay predicts the risk of marrow toxicity as a func- 
tion of drug exposure, but will not be useful to classify a drug as myelotoxic 
unless conducted in parallel with other predictive tests for non-hematologic 
toxicities. These studies show the utility of the CFU-GM assay for predicting 
the simple toxicity of neutropenia and its clinical outcome, as it is quantita- 
tive (linear), target cell-based, and uses clinically relevant endpoints. These 
results point to expanded use of the prediction principles to other, similar 
dose-limiting toxicities, such as mucositis and stomatitis. They also indicate 
the value of Phase 1 clinical trial data for developing and validating in vitro 
safety tests and prediction models for all therapeutic classes. Supported in 
part by NIH grants UO1-CA62487 and R21-CA93266 and contract NO1- 
CM-87028. 


