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Introduction

The Ramazzini Institute (RI) is a non-profit, independent organization
located in Bologna, Italy. It is a social cooperative with more than 25,000
active associates. In 40 years, long-term carcinogenicity studies have been
conducted at the Cesare Maltoni Cancer Research Center (CMCRC) of the
RI on more than 200 agents present in the industrial and general
environment performing more than 500 bioassays.
The RI project was started in 1966 and has been conducted with a
systematic and integrated approach aimed at identifying exogenous
carcinogens and quantifying their effects. This project is second only to that
of the United States’ National Toxicology Program (NTP), and has studied a
greater number of agents than in any other single laboratory. Most agents
have been selected on the basis the amount produced, their diffusion in the
environment, and the number of people potentially exposed.

Methods
The features of the program are:
 Human-equivalent animal model: our animal model is the SpragueDawley (SD) rats, basing on the evidence that they are adequately
sensitive, have a long historical base, and are also recommended by the
Organisation for Economic Co-operation and Development (OECD), NTP
and used by many other Universities and Organizations. SD rats are a
known and accepted human equivalent model for cancer. The lifecourse
of rats can be considered in a human equivalent model: with the
expected times in utero, pre-puberty, puberty, etc. With regard to cancer
studies, on average, 80% of spontaneous tumors occur by 104 weeks in
rats and by age 65 in humans1-2.
 Dose ranges: under current testing procedures relatively high doses of a
chemical are given to animals, generally higher than the doses humans
are exposed. However this is not always the case, especially for various
workplaces/occupations and high dose drug and cancer chemotherapies. When conducting exposure studies with low doses (many
orders of magnitude lower than the No Observed Adverse Effect Level
_NOAEL), a systematic dose-calibration study should be performed in an
appropriate rodent model in order to identify the administered oral dose
of the test substance that result in biomarker concentrations (e.g. urine,
serum) comparable to the ones observed in human population3.
 Timing of exposure: there is ample evidence demonstrating that
exposures during early developmental phases, produce an overall
increase of malignant tumors and increases of specific organ site
neoplasms related to exposures to specific carcinogens as in the case of
vinyl chloride and benzene. Lifelong and early exposure models provide
a greater opportunity to construct comprehensive mechanistic models of
disease3.
 Additional endpoints and adverse effects of the test compound: the
Ramazzini Institute integrated experimenatal design: many examined
chemicals have shown to also cause complex effects in animals,
affecting organ development, functional and behavioral changes. We
have recently proposed the adaption of the carcinogenicity bioassay to
integrate additional protocols for comprehensive long-term toxicity
assessment that includes developmental exposures and long-term
outcomes, capable of generating information on a broad spectrum of
different endpoints.

Results
 For our model we use Sprague-Dawley rats whose basic tumorigram is well
known and whose cancer susceptibility is not too different from the human
model. These rats come from the colony used for more than 40 years by
the CMCRC laboratory. It is a human-equivalent model (Fig. 1-2).
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Fig.1-2. Comparison between the human and rat population counterpart. In 2002 we studied a large population of SD rats from our colony,
representative of both sexes, in order to study the total cancer incidence in necropsied animals (malignant cancers being lethal). We also studied
their distribution by age at death. In the same period we analysed a human population the same size as the town of Trieste, Northern Italy, who, on
death, were autopsied at the public hospital of Trieste. Professor Luigi Giarelli, Director of the Pathological Anatomy Unit of the Hospital, had
permission from the local authorities to autopsy each patient dying during hospitalization.

 Numerous long-term carcinogenicity studies have been conducted at the
CMCRC that demonstrate the life-time consequences of chemical/physical
exposures beginning during developmental life and lasting for life (Fig. 3-4).
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Fig.3-4. The same dose of VCM administered to adult SD rats did not increase liver malignant tumours when the exposure started in adult life; when
administered starting from foetal life, a statistically significant increase in liver tumours was observed.

 The results obtained have formed the basis of rules and regulations for
primary prevention, even if sometimes many years have passed over
before having the confirmation of multipotent carcinogenicity (Fig.5-6)
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Fig.5-6. The contribution of experimental (animal) studies to the control of chemical carcinogenesis: the Ramazzini Institute’s first experimental
evidence of carcinogenicity and the confirmed classification by the Regulatory Agencies

Conclusions
Cancer is an extremely complex disease, not easy to control, and one about
which there is insufficient knowledge. Clinical, psychological, and economic
aspects of the disease should all be taken into consideration: they cause
heavy individual, familial, and social costs. To face the problem, it is
necessary to increase our knowledge to provide solid scientific bases for the
prevention and clinical control of cancer.
Basic as well as preventive and clinical research should be developed.
In this research, experimental animal studies play a central role.
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