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Relevance of bioassays

Animal studies: prediction of carcinogenicity in humans
Fiorella Belpoggi, Ramazzini-Institut, Bologna (I)

Substances demonstrated to be carcinogenic in animal studies have always subsequently appeared
to be carcinogenic for humans too. It becomes apparent that this is also true for mobile phone
radiation.

There are three major factors at the origin of the increased incidence, and therefore increased
mortality, of cancer over the last 50-60 years: 1) the increase in life expectancy (about 10 years for
males and 15 years for females); 2) the increase in the diffusion of agents and situations presenting
carcinogenic risks in both the occupational and general environment; and 3) last but not least, it is
also important in the carcinogenetic process genetic predisposition; however, it is unlikely that this
factor has significantly changed during the last decades.

As a whole, the process of carcinogenesis may be expressed, albeit simplistically, by the following
formula: C=f (P+E+A), where cancer is a function (f ) of predisposition (P), exposure (E) and age (A),
the last of which when increasing, allows an environmental carcinogen to more fully express its
effects, in particular those which are attributable to the sum/synergy of low and extremely low dose
exposure to carcinogenic agents. Of the three factors which condition the carcinogenetic process, it
is difficult to imagine changing predisposition (P) by modifying the genetic profile, even more so
regarding age (A).

The possibility to modify the trend in cancer incidence and mortality therefore depends on the
capacity to identify agents and situations of carcinogenic risk in the environment related to
occupation and/or lifestyle (E). Once identified, it follows that exposure to these risks should then be
eliminated or at least reduced as much as possible. If it is true that the carcinogenetic process
depends in large part on the role of genetic predisposition, environment and age, and that in order
to modify the present epidemiological dimension of cancer and other degenerative diseases the
most compatible solution is intervening to reduce exposure to agents and situations of
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environmental cancer risk, it is also true that our knowledge of these risks is still unfortunately
extremely limited. The identification of carcinogenic agents may be pursued today using three types
of research, all of which offer various possibilities and advantages, but each of which are limited in
different ways.

1. Short and medium term studies

Short and medium term studies include research on toxic effects (acute, subacute and subcronic), on
mutagenic effects (in bacterial and animal cells) and on bio-molecular mechanisms which may be at
the origin of these effects. These types of research may be completed in a relatively short time
frame, but with regard to carcinogenicity, these studies provide only indirect data. Since these data
are not based on end points, they cannot reveal a specific final event such as the presence or
absence of a tumour. The utility of these studies therefore has a precise limit, even if in some cases
they can provide, in addition to an initial orientation, useful data about the mechanistic aspects of
the action of agents on biological systems (related or unrelated to carcinogenesis).

2. Long term carcinogenesis bioassays on experimental animals

When well planned and conducted using adequate animal models (as close as possible to the human
equivalent) and reproducing as much as possible human exposure scenarios, long term
carcinogenesis bioassays may provide specific indications on carcinogenicity which may then be
extrapolated to the human in both qualitative and quantitative terms.

Much has been done by interested parties to discredit these bioassays and associated scientists.
However, there are three important considerations which support their use: 1) all agents
demonstrated via epidemiological studies to be carcinogenic in humans also resulted carcinogenic in
experimental animals. The carcinogenicity of one third of the agents recognized to be carcinogenic by
the International Agency for Research of Cancer (IARC) was first demonstrated in rodent studies and
only subsequently in humans; 2) no agent demonstrated to be carcinogenic in animals has been
found to be non-carcinogenic in humans when adequate epidemiological studies were performed; 3)
the type of relationship between exposure to a carcinogenic agent and the neoplastic response and
evolution of the carcinogenesis process are comparable in animals and humans .

3. Oncological epidemiological surveys

Oncological epidemiological surveys, when conducted with adequate information on the exposure
scenarios and correct methodology, produce clear results and represent the most direct proof of the
carcinogenicity of an agent, factor or situation. Often however, these surveys have precise
limitations: 1) their feasibility, in that the dimension of the exposed or follow-up populations may be
insufficient and/or in that the data related to the level of exposure may be limited due to the
difficulty of retracing the universe of exposed persons or of a representative sample; 2) the capacity
to produce clear results due to confounding factors or, in the case of low or medium-low exposure,
the difficulty of finding a large enough sample of exposed persons and adequate controls;
methodological inadequacies may also impede clear results; 3) the inherent delay in epidemiological
results due to the long period of tumour latency in humans (on average 10-30 years), during which
time agents may continue to produce their grave effects; 4) the widespread exposure (diffuse
exposure) to carcinogenic agents, and as a consequence the difficulties related to find a large control
group, not exposed at all.

Bioassays are quick and reliable

Since the period of latency is proportional to the average lifespan of an organism, latency is
proportionally shorter in rodents commonly used in the laboratories for long term bioassays. An
example is that of Sprague Dawley rats used in our laboratory, the laboratory of the Cesare Maltoni
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Cancer Research Centre of the Ramazzini Institute. Our strain of rat has a lifetime of 160 weeks which
corresponds to 95-100 human years. A latency time of one year is therefore equivalent to slightly
more than 30 years of latency in humans. In other words, long term bioassays allow for a very rapid
surrogate response, avoiding the frequent exposure of humans to unknown agents posing
carcinogenic risk. In conclusion, it may be affirmed that carcinogenesis bioassays, if adequately
conducted, are relatively rapid and highly predictive of effects on humans (it is also true that studies
of this type which are not correctly planned and conducted represent a factor of confusion).
Epidemiological surveys could be those which technically provide the most direct (albeit delayed),
information, but are often impeded by obstacles to their feasibility and frequently produce non
conclusive results due to methodological and non- methodological inadequacies.

The International Agency for Research on Cancer evaluated more than 1000 agents for
carcinogenicity in humans, using animal data together with epidemiological studies and mechanistic
studies, and provide the specific classification (https://monographs.iarc.fr/monographs-
available/#24). The Preamble to the IARC Monographs describes the objective and scope of the
programme, the scientific principles and procedures used in developing a Monograph, the types of
evidence considered, and the scientific criteria that guide the
evaluations(https://monographs.iarc.fr/iarc-monographs-preamble-preamble-to-the-iarc-
monographs/), with the following classification.

Group 1 Carcinogenic to humans 120 agents
Group 2A Probably carcinogenic to humans 83 agents
Group 2B Possibly carcinogenic to humans 314 agents
Group 3 Not classifiable as to its carcinogenicity to humans 500 agents

Agents Classified by the IARC Monographs, Volumes 1-125.

Proof of transferability on human beings

From IARC criteria of evaluation it is clear the important role of experimental bioassays for the
identification of hazards for humans. One fact remains abundantly clear: for every known human
carcinogen that has been tested adequately in laboratory animals, the findings of carcinogenicity are
concordant [1, 2, 3]. In the following table | would like to give to the readers some example of the
magnitude of prediction for the human counterpart regarding only few of the compounds, out of the
more than 200 we studied performed at the Cesare Maltoni Cancer Research Centre of the Ramazzini
Institute (CMCRC-RI) in more than 40 years of research. Our year of publication of data is compared
to the year of publication of the IARC Monograph as Group 1, carcinogenic to humans and
multipotential carcinogen.
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Agent CMCRC-RI* IARC Group 1 [< Time to Group 1 | IARC Group 1 and additional tumour
cancerogenicity 1](sufficient in (yrs)/multipote- | sitesin humans/
pubblication humans, or ntial carcinogen | Volume, yr
mechanistic
upgrade¥*),
vol, yr
Vinyl Chloride 1974 7/1974 liver 0/38 100F, 2012,S Hepatocellular Cancer
angiosarcoma
Chromium VI 1974 2/1972 0/38 100C, 2012 nasal cavity & paranasal
compounds only lung sinuses
Benzene 1979 S1, 1979 0/39 120, 2018
AML L several LH tumours
Erionite 1982 42/1986 4/26 100c, 2012, none
meso
Trichloro- 1986 106/2012 26/28 106, 2014, L NHL, liver
ethylene kidney
Silica dust 1988 68/1996 8/24 100c, 2012, none
Lung
Asbestos (all 1989 2/1973 0/22 100C, 2012, S larynx, ovary
forms) Lung, meso L colorectum, pharynx, stomach
Formaldehyde 1989 88/2006 17/23 100F 2012, S leukemia,
NPC L sinonasal
Tamoxifen 1997 66/1996 0/15 100A, 2012(reduced risk contralateral
Chemopreven- breast cancer)
tion breast cancer
Diesel (engine 1997 105/2012 15/15 105, 2012
exhaust) lung L bladder
Ethanol 2002 96/2007 5/10 100E, 2012, none
(in alcoholic
beverages)
Acetaldehyde 2002 100E/2009 7/10 100E, 2012
(in alcoholic
beverages)
Fluoroedenite 2004 111/2014 10/10 111
mesothelioma

Note: S = Supplement; # some variation of AML vs ANLL; several additional sites with limited evidence (100F, 120)
* The CMCRC evaluations, apart fibres like asbestos, silica and fluoroedenite, that were regarding mesothelioma, were of
multiple site carcinogens.

Long term studies on RFR urgently required

Long term carcinogenesis experiments are fundamental for the identification of carcinogenic agents,
both for evaluating products which are already on the market and for studying those which have yet
to be commercialized. The reliability of these studies is such that their use is constantly growing,
especially for the evaluation of the efficacy and tolerability of pharmaceuticals/active principles,
including those which could potentially be used for the chemoprevention of tumours. Also of great
importance is their use for the identification and validation of biological markers and medical
devices.

In this perspective, it appears not understandable the fact that, on the contrary of what happens in
Europe for all chemicals and pharmaceutical compounds before their commercialization, long term
studies to exclude the adverse effect of devices for telecommunication, like mobile phones and
radio-base stations antennas emitting different frequencies, are not requested to the Companies by
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worldwide regulators. Early warnings on the potential carcinogenic risks of mobile phone
radiofrequency radiation (RFR) raised in the early 2000 when, for the first time, it was published that
people using mobile phones had a significant increased risk to develop vestibular Schwannoma and
brain tumours.

In 2011, the International Agency for Research on Cancer (IARC) classified RFR as possible human
carcinogen (Group 2B) based on limited evidence both in humans and experimental animals [5].

Preliminary results show causal link

In 2018 the Ramazzini Institute published the first important findings of the Rl experimental study
[6]. The communication of preliminary results was urged by different factors: 1) the fact that also a
small increase of the incidence of tumours induced by the exposure to RFR could have great impact
for public health because the exposed people are billions; 2) The Rl findings on far field exposure to
RFR are consistent with the results of the NTP study [7, 8] on near field exposure to RFR, as both
reported an increase in the incidence of tumours of the brain and Shwannomas of the heart in RFR-
exposed Sprague-Dawley rats; and 3) because the tumours of the brain and heart observed at
increased incidence in rats exposed to RFR generated by an 1.8 GHz GSM antenna in our study and
the one of NTP are of the same cytological origin of those observed in some epidemiological studies
[10, 11, 12, 13] of cell phone users. Glioblastoma Multiforme (GBM, an associated rapidly progressive
fatal brain cancer) and acoustic neuroma, satisfy the Hill criteria for causality from RFR exposure
based on human epidemiological studies [14]. For all these scientific considerations we are asking for
adopting the precautionary principle.

Precautionary protection of public health

The application of the Precautionary Principle has been called for over many years, by multiple,
credible, professional organisations and most recently by the European Parliament [15, 16, 17]. This
is now crucial in order to protect both public health and the economy given the already apparent
escalating health costs. RFR has been proven to damage biological systems at levels well below those
claimed to be safe within the ICNIRP guideline levels [18]. Public exposures to existing levels of RFR
are already harmful and will rise substantially with the deployment of 5G.

From the results of our study we consider the ICNIRP guidelines for limiting exposure to
electromagnetic fields as insufficient. They should be adapted, like many countries as Italy and
Switzerland already have realized, specifically intending to minimise the possible risks in their
country.

In Italy 20V/m are considered as a limit of exposure, 6V/m as a limit of attention for residents and
employees, and 6V/m as a so-called quality limit. In 2012, the limit of attention has been massively
relaxed [19]; 6V/m have been considered since as an average in 24 hours. In the light of the
precautionary principle, this threshold value should thus not be exceeded at any time.

Furthermore, Companies should be called to produce lesser invasive devices, able to reduce the
exposures from mobile phone itself. New experimental research should be soon performed to
evaluate the 5G frequencies alone, frequencies not yet adequately investigated, and the possible
synergistic effects of exposure to concurrent different frequencies, that is exactly what happens to
the human population.
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Wooden exposition system for experimental animals of the Ramazzini study®, reproducing the
situation in a condominium. The animals’ exposition lasted from the 12th day of pregnancy of the
mother animal until the sudden death.

©zvg
Wooden exposition system for experimental animals of the Ramazzini study, see above.

! Falcioni, L. et al. Report of final results regarding brain and heart tumors in Sprague-Dawley rats
exposed from prenatal life until natural death to mobile phone radiofrequency field representative of
a 1.8 GHz GSM base station environmental emission. Environ. Res. 2018, 165, 496-503.
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In the Ramazzini study’? exposition system, every room had shielded walls to inhibit reflexion of
waves.
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