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ABSTRACT

The LNT-theory of cancer generation by ionizing radiation is commonly vindicated by
3 arguments: The stochastic character of irradiation hits to cells, the monoclonality of cancer
generation, and the error proneness of DNA-repair. It is shown that this conclusion is logically
inadmissible. Equally, the rescuing attempts tried by some LNT-supporters are not successful.
It contradicts the laws of thinking to exclude threshold and hormesis in this way.

INTRODUCTION

The Linear No-Threshold (LNT)-theory of cancer generation by ionizing radiation is
commonly vindicated by the stochastic character of cells being hit by irradiation and by the
monoclonality of cancer generation, i. e. the development of a malignant tumor out of a single
transformed cell (e. g. [1] and [2]). These two features are said to enforce linearity in the low-
dose region, where only part of the cells in a tissue are being hit by irradiation (this part being
admittedly strictly proportional to dose). The frequently observed stimulation of biological
defense mechanisms by low doses of irradiation (,,adaptive response", e. g. [3]) is said to
potentially influence the slope of the dose-effect curve, but not its threshold-free linearity
,,unless a totally error-free repair system (of DNA-damages) is assumed", which is not likely to
occur in biology.

On the basis of these 3 presumptions (later on referred to as ^indications") the ,,official
radiation-protection establishment" feels that a threshold in the dose-effect curve or even an
hormetical (benefitial) effect below this threshold can be excluded by logical laws of thinking.
The fundamental shortcomings of this deduction shall be shown in the following:

1 INTERACTION WITH OTHER CAUSES OF CANCER

Cancer develops as a consequence of multiple DNA-damages in a cell. These damages
can originate from different sources, reproduction failures, attacks of oxygenic radicals (which
on their part can result from natural metabolism, chemical noxes, ionizing radiation and
others), chemical attacks of so called carcinogenes, direct energy transfer of ionizing radiation,
thermal instability, and so on. Life has developed defense mechanisms against all these attacks,
repair mechanisms to restore the undamaged situation if an attack is nevertheless successful",
and incapability of dividing, apoptosis and immune-system reactions to eliminate cells with
unrepaired or ill-repaired damages. Whatever the root causes, the biological defense system
normally prevents serious consequences, and - measured to the number of attacks - cancer is a
very rare consequence.
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In this article all irradiation induced cancers shall be denominated ,,radiation cancers"
and all others shall be denominated spontaneous cancers". In the low-dose region the number
of spontaneous cancers is much higher than the number of irradiation induced cancers.

The 3 vindications of the LNT-theory quoted above might be justified if radiation was
the only source of cancer. But with the mere occurrence of spontaneous cancers they
necessarily lose their validity, if there is any possibility of irradiation to interact with the
number of spontaneous cancers. Of course, irradiation cannot be expected to influence the
intensity of spontaneous carcinogenic causes, but there is definitely a possibility for irradiation
to influence the probability of spontaneous attacks leading to macroscopic cancers. In
principle, ionizing radiation can exercise an influence on the efficiency of all biological defense
mechanisms against spontaneous cancers, and for many of them we have strong experimental
indications that such influences actually exist (,,adaptive response").

Certainly, those indications cannot be considered as a proof But if we accept at least
on principle the possibility of adaptive response, the cited vindications for linearity inevitably
lose their validity. And if the adaptive response indeed reduces the number of spontaneous
cancers, threshold and even hormesis below the threshold only are a question of whether this
reduction outweighs the number of irradiation induced cancers or not. Evidently, threshold
(and hormesis) can exist with stochastic irradiation hits and monoclonality of cancer generation
and completely without error-free repair mechanisms.

2. INTERACTION OF IRRADIATION HITS

But even independent of the existence of a second source of cancer, ever when we have
irradiation hits to cells, and these hits are stochastic in nature and independent of each other in
the low-dose region, the effects of these hits need not to be independent likewise. For example,
the stimulation of adaptive response could well be transferred from one cell being hit by
radiation on to neighbouring cells by some transmitters, and the thus stimulated regions may
overlap to a different extent depending on dose or dose rate. This generally could lead to
non-linearity, albeit a steadily growing form of the dose-effect relationship is still possible. And
if the amplification of the response effect by transfer of information to neighbouring cells is
large enough to reduce the number of spontaneous cancers more than the irradiation itself
produces cancers in the low-dose, low-overlapping region, even a negative slope and a
threshold are possible (which would be a combination of no. 1 and no. 2).

A special form of overlapping response is the stimulation of the immune-response
system of the whole body. It presumably eliminates privilegedly cells in the higher stages of
cancerous transformation or fully transformed cells. It can introduce non-linearity and has
at least in principle the potential to reduce the spontaneous cancer rate to overcompensate the
rate of radiation induced cancers.

3. RESCUING ATTEMPTS

To preserve the LNT-theory some of its supporters stress the crucial part double strand
breaks probably play in carcinogenesis because of their substantially higher failure rate in
cellular repair-processes and the'much higher percentage of double strand breaks in radiation
damages compared to damages from other sources But this influences only the strength of the
cancer-generating part of radiation effects and does not jeopardize the cancer-reducing part via
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adaptive response affecting the occurrence of spontaneous cancers. Threshold and hormesis
are still possible on the same conditions as discussed above.

Other LNT-advocates hypothesize that a higher repair-rate due to adaptive response
might also bring about a higher rate of misrepairs. But firstly, if the misrepair-rate rose
proportional to the repair-rate, we would not see anything of the adaptive response,
contradicting our experimental evidence. And secondly, if any effect of a higher rate of
misrepairs occurs at all it would be very surprisingly, if it lead to a linear dose-effect
relationship. Hence, the theorized possibility of an increased misrepair-rate is as well not a
good argument against the chance of threshold and hormesis.

Again others argue with mathematical models. They give some formula describing the
cancer generation by radiation with no sink-term, administer some customary mathematical
approximations, which in fact linearize the curve in proximity of the zero point, and pass the
result off for proof of the LNT-theory in low-dose regions (for details see [4]). In all these
cases linearity is a consequence of the selected model and performed reductions, not a
description of reality, its epistemological worth is zero.

Several other rescuing attempts have been tried, all with the same negative result.

SUMMARY

Generally speaking, possible dose-depending interactions of the effects of primarily
independent irradiation hits to cells can produce non-linearity and possible interactions between
irradiation and spontaneous cancer generation can result in a threshold and hormesis. Neither
the 3 vindications cited in the introduction nor the desperate rescuing attempts can prove
linearity. Linearity is a convenient bookkeeping procedure, but it is not well-grounded by
scientific evidence and it is not supported by logical laws of thinking on the basis of the official
arguments in favour of it. Of course, if the arguments for a theory fail, this theory need not to
be wrong itself. But it may be a good reason to look at that theory in another way.

SUPPLEMENTARY REMARKS

1. If there was no interaction of any sort between irradiation and spontaneous cancers, an
hormetic effect of irradiation (with respect to cancer frequency) would naturally be
impossible and a threshold would only be possible in case of absolutely error-free repair
mechanisms. The latter not being a realistic assumption in biological systems, the
interaction of irradiation and spontaneously generated cancers is a prerequisite for
threshold and hormesis. But actually, such an interaction is not only supported by
numerous experiments showing an adaptive response after low-dose irradiation, it is
also more or less generally believed to be a realistic phenomenon in radiation effects on
men: The multiplicative model of cancer generation by ionizing radiation itself is
nothing less than a special form of such an interaction. There is no clear understanding
of the processes to lead to this multiplicative impact, but it is rather difficult (albeit
possible) to think of processes, which would result in a linear dose-effect relationship
the whole way down to zero dose. But whatsoever the detailed processes, the
multiplicative model in'any way assumes an interaction between irradiation and
spontaneously generated cancers and therefore it smoothes the way for hormetic effects
in the low-dose region

23



2. All life on earth has developed in a substantially irradiating environment. In fact, the
irradiation level has been significantly higher when life started to develop from primitive
forms. Experience shows that life developed strategies to adjust to all routinely
affecting interferences in an optimized way. There is no reason to assume that radiation
would be the singular exception of this general rule. In the contrary, it rather seems
prudent to assume that human beings as the probably most advanced result of evolution
are well-adapted to cope with the upper limit of frequently occuring natural radiation
exposures. A threshold in radiation effects does not seem to be in contradiction to our
general knowledge of life on our planet earth.
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