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BREAST CANCER INDUCED BY PROTRACTED RADIATION EXPOSURES
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Abstract
The experience at Hiroshima/Nagasaki demonstrated that breast

cancer can be induced by single doses of ionizing radiation following
latencies of 10-40 years. Several epidemiological studies, usually
involving ancillary low-LET radiation to the breast, have demonstrated
that breast cancer can be induced by protracted exposures, with
similar latencies, and with similar dependencies on dose.
Radiobiologically these results suggest that the target cells involved
were deficient in repair of low-LET damage even when the protraction
was over months to years. Since three-quarters of breast tumors
originate in the ducts where their proliferation is controlled by
menstrual-cycle timed estrogen/progesterone secretions, these cells
periodically were in cycle. Thus, the two main elements of a
conceptual model for radon-induced lung cancer -- kinetics and
deficient repair -- are satisfied. The model indicates that breast
cancer could be the cumulative effect of protracted small exposures,
the risk from any one of which ordinarily would be quite small.

1. EPIDEMIOLOGICAL STUDIES
Several different uses of radiation in the past have involved

direct or ancillary radiation of the breast and a number of these [1]
have been shown to have dose dependencies and latencies similar to
what has been observed among the A-bomb survivors [2] . The following
are examples:
(a) Women treated over many months for postpartum mastitis [3].
(b) Women receiving weekly fluoroscopies for collapsed-lung therapy

of tuberculosis, 88 average number of exposures [4].
(c) Women receiving diagnostic X-rays over years for scoliosis [5] .
(d) Infants treated for skin hemangiomas [6].
(e) Infants treated for enlarged thymuses [7].

In mammalian cells, protracting a dose of radiation generally
leads to a reduced effect as was first shown by the repair of
sublethal damage [8]. In cells, protraction also reduces neoplastic
transformation [9], similarly for tumor induction in mice [eg, 10],
and lung cancer in women fluoroscoped during tuberculosis treatment
where, in contrast to breast cancer, no increase was observed over
controls [11]. The difference between the breast cancer studies and
the more general result of protracted exposures suggests that in a
large fraction of breast cancer cases damage in the target cells
persisted because of deficient repair.

The cycling of ductal cells is hormonally controlled during the
menstrual cycle. Hence, the growth and division of target cells is
assured by the normal physiology of the breast. This fact plus the
epidemiological data suggest that the target cell can be described as
periodically cycling and repair deficient.

2. CELL DATA AND RADON
In the course of studies of the survival and neoplastic

transformation of cells in culture, an anomalous observation was made.
With low-LET radiation, as expected cell killing and transformation
were reduced if the dose was protracted [eg, 9] . With fission-
spectrum neutrons, also as expected killing was not modified by
protraction but, anomalously, transformation was. At low dose rates
or with multifractionation, transformation was increased. Figure 1
summarizes the anomalous neutron data [1; see refs. 12 & 13 for
survival data] . The closed circles show that for low doses
transformation was enhanced by five daily doses by as much as it was
at low dose rate [14] .

Based upon the low-dose-rate data, Rossi and Kellerer proposed
that enhanced transformation could be explained if it was assumed that
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Fig.1 Sketch of the anomalous enhanced
transformation frequency observed when protracted
doses of fission-neutrons were used. (From refs. 12
& 14.) The points refer to five fractions each
separated by one day.
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Fig.2 The incidence of epidermoid carcinomas in
rats breathing air containing radon at two different
concentrations. WLM (WLM = working level month)
is a unit of dose resulting from the alpha-particle
emission during radon decay. (From ref. 22.)

a narrow sensitive window existed in the growth cycle [15]. The
location of the window was not specified and their model did not
account for the results with multifractionation [16] . Some years
later, it was proposed that the window was around mitosis [17] .
Subsequently, late Gj/mitosis was shown to be the window [18].

In the context of risks due to indoor radon [19] , it follows from
Fig. 1 that risk should vary inversely with ambient concentration when
the kinetics of the target cells assure that the window is occupied
during the exposure. For the a-particles associated with radon, their
killing efficiency would facilitate compensatory repopulation but non-
radiation factors like smoking also could stimulate division. Two
examples of inverse relationships between risk and radon concentration
are the study by Lubin et al. [20; see Table C2 (a) , page C-4] and that
of Darby and Samet [21] . In the former [20] , the combined data for 11
hard-rock mines are analyzed, and in the latter [21], relative risks
for five uranium mines are compared.

A more direct example of enhancement varying inversely with
dose rate comes from Cross, Fig. 2 (dose=WLM; dose rate=WLM/wk) [22] .
The lack of clear differences for the first two doses in Fig. 2
probably reflects the reduced signal for compensatory repopulation
plus the shortened time for cell division during these smaller
exposures.

3. APPLICABILITY OF THE MODEL TO BREAST CANCER
In the case of radon, deficient repair is attributed to the high-

LET of the a-particles. Radiobiologically, they would be expected to
be similar to the secondaries due to reactor neutrons. Even in
repair-competent cells high-LET damage is largely unrepairable. Even
though the target cells in breast cancer are usually exposed to low-
LET radiation, the epidemiological data indicate little if any sparing
of tumorigenesis from even extensive dose protraction. The weeks-to-
months between exposures suggests that a condition of genomic
instability may have been induced. Indeed, in the instance of the
thymus treatments of infants, a prolonged instability is suggested by
an average latency of 39 years [7] . If instability was induced, it
was not reversed between fractions indicative of deficient repair.
Hence, the two requirements of the model -- cell kinetics coupled with
deficient repair -- appear to be fulfilled.

4. PERSPECTIVE
Radiation to the breast may come from different sources, the most

direct ordinarily being from mammography. Modern technology has
considerably reduced the average dose per examination but the dose was
larger when the procedure was introduced. Currently, women are
examined more regularly than heretofore. Although average doses have
been reduced, doses to target cells near the radiation entrance
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surface still can be appreciably larger because of the soft quality of
the radiation that is used. In any case, recent results still
indicate a significant risk of breast cancer in postmenopausal women
who received estrogen-replacement therapy and regular mammographic
examinations [23] .

Roentgenographic relative density has been studied for
prospective indications of incidence. Indeed, the density of
parenchymal tissue has been correlated with risk, up to 4-5 times for
high densities [24] . A correlation is logical if dose to the target
cells increased with roentgenographic density. Such a relation
strengthens the implication that the diagnostic potential of
mammography at the same time includes a risk of inducing cancer some
years later. For mammography, a preferred period during the menstrual
cycle could be when fewer target cells are in cycle [25].

In addition to the epidemiologic data, a number of cell studies
support the inference that repair deficiency underlies the incidence
[eg, 1] . These studies have been small in size and should be enlarged
first, to uncover the molecular basis for the deficiency, and second,
to develop a screening approach to breast cancer susceptibility.

Lastly, the model does not rest on the oncogenic properties of
breast cancer. At this stage, it is cell-based and radiobiological.
This limited scope follows from the fact that radiation has been shown
to cause breast cancer presumably by inducing the somatic mutation(s)
to initiate the process.
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