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Abstract

In today's modern practice of Radiation Oncology it is becoming increasingly common to follow many patients
with breast cancer. There is a proven association between prior radiation and the development of breast cancer,
although in many instances the available sources of data are confusing. Characteristic features of radiation
induced breast cancer are the importance of age at first exposure to radiation and the long latency period. The
risk of breast cancer is highest in women exposed in the first decade of life and lessens progressively with
increased age at exposure. The latency period is typically 10 years or more; a time in which other age dependent
factors may influence the expression of the malignant phenotype. Genetic factors may also (in theory) increase a
particular patient's susceptibility.

1. Introduction and status of the art

1.1. Low dose radiation and breast cancer
There are many reports in the literature addressing the potential role of mantle irradiation and
the development of breast cancer. It has been well established that ionizing radiation can be a
carcinogen for breast cancer. The available data demonstrate that this risk decreases with
increasing age at exposure. There are several sources of data, but the results of these studies
are sometimes contradictory.

1.2. Data on atomic bomb survivors

The sensitivity of the breast tissue to ionizing radiation has been amply demonstrated by
epidemiological studies in Japanese Atomic Bomb survivors [1,2]. There are several reports in
the literature like the Life Span Study sample demonstrating an increased incidence of breast
cancer in this population. There is a strong linear radiation dose response, with the highest
dose-specific excess of relative risk among survivors under 20 years at the time of the blast,
and much higher for patients exposed during infancy. The cancer excess appears to be
confined mainly to the group of women exposed before 40 years of age. A marginally
significant trend was seen among women exposed at 40 years or older.

There is a much weaker association between dose and the prevalence of non-proliferative and
proliferative breast disease. There are some interesting autopsy studies in survivors of the
Atomic Explosions. These studies have been reported by Tokunaga [3] on 225 patients who
received low dose radiation (0.2 Gy kerma), and 88 who achieved high dose radiation (1 Gy
kerma or more). 81% of the Low dose breasts and 74% of the High dose breasts has one or
more non-proliferative lesions, with an statistically significant relationship with dose.

Proliferative disease, and atypical hyperplasia in particular, was also elevated in both groups,
(16% Vs 11%), also with a statistically significant relationship with dose.

Evidence for non-proliferative and in particular proliferative disease is strongest for the group
of ages 40-49 at the time of the explosion.
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1.3. Occupational exposure to ionizing radiation

The risk of breast cancer among female radiological technologists has been studied, in a
population of 105,000 female radiation workers between 1926-90, including Radiation
therapy technologists, dental X Ray Technologists, fluoroscopy, routine X rays, etc. [4]. The
authors used the American Registry of Radiological Technologists, designing a case control
study. Breast cancer was not significantly increased with occupational exposure in any of
these procedures, there was also no relationship between risk and number of years worked [5-
7]. Studies in Denmark yield comparable results [8].

1.4. Diagnostic exposure to ionizing radiation

There is a controversy about the role of mammograms and radiation induced breast cancer. It
is important to know that an average woman who is screened with mammograms each year for
30 years, beginning at age 40 will have her breast exposed to a total dose of less than 0.1 Gy.
The incidence of breast cancer in female patient with tuberculosis examined with fluoroscopy
after therapeutic pneumothorax in Massachusetts among 5000 women between 1925 and 1954
[9]. Average number of examinations was 88. Increased rates of breast cancer were not
apparent until about 10-15 years after the initial fluoroscopy examination. The excess risk
then remained high trough all intervals of follow up, up to 50 yr. after the first exposure. Age
at exposure strongly influenced the risk, with young women, below 40 at highest risk. (RR
1.06), particularly those between 15-24 yr. The estimated mean radiation to the breast was
79 cGy. There was a strong linear relationship between dose and risk of breast cancer. Danish
researchers found similar results in a case-control fluoroscopy study [10].

A scientific publication in 1995 described a family with a cluster of breast cancer cases
occurring in a generation, and their relationship with repeated fluoroscopic examination
during early childhood and adolescence [11]. The development of breast cancer was correlated
with DNA repair proficiency and history of radiation exposure. The authors conclude that the
findings suggest that there is a susceptibility factor (deficient repair of radiation-induced DNA
damage during G2 phase, like in the cancer prone genetic syndromes) that may interact with
exposures to low-levels of ionizing to increase the risk of developing breast cancer.

1.5. Therapeutic exposure of breast tissue to low dose radiation

The best data available come from Sweden, from patients treated with ionizing radiation for
benign breast disease, between 1924 and 1954. The results of the study have been published in
1993 and 1995 [12]. The cohort consists in 1216 women treated with radiation therapy (mean
dose 5.8 Gy, range 0.003-50.14 Gy), and 1874 patients unexposed to irradiation, who had
benign breast disease. Ages at the time of exposure between 8-74 (median 40 yr.). The total
number of breast cancer observed was 278, of which 95 were in the unexposed cohort. In the
analyses of the dose response relationship, for doses less than 5 Gy there was a clear dose-
response linear relationship, with no threshold. This may support the working hypothesis of
the mechanisms of carcinogenesis that is that it is a single cell origin [13].

At doses higher than 5 Gy there is an increase also, but with a leveling off in the increase of
relative risk, because the cell killing became obvious. This also has been observed in the New
York mastitis study for doses greater than 3 Gy, but in many other studies, this trend has not
been found, but the information that these studies provide on high doses very limited.
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1.6. Scattered irradiation of contralateral breast tissue in radiotherapy for breast cancer

This issue has also been extensively studied. Boice reported data form the Connecticut tumor
registry, on 41000 women in a typical case control study [5, 14]. The conclusion was that
radiotherapy for breast cancer contributed little to the already high risk for contralateral breast
cancer. In their experience less than 3% of second breast cancer in the cohort can be attributed
to pervious ionizing radiation treatment. The risk however is significant in women who
underwent radiation at a relatively young age (<45 yr.) (RR 1.59). Exposure after the age of 45
entitles a minimal risk of radiation induced breast cancer. Other authors [15,16] have found
similar conclusions. In a attempt to reduce the scatter dose to the contralateral site, Macklis
has developed a breast shield [17].

2. Results

2.1. Therapeutic doses of radiation and breast cancer

Several studies of patients treated for Hodgkin's disease have shown an increased risk of
second breast cancers [18,19]. Problems with these studies include small patient numbers,
short follow-up time (less than 15 years), incomplete treatment information and an emphasis
in hematological malignancies. Patients treated for Hodgkin's disease (as opposed to other
malignancies) are at particular high risk of breast cancer because: a) Excellent prognosis for
irradiated patients, b) Young age at exposure that increases the time at risk, c) Exposure at a
physiologically vulnerable puberty period. d)-Large amount of breast tissue that receives
primary or scatter radiation. Several large retrospective reviews of patients treated for
Hodgkin's disease is now available and provides risk estimates for subsequent breast cancer
and give suggested follow up guidelines.

One of the first reviews was published by Kaldor [20]. He reported the incidence of second
malignancies following treatment of several types of cancer using 11 population-based
registries including over 133,000 patients. No information was available on treatment given or
other risk factors. Overall, the risk of second cancer at least 5 yr. after treatment for Hodgkin's
disease was 90% greater than expected (415 vs. 218). Breast cancers were increased (62
observed vs. 44 expected. RR=1.4). The incidence peaked between 10-15 yr. of follow up.

The data from the British National Lymphoma Investigation on 2846 patients treated for
Hodgkin's disease between 1970-1987 was reviewed by Swerdlow [21]. Mean follow up
differed by treatment category causing XRT treated patients to have longer follow up.
113 second primaries were recorded for a RR=2.7. Most of these were hematological (only
6 breast primaries: RR=1.2). Patients treated with radiotherapy alone did not have a increased
leukemia risk. Yahalom [22], form Memorial Sloan Kettering Cancer Center found similar
findings and recommended mastectomy as the treatment of choice for these patients, and
suggest screening mammography 8 years following radiation. Radiation induced breast
cancers did not differ significantly, form the pathological point of view with a cohort of
patients with breast cancers not induced by radiation.

Hancock from Stanford Reviewed records of 885 women treated for HD between 1961-1993
(with a mean follow up of 10 years) [23]. 25 patients developed breast cancer (RR 4.1)

• Age at time of radiation influenced risk. The biggest RR was for patients younger than
15 years (136), versus 49 for patients ages 15-24, 7 for those between 24-29, and 0.7
for those older than 30.
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• Length of Follow up also turned out to be an important factor. If less than 15 years, R=
2.0, versus 13.6 for patients with more than 17 years of follow up.

Chemotherapy increased the risk of breast cancer22/26 cancers arose within or at the margin
of the radiation field. Majority also arose in full dose area (4 Gy).

Leeuwen has reported several analysis on patients treated for Hodgkin's disease in the
Netherlands [18,24], including a 20yr. follow up study of 1939 between 1966-1986. Overall,
the RR for second cancer was 3.5. The overall risk of breast cancer was not increased
(RR=1.1), but when analyzed by age at irradiation, those with 15 years of follow-up had a
RR=4.1 if treated at age 20-29, compared with RR=41.8 for those treated at age less than 20.

Detailed dosimetrical analysis, including 3-D differential dose volume histogram have been
developed [19,25,26] to determine doses to various parts of the breast in order to develop a
linear model for carcinogenesis. This model attempts to take into account the bimodal dose
distribution within the breast and come up with an integral dose to predict for secondary
breast cancer.

3. Conclusions

1. The RR for developing breast cancer after irradiation for Hodgkin's disease is somewhere
between 4 and 40 depending on age of exposure and length of follow-up.

2. It is unknown whether the increased incidence represents true disease induction or is a
mere shift in the age curve

3. Chemotherapy might have an additive role, although lack of chemo only treated patients
makes this difficult to assess

4. Vigilant screening is necessary but probably not until 8-10 years following irradiation.
5. There is evidence for non-proliferative and proliferative disease induced by radiation of

the breast parenchyma. The correlation is strongest for the group of ages 40-49 at the time
of the exposure.

6. The excess of breast cancers appears to be confined mainly to the group of women
exposed before 40 years of age.

7. The increased rates of breast cancer are not apparent until about 10-15 years after the
initial exposure.

8. Breast cancer is not significantly increased with occupational exposure to ionizing
radiation

9. For exposures to doses less than 5 Gy there is a clear dose-response linear relationship,
with no threshold

10. At doses higher than 5 Gy there is an increase also, but with a leveling off in the increase
of relative risk, because the cell killing is obvious.
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