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1. Introduction CZ9928447

Malignant tumours have a polyetiological and multistage development, which makes it important to
assess the contribution of the different factors and of their interaction. On the one hand, the assessment
is necessary for developing more precise models and morbidity prognosis, and on the other it could be
helpful for the analysis of the carcinogenic mechanism.

The literary data about the factor interaction are numerous but contradictory. It was informed about ad-
ditive, multiplicative and even antagonistic character of radiation factors and smoking interaction.

Earlier we have described lung cancer cases of workers at a nuclear enterprise [1] and assessed dose-
effects for three main etiologic factors: body-burden of 239Pu, chronic external gamma-irradiation and
smoking [2]. Each factor was assessed separately (adjusted to the two others).

In this article the interaction of the factors is assessed, which should reflect the real relationships be-
tween etiologic factors and lung cancer morbidity. In addition, possible mechanisms of this interaction
are analyzed on the basis of a two-mutation model of irradiation carcinogenesis [3].

2. Subjects and methods

The work was done on the basis of the results of retrospective (case-control) investigation of 500
workers at a nuclear enterprise (162 cases of lung cancer, verified by morphological investigation, 338
persons as matching control). Matching was made by sex, age, time and place of work. The levels of ir-
radiation influence and smoking were very different: chronic external gamma-irradiation from 0 up to
10 Gy, body-burden of 239Pu from 0 up to 141 kBq, SI (product of smoking duration in years and num-
ber of cigarettes per day) from 0 up to 2000.

Statistical analysis. Crude adds ratio (OR) was calculated for four groups with different combination
of levels (low, high) of two investigated factors. The character of the interaction was estimated on the
basis of the comparison of the OR of three groups that had: 1) a significant level of one factor only, 2)
a significant level of the other factor only, 3) a significant level of both factors. In that case estimation
criteria were following:

additivity of two factors A and B ORAB = ORA + ORB - 1
multiplicativity of two factors A and B O R A B - ORA ORB

antagonism of two factors A and B ORAB < ORA + ORB -1

3. Results

Higher levels external y - irradiation (>2.0 Gy) and 239Pu body burden (>9.3 kBq) show a certain influ-
ence of the 239Pu body-burden and not show an influence of the external gamma-irradiation only, but
the common effect of two factors was certain and had multiplicative character (Table 1).

During the estimation of smoking interaction with each of the radiation factors we noticed that the
character of their interaction could be different for different parts of the smoking scale (SI 200 up to
2000). That is why the assessment of the interaction between the radiation factors and smoking was
made for different levels of smoking. Table 2 shows the results of the interaction between external
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gamma-irradiation and smoking. Additivity was noted at levels >2 Gy and SI=201 to 500; multiplica-
tivity at >2 Gy and SI= 501 to 800; the effect was less than additive (antagonistic) at > 2 Gy and
SI=801to2000.

Table 1. Interaction between external y - irradiation and 239Pu incorporation in connection with lung
cancer incidence

Factors OR Joint effect

1. High level 3 Pu incorporation
239Pu (9.4 -141 kBq) 3.3

y-irradiation (1.0-9.3 GY) 1.2 OR 6.9
Multiplicativity

OR < 1.3 is insignificant

Table 2. Interaction between external y - irradiation and smoking in connection with lung cancer inci-
dence

Factors

1. Low level of smoking
Smoking (201-500 SI)

y - irradiation (2.0-9.9 Gy)

2. Middle level of smoking
Smoking (501 - 800 SI)

y - irradiation (2.0-9.9 Gy)

3. High level of smoking
Smoking (801 - 2000 SI)

Y - irradiation (2.0-9.9 Gy)

OR

3.1
2.7

4.2
2.7

5.7
2.7

Joint effect

OR 5.0
Additivity

OR 12.4
Multiplicativity

OR 5.1
<Additivity

The combined influence of 239Pu body burden (>9.3 kBq) and increasing effect of smoking changed
from additive up to multiplicative and then up to antogonistic, too.

Considering the obtained results, we must take into account the time-dependent distribution of rates
and accumulated doses of investigated factors because all of them are protracted.

4. Discussion

We have attempted to analyze the data by the use of the two-mutation model of radiation carcinogene-
sis by Leenthouts and Chadwick [3]. The basic theory of the model is that two mutations are necessary
for the transformation of a normal stem cell through an intermediate stage (the first mutation) into a
malignant cell (the second mutation), which then develops into a tumor.

The model considers the following possibilities: 1) any kind of ionizing radiation could act as mutation
agent for the first and the second mutation, 2) ionizing radiation causes one mutation and the second
could be caused by any other agent (physical, chemical, smoking) which means it could be spontane-
ous.

Using this model we must bear in mind that the influence of two different factors at the same stage of
carcinogenesis (whether it is the first or the second stage) will be summed up as additive, whereas two
individual factors influencing the process of carcinogenesis at different stages carcinogenesis will be
revealed in form of a superadditive or a multiplicative effect. The influence of two factors to decrease
the effect is also possible. That is antagonistic (or less than additive).

It follows from the received data that the superadditive or multiplicative effect and consequently the in-
fluence at different stages of carcinogenesis was observed in the following pairs: 1) external gamma-
irradiation and the body-burden of 239Pu, 2) external gamma-irradiation and medium level of smoking,
3) body-burden of 239Pu and medium effect of smoking. The time relation of maximum efficient quali-

52 Session 1



IRPA Regional Symposium
Radiation Protection in Neighbouring Countries of Central Europe. Prague. 8-12 September 1997

ties of influencing factors testify that the influence of external gamma-irradiation corresponds to the
first stage of carcinogenesis (formation of intermediate cells) and the alpha-irradiation from the body-
burden of 239Pu or smoking to the second stage (formation of malignant cells). The antagonistic (or
subadditive) effect of external gamma-irradiation and a high level of smoking could be associated with
the cytotoxic influence of smoking at the second stage and with the partial decrease of the intermediate
cell population due to cell killing as well as the loss of capability for division.

An additive effect was noticed for the following pairs: 1) external gamma-irradiation and low levels of
smoking, 2) the body-burden of 239Pu and low levels of smoking. Consequently, these influences were
effective at the same stage of carcinogenesis, evidently at the first stage (building of intermediate
cells). The second stage was caused by any spontaneous mutation. The last event was not considered in
our data.

In such a way the material presented testifies that the character of factor interaction could be associated
with the quantitative and the qualitative characteristic of radiation and of other factors (low and high
linear energy transfer, external and internal irradiation) and with some physiological conditions of the
organism. Evidently, this fact leads to a variety of estimated results as far as the interaction of the same
factors in different investigations is concerned (that is for different contingents). Thus, different inter-
action assessment in different investigations are very probably and therefore each contingent needs a
special interaction investigation.
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