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INTRODUCTION 
 The quantitative assessment of the contribution of radiation and other 
risk factors is important for refining radiation risk estimates cancer induction in 
connection with the polyetiology and multistage of malignant tumors 
development. Pancreatic cancer is one of most rapidly fatal cancers. It was 
shown that the diet, smoking, alcohol abuse, heredity, chemical agents and high 
level of radiation exposure may increase the risk of pancreatic carcinoma 
(Anderson K.E. et al., 1996; Kleinerman R.A. et al., 1994; Nyberg U. et al. 1994). 
Thus, when studying radiation-induced pancreatic cancer morbidity, it is also 
important to evaluate the influences of other key non-radiation risk factors.  

 
MATERIALS AND METHODS 
 This retrospective, “nested case-control” study is focused on estimating 
the influences of radiation and non-radiation risk factors (i.e. chronic digestive 
diseases, smoking, alcohol consumption) on the incidence of the pancreatic 
cancer among Mayak PA personnel chronically exposed to alpha and gamma 
radiations.  

The “case” group included 81 Mayak PA workers (71 men and 10 women) 
with morphologically confirmed cancers of pancreas that were diagnosed during 
1961-2003.  The “control” group consisted of 162 Mayak PA workers, who had no 
pancreatic tumors. The control group included workers from the same Mayak PA 
plants as the case group and was matched by sex, year of birth ± 5 years, year 
of starting work at the Mayak PA ± 2 years. The case-control ratio was 1:2. 
Information about levels of radiation effect, disease incidence, smoking and the 
alcohol consumption were taken after shaping of case and control groups and, 
therefore, have not affected on selection of control group.  
 Most of individuals (77.5%) were employed during the early years of the 
commissioning of the first Russian nuclear facility, Mayak PA, the period of 
excessive exposures to external gamma rays and internal alpha radiation. 
External gamma radiation exposures were recorded by the dosemeter-control 
service of the Mayak PA, using individual film bages. The thermoluminiscence 
method has been applied since 1988 (Vasilenko E.K. et al., 2000). 

239Pu body burden was estimated in the SUBI Laboratory of Internal 
Dosimetry by its spontaneous urine excretion (Khokhryakov et al. 2000 a,b). This 
investigation is based on the radiochemical method of double phosphate 
precipitation of 239Pu  (Rus. Fed. State Stand No 37-2/93).  

The total-body dose from external gamma rays and 239Pu body burden were 
estimated for each case and its control for the period from initial exposure up to 
the date of cancer diagnosis.  Total external gamma irradiation varied from 0-
6.78 Gy: 0 Gy – 9%;  0-0,05 Gy - 24%; > 0,05 - 0,5 Gy - 29%;  >0,5 - 1,0 Gy - 11%; 
>1,0 -2,0 Gy - 15%;   >2,0 Gy - 12%. 239Pu body burden also spanned a wide range 



from 0−46.32 kBq: 0 kBq - 44%; > 0 – 0,74 kBq - 33%; > 0,74 – 1,48 kBq - 10%; > 
1,48 – 3,7 kBq - 8%; > 3,7 kBq - 5%.  

The average age at the time of tumor diagnosis was 59.8 ± 1.2 years.  The 
mean age of workers at the start of employment was 25.9 ± 0.8 years and the 
average time from employment at Mayak PA to diagnosis of the disease was 34.0 
± 1.3 years.  

 Information on chronic digestive diseases, smoking and alcohol consumption 
was obtained from medical records (ambulatory cards, case histories).  Medical 
follow-up of the case and control groups was the same as for all nuclear workers 
at the Mayak PA.  Data on pancreatic tumor morphology are based on autopsy or 
biopsy protocols.  
 The alcohol consumption was characterized using three disjoint levels: 

1. Rare drinker: less than 40 mL ethanol per wk. 
2. Moderate drinker: about 200 mL ethanol per wk. 
3. Heavy drinker: much more than 200 mL ethanol per wk. 
The smoking index (SI, product of daily smoked cigarettes and years of 

smoking) was used as a cumulative index. Individuals who prior to employment at 
the Mayak PA worked at least 6 m at a chemical plant were considered to have 
prior contact with chemicals. Prior to employment at the Mayak PA, 7.4% of 
individuals had worked with chemical agents; 71.2% were smokers; 16.5% abused 
alcohol. 
 The case and control groups were compared using both single independent-
variable and multivariate analyses. Comparison of arithmetic means based on 
the t-test. The multivariable analysis was conducted by the procedures of a 
multiple conditional logistics regression (Breslow N.E., Day N.E., 1980). Adjusted 
odds ratio (ORad) with 95% confidence intervals (95% CI) was calculated to derive 
the risk factors associate with pancreatic cancer. Attributable risk was also 
calculated using methods described in Fleiss (1981) and Rothman (1996). The 
statistical program SAS Version 8.02 was used (SAS Institute 2001). A p-value ≤ 
0.05 was considered significant in all statistical tests for associations.  

 
RESULTS 

 Table 1 presents the basic clinical, dosimetric, and other data for Mayak 
PA workers with or without pancreatic cancer (for cases and controls). 239Pu body 
burden was significantly higher in case group (2.54 kBq � 0.56 kBq, p < 0.03). 
Total external gamma-irradiation was also higher among pancreatic cancers 
cases (0.84 Gy � 0.68 Gy), but it did not reach the level of significance (p > 0.1).   
 The main differences between case and control groups were observed on 
smoking and frequency of alcohol abuse. The proportion of subjects with alcohol 
abuse was 3 times higher in the case group (30,9% and 9,3%, correspondingly, p < 
0,001) and the proportion of smokers was  1.5 times higher (59,3% � 39,8% 
correspondingly, p < 0,01) among persons with pancreatic tumors. Frequency of 
chronic digestive diseases, especially, diabetes mellitus (6,2% � 3,1% 
correspondingly), and gastrectomy (3,7% � 1,2% correspondingly), was also 
higher in case group, but these differences did not reached significance level (p > 
0,1). There were no significant differences between the case and control groups 
with respect to prior exposure to chemical agents (p > 0.1). Thus, comparisons of 
the case and control group averages at the 0.05 level of significance indicated 
that the pancreatic cancer occurrence might be associated with 239Pu body 
burden, alcohol abuse, and smoking.  

The results of multifactor regression analysis indicated that 239Pu body 



burden, alcohol abuse, smoking was significantly associated with pancreatic 
cancer occurrence (Table 2). A significantly elevated ORad of 8.6 (95% CI: 2.2, 
34.5) was obtained for the 239Pu body burden  > 3.7−46.3 kBq relative to the 
interval 0−3.7 kBq; the corresponding AR was 7%. The ORad was 3.9 (95% CI: 1.9, 
8.2) for alcohol abuse and AR was 17%. For smokers an ORad of 2.0 (95% CI: 1.1, 
3.6) was increased relative to non-smokers and ex-smokers, AR was 25%.  
No significant influence of chronic external gamma radiation (total dose 0 - 6.8 
Gy) and the prior exposure to chemical agents, or chronic digestive diseases was 
found based on ORad (Table 2). 



 

Table 1. Basic clinical, radiation and other data for Mayak workers with (case) and 
without (control) pancreatic cancer 

  Average ± error  

Risk factors Unit 
Case 

(n = 81) 
Control 

(n = 162) 
p 

value 

Total dose from external 
gamma radiation  

Gy 0,84 ± 0,13 0,68 ± 0,07 > 0,1 

239Pu body burden  kBq 2,54 ± 0,87 0,56 ± 0,09 < 0,03 
Prior exposure to chemical 
agents 

% 9,9 ± 3,3 6,2 ± 1,9 > 0,1 

Viral hepatitis % 18.2 ± 5.8 12.6 ± 3.1 > 0.1 
Chronic cholecystitis and 

gallstone disease 
% 31.8 ± 7.0 33.3 ± 4.5 > 0.1 

Chronic gastritis % 56.8 ± 7.5 42.3 ± 4.7 > 0.1 
Stomach and duodenum ulcer % 15.9 ± 5.5 15.3 ± 3.4 > 0.1 
Chronic colitis % 13.6 ± 5.2 18.0 ± 3.6 > 0.1 
Chronic pancreatitis % 2.3 ± 2.3 4.5 ± 2.0 > 0.1 
Smoking:   smokers y 59,3 ± 5,5 39,8 ± 3,8 < 0,01 
                  ex-smokers  18,5 ± 4,3 29,0 ± 3,6 < 0,001 
                  non-smokers  22,2 ± 4,6 32,1 ± 3,7 > 0,1 
Years of smoking y 38,0 ± 1,7 33,6 ± 1,4 < 0,04 
Intensity of smoking (smokers) cig⋅d-1 21,2 ± 0,7 16,8 ± 0,7 < 0,0001
Smoking index (smokers) cig⋅d-1⋅y 812,8 ± 42,7 568,2 ± 32,2 < 0,0001
Alcohol consumption: misuse % 30,9 ± 5,1 9,3 ± 2,3 < 0,001 

moderate % 50,6 ± 5,6 64,2 ± 3,8 < 0,05 
rare % 18,5 ± 4,3 26,5 ± 3,5 > 0,1 

Chronic gastritis   % 29,6 ± 5,1 20,4 ± 3,2 > 0,1 
Duodenum and gastric ulcer % 18,5 ± 4,3  13,0 ± 2,6 > 0,1 
Gastrectomy % 3,7 ± 2,1 1,2 ± 0,9 > 0,1 
Polyposis gastrica % 2,5 ± 1,7 0,6 ± 0,6 > 0,1 
Chronic cholecystitis and 
cholelithiasis 

 33,3 ± 5,2 24,7 ± 3,4 > 0,1 

Chronic hepatitis and cirrhosis  6,2 ± 2,7 4,9 ± 1,7 > 0,1 
Chronic pancreatitis  1,2 ± 1,2 1,8 ± 0,1 > 0,1 
Chronic colitis  9,9 ± 3,3 8,0 ± 2,1 > 0,1 
Intestinal polyposis  2,5 ± 1,7 1,2 ± 0,9 > 0,1 
Diabetes mellitus  6,2 ± 2,7 3,1 ± 1,4 > 0,1 
 

 

 

 
 



Table 2 - Dependence of pancreatic cancer on value of different risk factors 

Risk factors Case Control
 

ORcr 
ORad  

(95 % CI) 
AR 

 

239Pu body burden, kBq:      
≤ 3,7 71 159 1,0 1,0  

> 3,7 – 46,3 10 3 7,5* 8,6* 
(2,2 – 34,5) 

7% 
 

Smoking:         
non-smokers and ex-smokers 33 99 1,0 1,0  
smokers 48 63 2,3* 2,0* 

(1,1 – 3,6) 
25% 

 
Alcohol consumption:      
moderate and rare 12 44 1,0 1,0  
abuse 15 11 5,0* 3,9* 

(1,9 – 8,2) 
17% 

 
*- significance influence (P < 0,05) 
 

 

 

DISCUSSION 

This retrospective nested case-control investigation has revealed, that high 
level of 239Pu incorporation (> 3,7 kBq), alcohol abuse and smoking were 
significantly associated with pancreatic cancer incidence in nuclear workers at 
the Mayak PA. Current smoking increased the risk of the pancreatic tumor 
development up in 2 times, this fact well coincides with the other authors results 
(Falk R.T. et al., 1986). There are similar numbers of publications on the 
presence and absence of an association between alcohol consumption and 
pancreatic cancer. But it was be noticed that relative risk of pancreatic 
malignances was 3.0 among persons, who had more than 6 drink of alcohol per 
day (Klatsky A.L. et al., 1981). Our data indicated that risk of pancreatic cancer 
increase to 3,9 at alcohol abuse. The high risk of alcohol misuse might be related 
to daily using of poor quality alcoholic drinks contained carcinogens.  

Influence of external gamma irradiation on pancreatic cancer was found 
after radiotherapy of urogenital cancers and peptic ulcer at the high levels of 
exposure (Boice J.D. et al., 1988; Kleinerman R.A. et al., 1994; Travis L.B. et al., 
1997).  Among atomic bomb survivors in Japan increase of pancreatic tumors risk 
was not observed (Thompson D.E. et al., 1994).  No association with pancreatic 
malignances was found for chronic gamma-ray doses  < 6.8 Gy in our Mayak PA 
workers investigation.  

Excess of pancreatic cancer at internal alpha-irradiation was noted in 
some studies among 232Th exposed persons, relative risk was estimated as 2.4 – 
4.1 (Kleinerman R.A. et al., 1994; Van Kaick G. Et al., 1999).  Our research also 
has confirmed the fact, that pancreatic cancer might be associated with high 
level of internal alpha-irradiation, but the magnitude of risk will be specified in 
the future investigation on the base of absorbed alpha radiation doses.   

 



CONCLUSIONS 
Thus, the finding of this nested case-control study suggest that high levels 

of 239Pu incorporation (239Pu body burden > 3.7), alcohol abuse and smoking were 
associated with  increasing the risk of pancreatic cancer among Mayak PA 
workers chronically exposed to ionizing radiation. The contribution of non–
radiation factors (alcohol abuse and smoking) to pancreatic tumor incidence is 
greater (AR=51%) than 239Pu incorporation kBq; AR = 7%). No significant effect of 
external gamma rays (≤ 6.8 Gy), prior exposure to chemical agents, or chronic 
digestive diseases was found on the incidence of pancreatic tumor.       

Evaluation of the absorbed alpha-radiation pancreatic dose will permit to 
make more exact the 239Pu risk estimation in the further extended study.   
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