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o. PANCRF;AS 

1 
The NAS-BEIR report referred to cancer of the pancreas as 

one of a nuober of cancers reported to occur in excess in persons 

exposed to ionizing radiation; information on incidence in human' 

populations was relatively limited, however. The 1969 ICRP Report 
2 

14 listed the pancreas among organs of. apparent, but uncertain, 

sensitivity to radiation carcinogenesis. This observation was 

based on preliminary data on reported excess mortality fron pan-

creatic cancer among Briti"sh radiologists who entered the practice 
3 

of radiology before 1921 and among ankylosing-spondylitis patients 
4 

treated with radiation. The pancreas was one of the heavily 

irradiated organs considered by Court-Brown and Doll in their 
4 

survey of the ankylosing-spondylitis patients treated with 
5,6 

radiation. The risk of pancreatic cancer at moderate r~diation 

doses was difficult to assess, although it seemed likely that it 

was relatively low, for example, relative to the risk of leukemia 
7 

induced under the same conditions of irradiation. There are no 

definitiveexperir.lental studies in animals on the radiation induc-

tion of cancer ~f the pancreas or other pancreatic tumors. However, 

.pancreatic cancer was found in mice exposed to gamma irradiation, 

although not in suffiCient numbers to establish its induction by 
8 

radiation. 
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Radiotherapy for Benign Disease 

The initial study of 14,554 ankylosing-spondylitis patients 
4 

treated with irradiation foundniqe deaths from pancr,e,atic canc'er, 

coopared with'3~78 expected according to population rates, or 5.2 

(0.9-11.9)*. excess cancer deaths .in patients followed from 6 yr 

after the first irradiation treatment .),mtilJa,nuar,y 1, 19,60. 

Furthermore,. ,there were ,12 obse,rved deaths due to ,pancreatic cancer,' 

compared with 5,.,71 expected, ora,:n ex:cess of 6.},{!. 2.,.1.3.7), in a11 

incomplete follov.TUp of treated· patients to January 1" '1963" •. 
9,10 

The most recent. analysis by Doll. and, Smith, "9.£ 14,109 'i' 

ankylosing-spondyli tis: patients who had received radiotherapy"., 

and who were later followed ;from the d;:tte of their first 'treatment· 

until the yeai after their second treatment, if anyj~ or until 

January 1, 1970, .. found a significant increase in .deaths from cancer..',:,',· 

of,the pancreas. The excess was 8.5 (1.2-17.0) cancer cases; or 

18 deaths'observed versus 9.49 expected (mean followup, 9.5yr; all 
9,10 

deaths due ~o pancreatic cancer; 134,036 PY).In asubset·of 

6,838 patients observed for 6 yr or more after radiotherapy, 'with' 

a mean followup: ofI7.3yr, this estimate fell to 4.5 (-0.5 to 12.0:) 

excess deaths from pancrea,tic c,ancer (12 deaths observed versus 

7.47 expected) • Thisisto be compared with no e.xcess deaths due 

to cancer of th~. 'pancreas observed in 836 patients. ,with ankylosing 

spondylitis (total, 1,021 patients in the series) not given x-ray 
11,12 

therapy, with an average followup of 7.9 yr to Janu'ary 1, 1968. 

*Numbers in parentheses are 90% confidence intervals. 

.,' -;,> 
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The values for this control series were one case of ~ancer of the 

pancreas observed versus 0.8 expected. 

There were six. deaths observed versus 2.02 e~pected ~uring 

the first 6 yr after treatment; this suggested either that the 

minimal latent period for .radiation-induced pancreatic cancer is 

less than 6 yr or that the treated disease had an associated risk 

of cancer of the pancreas. Cocplete followup of the patient group 
11 ,12 

with ankylosing spondylitis not treated with radiation does 

not clarify this, in that one death from pancreatic cancer was 

observed versus 0.8 expected from the second year after enrollment 

in the patient series until January 1,1968. However, this figure 

is nevertheless consistent with an underlying risk some 2-3 times 

that expected according to population rates. Nevertheless, the 

pancreas was, not prominent a&long tissues associated with excess 

mortality in the series of irradiated patients; the overall finding 

was ?1 cancer deaths from all cancers versus 21.51 expected froTa 

the population rates. 

If it is assuced that the mean radiation dose to the pancreas 

was approximately 90 .rads* for the trea.tment group receiving only 

one course of. radiotherapy,these data suggest an absolute risk of 
6 

0.70 (0.10-1.4) excess death from pancreatic cancer per 10 patients 

exposed per year per rad (PYR), assuming no minimal latent period, 
6 

and an excess of 0.44 (~0.06 to 1.16) death per 10 PYR beginning 

6 yr after treatment. 

*See Appendix , p. 
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Ato",ic~Bomb Survivors, Hiroshima and Nagasaki 
14 

The most recent survey of the Atomic-bomb life span study 

mortality data on survivors in Hiroshima and Nagasaki contains 

little suggestion of a firm relationship between radiatiori dose 

and the induction of pancreatic cancer. However, cancer of the 

pancreas is often poorly diagnosed, on to death c~rtificates 
·15 

in Japah', "and death certificates are' cOnrinonly compieted b~'fore 

autopsy findings become known. A search of the tumor registries 

maintained by the city medical associations of Hiroshima and 

Nagasaki has, nevertheless, revealed suggestive evidence of an 

increasing t'rend 1'n the induction 'of pancreatic cancer with 
,,', : 

increasing radiation dose, among mefubers of the life spart st~dy ", 
14 

during the period 1954':"1970. For the two cities combined, 

the estimated linear trend was 0.18 + 0.15 eXceSS case of pan-
6 

creatic cancer per 10 PYR(kerma) (.E. = 0.09). For'a ratio of 

organ dose to kenna dose of 0.37 for the two cities combined , " 
, 6 

for an RBE of 1, the excess cancer risk is 0.49 + 0.41 per"10 

. .' ". 
persons per yea,r per rad. For the two cities separately, how-

ever, the 'trend" toward an increased incidence of cancer oftne 

pancreas appears inthe Nagasaki surviv6rs~ but not in the 

. ~ " 

Hiroshima "survivors; the risk estim'ate" for 'the Nagasaki survivors 
6 

was 0.33 +'0.21 excess cancer per 10 persons exposed per year 

per rad"kerma (.E. = 0.04).' Fora" ratio of organ dose to"kerma 

dose of 0.40* for Nagasaki exposure, for an RBE of'l, the estimate 
6 

is 0.83 + 0.53 excess cancer death per 10 persons per year per rad. 

For the Hiroshima survivors, it was 0.04 + 0.22 excess cancer per 

',: " 
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6 
10 persons exposed per year per rad kerma (.E. = 0.37); conversion 

factors .for kerma dose for RBE factors up to 5 do not improve the 

accuracy of this estimate. These estimates of excess cancer-

induction rate are subject to bias, in the sense that the known 

a~omic-bomb survivors, or survivors known to have been heavily 

exposed, may rece~ve more thorough diagnostic medical attention 

than would other persons under normal circumstances. The conclu-

sion may be drawn, however, that, although the life span study data 

for the 24-yr followup period after exposure to September 1, 1974, 

by themselves do not suggest a firm radiation effect, the data do 

lend plausibility to the epidemiologic evidence fron the ankylosing-

spondylitiS patient series. 

Occupational Exposure 

Pancreatic cancer is one of the two cancers reported by Mancuso, 
16,17 

Stewart,and Kneale and confirmed by other analysts of the same 
18-20 

naterial to be associated with cumulative radiation-badge dose 

_ among nuclear workers at the Hanford Works. Doubling-dose estimates 

based on proportional mortality analyses and assuming a linear dose 
16,17,19 

response are extremely low, from 7 to 13 rem, and a 

population~based data analysis yields a formal absolute risk estimate 
6 20 

of about 10 exc~ss deaths per 10 persons exposed per year per rem. 

aowever, although the various analyses of these data confirm that the 

observed -association of pancreatic cancer mortality with cumulative 

badge dose is unlikely to be an artifact of the original analysis, 

thete remains considerable doubt that these data give an accurate 
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representation of the relatibnship between radiation dose and 

pancreatic cancer. Both exposed and nonexposed workers showed 

higher-than-expected SHRs with respect to cancer of the pancreas, 
21 

which has been linked to chemical exposures. Further, and Dore 

complete, studies of cancer risk and exposures to radiation and 

19 

other potential carcinogens among nuclear workers are neec;1ed. The 

preliminary findings frqm the Hanford study suggest the existe~ce 
; ~ .. 

of an JQcreased risk of pancreatic cancer among nuclear workers that 

may or may not be causally related to radiation, but these data appear 

to offer only limited information about the dose-response relation 

between this cancer and radiation. 

Radiotherapy for Malignant Disease 

} 

Excess mortality from pancreatic cancer (seven cases.observed 
',",!', 

versus 2.85 expected) has been reported in 925 patients who survived 
. • 22' 

5 yr or more after radiotherapy for carcinoma of the cervix. Pan-

creatic carcinoma has been reported in patients treated with raqiation 
23 

for lymphoma. Dose estimates are not available for the reliable 

assessment of excess risk 'in these radiotherapy patients., 

Conclusions 

~ew data from the British survey of ankylo~ing-spondylit{s 

patients treated with radiati6n tend to confir~~n~ ~efine ~he 
. . 

earlier observ~tionsof ~n increased tadiation ~isk of caricet of 

the pari.creas. The most rece'ntreport of the; atomic-bomb 'rife span 

study ~f japanes~ survivors h~s ~uigestei a radiation dose-tespons~ 

relationshi'p for pancreatic cancer, but this is not apparent from 
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death-certificate information. A recent study of proportional 

mortality among workers at the Hanford nucle~r plant suggested 

that workers in the nuclear industry may be at increased risk 

of pancreatic cancer. Nevertheless, pancreatic cancer continues 

to be an especially difficult malignancy to study ·for possi~le 

I' , 'v radiation carcinogenesis. Thus far, the only three positlve 

studies have given widely varied risk estimates. This may be 

explained, at present, on the basis of inaccuracy of death-

certificate diagnoses, ascertainment bias, inaccurate or incom-

plete dosimetry, and the possible asso~iation of radiation with 

other carcinogens and environmental pollutan~s. It appears, 

primarily from the series of ankylosing-spondylitis patients, 

and the life span study data on atomic-boob survivors, that it 

1s likely that the increase in, pancreatic-cancer induction rate / 

may be attributable to exposure to radiation. The induction rate 

per rad appears to be low, but this is not known with certainty. 

l.) 
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