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likely that we should ever have direct statistical evidence of radiation-
induced cancers occurring in populations whose exposures were governed Dy
these standards. This is not because no 2ffect was assumed to ex’st at these
dosa levels, but rather because the effact was considered to be so low tnat
practically unastainable sample sizes would be needed to Jdemonstrate that any
excess risk axisted.

The paper bty “ancuso, Stewart, and Kneala (hersaftar denotad HSK)13,
describing a propertional mortality analysis of Hanferd plutonium workers
with respect t3 individual radiation exposures cbtained from radiation dadge
readings, is the first published repert relating cancar martality to routine,
monitored, low-level occupational axposure to radiation. Their findings have
seme as a great surprise because in an ana1ysis?gome 3500 deaths, 2200 of them

among exposed workers with an average cumulative dose of less than 2 rem at

time of death, they claim to have found statistical evidence of radicgenic

-

cancer in general, and cancers of the 1ymphopoietic system, pancreas, and lung in

particular. Their findings suggest doubling doses of arcund 12 rem for all
cancers as a group, 7 rem for cancer of the pancreas, § rem for lung cancer,
2.5 rem for Iymphatic cancers in general and 0.5 rem for bone marrow cancers.
In addition, they claim that most of the excess cancers have been causad dy
exposures received before the age of 25 or after the age of 45, and that ages
25-45 are a pericd of minimal sensitivity to Tow-Tevel radiaticn effacts.
Wwhile the risk estimates obtained by MSK are an order of magnitude aor
more greater than thos2 obtained in the vast majority of cther studies, they
cannot be dismissed out of hand, not least becausa they are based on direct

observation of munitored and regulatod industriai oxpesures, Estimatos
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on other expcsed populations, on the other hand, apply only by analagy 2
industrial exposures. Also, it is not enough to point cut methodolegical
weaknesses in the MSX study that could conceivably have hiased their results;
in order to fully assess the strength of their evidence it may be necessary
to improve the analysis. In other words, the task befare the present authors
is to see whether the data used by MSK justify their conclusicn

The present report falls naturally into two par%ts: a review of the
statistical metheds used by MSK, without regard to the biological plausidility
of their resuits, and a review of their conclusions, after any necassary
revisions, from a biolagical point of view. Qur review is incomplete in that
we were unable to undertake a cohort analysis, including deth 1iving and dead
workers, which we felt was the appropriate analysis for the Hanford workars.

Instead, we limited ourselves to the proportional mortality approach used by MSK.

- Review of Statistical Methods

A data tape was obtained from Qak Ridge Naticmal Lapcratory giving cause
of death, exposure status, and cumulative dose at death and at 3, 5, 12, 15,
and 20 years prior of death for all deaths occurring between 1347 and Cecember
31, 1973. Cur data set contained 3610 deaths, including 2238 ameng exposea
carkers, 3as compared to 3520 deaths, including 2134 among exposed workers, in
the MSK series. As can be seen from Tabie 1, the numbers of deaths and the
cumylative doses at death agrze well with thosa reportesd by MSK, by cause of
death and exposure status. Cxceptions are the numbers of deaths fram 2xterng!
causes (ICD S0C-999) ana the average dose for ICD codes 380-7%6. e have boun

ynable to ¢xplain the differences, but thoy do not appear %3 He impcrtant.
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A potential source of bias in the MSK analysis that particularly
concarned us was confounding betwesn cause of death, cumulative drse, and
age and year of death. For example, cumulative dose inCreases with time and
therevore also with age, and cancer rates vary with age and also, sometimes
over time. OQur solution was to test for dose relationships by a summary

M'17. adjusting for age at death in three levels

contingency table approach
(20-19, 50-84, 65+) and year of death in three levels (1343-60, £1-67, 68-73).
Columns of the tablaes corrasponded to radiation dcse intarvals Q0-24, 25-44,
45-64, 65-34, 85-104, 105-204, 205-403, 405-604, 505-1004, and 10CS+ centirems,
respectively. A single trend statistic, based on the average dose values for
each of these intervals and the numbers of deaths in each, was used to test

for increasing trends in proporticnal mortality with increasing dose. “ast
;tsults without adjusiment for age and year of death agreed well with tnose
obtained by MSK.

In keeping with the MSK practice of using average cumulative doses as
dascriptive statistics, we have usaed averages adjusted to the age- and year-of-
death distribution of all 2238 deaths among exposed workars,

Both the MSV tast statistic and the trend statistic described above are
approximately normally distributed under the null hypothesis of no dose
relationship, assuming the dose distribution to Je approximately symmatric.
Pronounced skawness of the dose distribution tends to skew the distribution of

both test statistics, so that extreme values corresponding to iacreasin

wa

proportional mortality for a given cause with increasing dosa, judged Dy the

normality critericn, appear to be more extreme than they really are. Accorisngly,

the prasent aralysis adjusts for skewness by 2 formula based on the third ano
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fourth null moments of the trend statistic .

The present analysis also differs from that of MSK by including only
deaths among exvosed workers, The ncn-exposed workers obviously differ from
the axposed werkers with respect ts job classification and length of employ-
ment, and demecgraphic diffarences scem not unlikely. For oxample, tha prapger-
tions of workers who had been empioyed at Hanford fiveyearsjr more was .52
among deaths for axposed workers and only .1l ameng deaths for non-exposed
workers., Propertionally more deaths among exposad workers than among ngne
exposed workers were due %¢ cancer of the large intestine, rectra, and ftc
digestive cancers in general, to 1ymphosarcoma, ischemic heart diseases, and
myocardial infarction; the opposite was true for cancers of the gallbladdar
and prostate, for unspecified necplasms, chronic myocardial infarction, and 22ute
respiratory diseases (p<.05 in each case for 3 one-sided tast).

Table 2 shows summary contingency tables csrrespending to each c¢f the
diseases in Table 1, plus all cancers. The analysas wera2 computad using 12
dose intervals, but observed and expected values have been summed for acjacern:
dose intervals to give a more compact pressentation in Table 2. Only for cancar
of the pancreas and muitiple myeloma is there any marked asscciation of Zose
with proportional mortality. I[n the case of pancreatic cancer, the associaticn
hinges on 5 of the 32 cases having cumulative deses over 10 ram, whila {hat for
myeloma depends on 3 of the 3 cases having doses aver 13 rems. [f we i3nore
the non-cancers and consider that comparisons were made for 10 secarate cancaers,
it is not uniikely that at least one of these should have correspunded %0 as
extreme a p-value 3as those obtained for myeloma and sancreatic cancer (atout .21)

N

purely by chanca, bdut it is uniikely that two such extrems pe-valuyes would
—

aerefore, the data suggest that one of the fwo Caacers, ™ut

— By 5110

occur by chanca.



PSS\ ——

not necessarily both, may be associated with dosa. The association is not necac-

sarily causal, in the sense that both dose and the lancer could be causally
associated with a third variable, Sut not with each cther.

The MSK analysis looks not only at cumulative dose at the time of
death, but also at various intervals before death. The approach is not
unreasgnasle, }n the sensa that the latent periad of a radicgenic cancer could
make all axgosuras within a certain ~umber of years before death irrelevant £
the cause of deaths, but the approach nevertheless increasas still further
the chances of finding agparent asscciations between dase and certain cancars
that are purely fortuitous. We have repeated the anmalyses of Table 2 enly
for cumulative deses 5, 10, and 13 years befocre death. Table 3 gives adjusted
average cumulative doses correspending to zach interval before death and
each cause, plus the p-values obtained from the appropriate contingency tabla
analyses. For each interval before death, the average curulative dese for all
deaths is also given. The patstern of dosa at 5 years before ceath is similar
to that at death, except that the average dose value for cancar of the pancreas
;S;,t;g%1§s high (p barely less than .0S). At 10 years befcre death, the
dosa discribution for all camcers, as a group, is barely suggestive of 3 dose
relationship, and the same is true for cancar of the kidney. At 10 and 15 years
before death, the dose distributions for deaths from myeloma are extreme, sO
much so that the pattern is reflected in the trend tasts for all lymphopoietic
cancers as 2 group, despite the very low average deses for lymphopoiztic
cancars other than myeloma. The association reported by MSK for lung cancer
apparently was an arsifact of an increasing trend over time of both lung

cancer facidarce and cuzulative dose, becaus? the adjusted anmalysis J9os Aot

-
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suggest a dose relationship for lung cancer.

Overall, the analyses summarized in Table 3 strengthen the evidence
for an association betueen radiation dose and myeloma , and perhaps slightly
weakens the evidence corresponding to pancreatic cancer. There is no evidence
of a dose relationsr 2 for cancers other than these two, considered as a
group. Although ¢-ac2r of the kidney appeared %o De weakly associated with
dose at 10 years tefors death, the evidence is weak indeed.

A comparison sf observed proporticnal mertality with that exzectad
according to national mortality rates for white m;:esI; resulted in the
following observed/expectad ratics for groups of cancers and pancreatic cancar,
myeloma and leukemiz in particular (the packaged program did not allew multiple

myelcma, ICD 203, tc .e treated separataly):

non-exposed exposed 10+ rem
All cancer (140-203%) 236/237 443/405* 20/16.5
Mount and pharynax (147-143) 9/8.1 14/13.5 1/0.5
Digestive organs (150-154) §7/76.6 146/124 5/46
Pancreas (137) 15/13.4 32/23.1 §5/1.0%
Respiratory system (130-153) 66/68.6 138/126 §/6.0
Lymphatic system (200-209) 18/24.4 47/42.1 /1.5
Myeloma, etc. (202,203,208) 4/4.1 10/7.7 3/0.35%
Leukemia (204-207) 9/10.4 11/17.2 1/0.52

* p<.0§ = 0¢.01
3esides the 3lready noted high-dose excesses of myeloma and pancreatic gancar
waich accounts for somewhat more than the odserved hijn-dose excess of all
cancars, ncotadle results fnclude 3 statistizally significant excess of 3!

cancers and 3 nonesignificant deficit of leulemic among 3" axposcd worhers.

LeRiZ2



The excess cancers, ‘n the absance of a dose-response relation, invite 21
explanation in terms of population sel2ction, and the deficit of leukemias
emphasizes the lack of anv dose relationship for these most racdiosensitive
cancers. Tiken togather, the similar but separately non-significant excesses
of pancreatic cancer in exposed and non-expcsed werkers give 2 Sorderline
significance value (p<.05). Pancreatic cancer is kagwn to accur at nigner
than usual levels among chemical workerszo, and the above resuit suggests

the possibility of involvement of an occupational carcinogen cther taan
radiation.

The doubling cose estimates obtained from adjusted averagss are not
greatly different frem those cbtained by MSK, at least for the two cancars faor
which a dose relationship seems most plausible: 1.5, 0.9, 0.3, and 0.2 rem,
respectively, for myeloma at death and 5, 10, and 15 years before death, whils
for pancreatic cancer the correspending estimates are 5.1, 5.5, 4.8, and 7.8
rem. For all cancers as a group the doubling dose estimates are 107, 79, 25,
and 12 rem, depending on the period before death. It is difficult to =ake
such estimates sericusly; even under the sest of circumstances he doubiing
dose estimate has a relatively large error scund becausa it is distributed as
the ratio of two randem varianles, and given the small numbers fram the
prasent data, the error bounds should be very large indeed.

The MSK abstract contains two sentences. The first states that the Hanfar
data show that sensitivity to the cancer inducticn affects of radiztion i3 3=

"

‘Ow 2bb between 25 and 45 years of age. We can fingd a0 ssats

(&

O

ation for this conclusien. The statement ippears ¢ e Based 2n comparissns
of average cumulative doses at given ages, Jneng werkers amployed dy that

et } L - ' = R . - - &
492 whe had net yet gied, but wno died before 1373, Workars whose 23usa of



death was not cancer had smaller crude average doses than workers who died

of lymphopoietic cancer, OF workers who died of cancer of the pancraas, lung,
brain, kidney, or large intestine, at 2ges 45+ or under 25 bHut not at aces
26-45. The comparisons, which are hased on both exposed and ncn-2xposed workers,
are affected by the recruitment of new workers mostly at young ages, and by
mortality mostly at older ages. In fact, at ages cver 33, the changes in
average dose with increasing age can only reflact mortality, bDecause presumadliy,
exposure stops with retirement. In this connection, the estimataed doubling
doses in Tabla 22 of MSK for cancers of the panctreas, lung, brain, kidnay and
large intastine, as a group, have an unreal quality; they include the values

0.1 rem for cumulative dose at age 22, 70 rem for cumulative dose at age 30,

and 0.9 rem for cumulative dose at age 8.

3 Radiobiological Considerations
As a transition from statistical %o yiological considerations, it may De
helpful to inguire what would be the reaction toc the M"SK study, and €0 ta

ol

E}
above reanalysis, if all the doses were multiplied by a factor of 10. We do
not Selisve the MSK statements about radio-sensitive ages would Se any more
acceptabla, but their claims of radiation dese relaticnship for various cancars
would seem more reascnable. That is becausa other studies nave also sugges:ad
che axistence of radicgenic cancer, including myeloma and sancreatic cancer, at

9.10.21.23

doses af 100 rem or more™ - °%T The results of the reanalysis weuld also

seem plausisle, because usually, higher dosas than those of the Hanford workers

S a3

.

timas 10, have been required I3 demenstrat
tusiors. Only the absenca of a lsukemia effoct, 1n the presence
pancreatic zancar and myeloma, weuld s

Ae ». 3 § e 3 { gy - H : : - - B 3 - -
At %he low qocos rocoived Dy the Hanfard Qrxers, it 38 pot surcrigrag that
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no leukemia effect has been demonstrated, because no other study has sugszeste
an effact for adults exposed to such low doses. In this connection, it is
distinctly unhelpful that !ISK have lumped myeloma with myelaid leukamia as
“bone marrow cancers”, and the I[CD codes 200-229 as "RES necplasms". The
effect is to suggest that a leukemia effect was found when, in fact, there is
no suggestion of 3 dose relationship for any RES neoplasm excapt myeloma.

[t is interesting that a recent survey of mortality ameng U.S. radiolagfs:sz1
found that among cohorts entaring practice in 1820-192%, 1330-1239, and 1940-
1343, excess leukemia, as compared with physicians in other specialties, was
observed only for the two older cohorts, while excass lymphoma, and especially
muliple myeloma, was observed only in the two younger cohorts. That is, leukemia
ratas amon3 radiclogists have decreased, and 1ymphoma rates have incraased,

during a period of presumably declining occupational radiation expasure ameng
members of thi; specialty. The authors of that study nypothesize that

frequent low-dose radiation exposures may have different evfacts than fawer

and higher-dose exposures, resulting in stress on the immune system that increases

risk of 1ymphoma rather than Teukemia. The hypothesis is =antative, raflectin

)

,
among cther things, the very small numbers of lymphomas involvad, bsut it is
interesting that it is similar to an implied conclusion of MSX, viz, thas
extremely fractionated exposures may have effecis qualitatively different from
those of exposures delivered in larger fractions. Of course, the hypothasis
with respect to radiologists assumes a similarity between multisle mvelorma

and lymphomas whils MSK nave assumed multiple myeloma %5 be 3 Sgne marrou
cancar closaly ralated to myeloid leukomia, bHut neither 07 <hese two associitions

are crucial to the hypothesis,

A study of cancer incidansy amon: wemen oxposcd 2 multisle zhest ¢



during pnrumothorax treatment at Massachusetts tuberculosis sanitoria found

) :
2 leukemias versus 1.2 expected accoring to population rates among exposad

women and 1 leukemia versus 0.7 expected among patients not given preumothorax

therapy; there ware no muitiple myelomas in the exposed and 2 in the ngn-exposad

' o ‘ 22
and 2 other lymphomas in the exposed and l in the ncn-exposed . (ne axposad

women recaived, on the average, 100 sxposures of about 1.5 rads =2ach in
terms of average breast tissue dose and probably somewhat less to the spine.
Whila there are obvisus d4ifferences between the radiation exdosures of the
pneurothorax patients and those of the radiologists and the Hanford workars,
fractionization of exposures in this case did not result in atypical findings
with respect to cancers of the lymphatic and haemcpcetic organs.

If the estimated radiation risks for myeloma and pancreatic cancer are
discountad because of their disagreement with the results frem other studies

it does not follow immediately that no radiation relationship is reflected

in these data. The most sericus possibility is that the monitering of radiation

exposure has been defective. Radiation badges arz not egqually sensitive €2

. ok " : o taia : L
all types of radiaticn, and are not generally considered to De ideal crsimetars

However, the absance of a leukemia 2ffact argues against this possizility.
Another possibility, which was considered by 1SK, is that meniftored
external dose may have been correlated with exposur2 to internal radiation

emitters. The «SK treatment of this possibility is not conclusive, leaving

.

it open as a possible explanation of their findings. However, an inguiry €2
radiation monitaring group at Hanford disclosed that the MSK definition of
exposure %o internal emitters included any positive urinalysis, including
those latar determined to be due to contamination of the sample. Since most
such readings <ore determined %0 be falsa pesitives on the bhasisc of folldw-up

~

the
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examinations” , the MSK data on exposure to internal emitters are essentially
valueless.
The possibility of an occupational exposure to other carcinogens, such as

chemicals, would regquire an analysis including occupational group.

4. Summary

An analysis of the 'SK data adjusted for age anc date of death reducas tha
number of cancers for which radiation dose relaticnship can be suggestad to
two, myeloma and pancreatic cancar. There is no suggestion of a radiation
relationship for lymphatic cancers other than myeloma, or for solid tumers of
sites other than the pancreas, with the pessible, and very weak, axception of
the kidney. The MSX conclusicns about variaticns in sensitivity to radiation
by age at exposure appear to te untenable. Radiobiological consideratiens,
including the results of other studies, suggest that the
excess proportional mortality at relatively high doses for myeloma and pan-
creatic cancer is likely to be explainable in terms of 3 correlats of dose
rather than the radiation itself, although the existence of a true radiatior

induced excass cannct be ruled cut withou® further anaiysis. A cohort analysis

e Hanford experience would be a great improvement over the current pro-

portional mortality analyses.
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bode 1. Copparison of data used in the present analysis with those used by MSK (See MSK Table 3) !
Average curulative
- dose arong evposed
Total deaths Exposed workers wOrkers
Cause of death Present M5K Present MSK Present YoK-

Hon-cancevs:

[iective & Parasitic (000-136) 32 29 18 16 89 79
Cenign neoplasma (216-239) 10 10 4 4 39 39
] [ndocrine & blood (244-289) 65 54 a0 34 243 153
& Hervaus (290-349) 37 36 21 20 162 169
._‘% Cordovascular (390-258) 1885 1837 1184 1149 168 lo?
Respiratory | (460-519) 194 194 107 108 134 133
e Digestive (520-577) 140 139 86 83 221 190
3 fxternal causes (£00-999) 243 450 145 21 164 156
Kzsidue (580 796) 100 101 55 57 79 151
Lyrobopoletic cancers:
Lynphoas (200-202) 35 34 28 28 146 145
dultiple Myeloma (203) 1 11 8 8 1066 1066
Lyovhatic Levk (c04) 3 3 2 2 2 29
fecloid Leuk (20%) 12 1 6 6 223 223
Kes 1aue (206-209) 5 5 3 3 19 19
Solvd Eusors:
iouth & pharynx (140-149) 23 24 14 14 130 152
SLorAci (151) 38 18 26 26 85 86
Larae intestine (153) 63 6l 50 48 168 171
- i (154) 19 19 16 16 18 E
< Liver & Gall Bladder (155-156) 19 18 10 10 56 58
L pancrcas (157) 51 49 32 3 4G4 399
Ei Lung (162-163) 195 192 129 130 214 249
‘ Prostate (129) 43 S & 21 21 87 g7
Kidnay (169) 23 21 15 14 263 201
Otirer GO (186-188) 15 15 10 10 123 123

Frain (191) 21 18 14 1 291 361



laule 2.

dose at Liwe of death.

Lease uf dealh

Non-cancers :

Infect. &
parasitic

Bentan neopl.

Endocrine

% blood
Hervous

4 Sense Organs

Cardrovascular

Respivatory

Digestive

Res tdue

Faternal
Codasd

Lancees

Fouth &
Vharynx
Stoo zeh

Large intestine

R o
e el

co

009-136

210-239

244-289

290-389

390-458

460-519

520-5171

580~ 796

460-510

110-149

151

154

0

0
t

0.2

6.6

1.3
13
12.5
8
6.8
402
387.6
31
35.7
31
26.9
22
18.0
54
48.(0

16.0

G.0O

Dose Interval (Rems)

2-.6

5.0

1.0
12
9.5

6.2
293
203.4
¥4 4
28.7
19
20,2
12
14.2
34
37.8

5=~].

2.2
0.5
5.1
2.7
152
149.8
16

14.3

i0.1
4
/.6
16
18.7
1.7
3.1

6.3

‘.9

1.-4.

3¢
0.8
9.0
4.5
21]
246.6

24
20.6

10.8

2.7

4.-10.

2.3

1.0
55

54.5

6.2

0.7

1.0

2.5

0.5

&N - s N
(=

10+

S
N
™o

0.5

0.8

1.9

0.4

Total

18

a0

21

1184

107

86

55

145

14

26

50

16

Swaery contingency table analyses of proportional mortality by cause of death, using cumulative

Trend test

715

.76

.30

e

.53

.48

.96

.30

.44

.80

1
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fontinuation of Table 2.

Ceuse of death

Liver &
Gall bladder

Pancreas
|unu
Prostate
Kidney
Other GU
Brain
L ymphopoletic
L yupphomas
Maltiple

Myaelona
Lyrpnatlc

Leubemia
selond

I it a

uoner

Lysphatic

1Co

155-15€

157

loZ-163

©8s

189

186-188

191

200-209

200-202

203

204

205

206-209

- e ~ocmemroememomememMeme ™

m om O

—_—
S

10.4
29
40.9
5
6.9
q
5.3
|
3.6
2
3.7
15
14.7
6
8.9
4
2.4
|
0.7
2
1.8
2
1.0

Dose Interval (Rems,

.2-.6 .6-1. 1.-4.
2 1 3
2.5 1.3 el
8 4 6
8.0 3.7 6.9
32 19 33
3.4 5.7 28.8
8 3 5
5.4 2.7 4.3
4 q 2
4.4 2.1 2.6
3 2 4
2.8 1.2 1.8
3 3 3
2i5 1.6 4.2
13 3 10
11.2 5.8 10.9
9 2 9
6.8 3.4 6.4
0 1 0
1.8 1.0 2.0
| 0 0
0.5 0.2 0.4
2 0 . i
1.4 0.8 1.4
1 0 0
0.8 0.4 0.6

4.-10.

0.5
2
1.7
1
6.8
1.0
0.4
0.4
1.1
2
2.5
1.4
0.5
0.1
0

0.3

6.2

10+

Total

10

32

129

21

15

10

14

a7

28

Trend tlest

.81

.01

.18

.82

14

De

15

R}

.67

.009

—

A7



Continuation of Table 2.
Dose Interval (Rems)

Cause of death 1ch 0-.2 2-.6 .6-1. 1.-4. 4.-10. 10+ Total Trend test

ALl cancer 140-209 0 121 126 59 99 24 20 449 -13
£ 145.9 112.0 55.8 96.7 22.1 17.5



Table 3. Sumnary of analyses by cause and period before death: adjusted cumulative doses and trend test p-values.

cumulative dose in centirems and p-value for trend test

# deaths
Cause of death (ICD) (exposed) at death death-5 death-10 death-15
hen-cancers:
Infective qud (000-136) 18 93 (.75) 68 (.73) 46 (.63) 41 (.33)
parasitic
Benign and unspec. (210-239) 4 20 (.76) 16 (.72) 8 (.71) 6 (.73)
neoplasms
Endocrineg & blood (244-284) 40 234 (.30) 140 (.59) 71 (.58) 45 (.52)
Rervous and sense (290-389) 21 146 (.52) 140 (.41) 96 (.39) 40 (.63)
Organs
Cardiovascular {390-458) 1184 175 (.62) 133 (.58) 75 (.65) 39 (.84)
Respivatory (460-519) 107 125 (.53) 112 (.33) 71 (.49) 44 (.28)
Digestive 520-577) 86 162 (.48) 151 (.48) 88 (.38) 50 (.07)
Resvdue (560-796) 55 8 (.96) 63 (.95) 34 (.95) 21 (.93)
Ertevnal Causes (800-899) 145 152 (.30) 114 (.22) 45 (.91) 22 (.96)
Fouth & Pharynx {140-149) 14 189 (.44) 118 (.31) 56 (.71) 29 (.79)
Stoxach {151) 26 113 (.80) 95 (.81) 8 (.75) 40 (.77)
Larce intastine (153) 50 151 (.71) 131 (.56) 85 (.23) a7 ( 44)
Eectum (154) 16 157 {.96) 75 (.71) 51 (.60) 41 (.34)
Liver & gall bladder {155-156) 10 61 (.81) 34 (.84) 18 (.87) 17 (.82)
Pancreas (157} 32 459 {.011) 316 (.043) 148 (.064) 51 (.13)
tung (162-163) 129 167 (.18) 148 (.25) 93 (.14) a7 (.73)
Prostate (185) 21 117 (.82) 90 (.81) 57 (.78) 33 (.7.)
Kidney (189) 15 339 (.14) 233 (.10) 122 (.041) 29 (.44)
Other CU (186-188) 10 133 (.52) 92 (.60) 69 (.45) 61 (.14)
Bi 2 in (191) 14 213 (.15) 148 (.39} 62 {.37) 35 (.29)



o B AL

(ontinuation of Table 3.

Cause of death (ICD)

Lyiphcpotetic system
Lynphosas

Hultiple myeloma
Lyaphatic leukemia
Yzelord leukemia
Other 1puphatic

ALY cancer

All deaths:

(200-209)
(200-202)
(203)
(204)
(205)
(206-209)
(140-209)

# deaths
(exposed)

a/
28

449
2238

cumulative dose
at death

360 (.11)
109 (.67)

777 (.009)

19 -
163 (.17)

20 -
190 (.13)

[}72/ .

in ce~’' .cems and
death-5

314 (.12)
74 (.73)
707 (.001)

18 -
121 (.54)
20 -
148 (.22)
132 -

213 (.032)

59 (.54)

464 (.0001)

18 -
56 {.54)
20 -
92 (.041)
6 -

p-value for trend test
death-10

death-1%

104 (.003)

33 (.5%)

17 -
32 {.43)
18 -
47 (.07)
41 -



Fogendiz Tagle 1: Oeaths from pancreatic cancer (ICD 157) ameona white males
Hanford worters, 13¢4-1373.

, Curulative dose (rom) Year of loe at Emplovmant
xpo~:4 ? at dcath at dcath-190 cgath r2ath 1st vear Last vear Toill v
0 0 1843 28.4 1947 1348 1.7
0 0 1949 52.3 1944 1945 1.0
Q 0 1950 52.3 1242 1345 0.1
2 0 1950 57.9 1944 1950 8.0
0 0 1952 59.9 1544 1545 0.8
Q0 0 1953 83.8 1947 1847 0.0
3 0 1953 55.3 1944 1845 0.2
0 0 1853 63.0 1945 1945 0.4
0 Cc 1854 70.3 1344 1845 0.3
aQ Q 1963 63.0 1944 1945 0.1
0 0 1964 42.1 1384 1544 ¢.0
0 0 1365 70.3 1324 1343 0.5
0 0 1966 74.5 1547 1982 4.3
0 0 1967 66.9 1344 1944 0.7
0 0 1968 71.8 1947 1348 1.1
0 0 1969 66.0 1544 1347 2.1
0 0 1870 56.0 1942 1343 .3
0 0 1970 38.2 1947 1847 .0
0 0 1972 62.7 1943 1948 0.1
0.07 0 1953 62.1 1344 1343 .1
0.01 0.0 197N 67.3 1542 1945 0.3
0.04 0.04 1964 86.5 1344 19583 3.0
0.05 0.05 1867 38.9 1951 1833 2.0
0.38 0.06 1971 89.2 1244 1843 8.3
0.97 0.07 1961 8.1 1247 1349 2.0
Q.12 0 1972 18.6 1966 1967 1.0
0.18 0.18 1959 76.8 1945 1947 2.2
Q.27 0 1858 §5.7 347 1833 10.3
0.28 0.28 1972 54.0 1943 1833 3.3
g.31 0.18 1857 s 1244 1857 B
2.34 0.34 1972 38.0 1942 13453 ).2
g.41 g.14 1985 §6.2 Tad 1955 1.4
0.43 0.43 1963 70.4 SRR 1985 2.3
2.36 0.46 1004 3.9 T 345

678127



Continuatinn of Appendiz 1

‘ Cumulative dose (rem) Year of Age at Employment
Exnosed ? 2t _death at death-10 death death 1st vear Last vear Total vaears
yas 0.64 0.23 1264 46.7 1944 1964 19.5
yas 0.71 0.42 1860 62.1 1947 1360 12.9
yes 0.73 0.47 1962 $3.3 1844 1962 13.5
yas 0.74 0.37 1260 71.6 1844 1953 9.2
yes g.88 0.38 1870 56.8 1944 1945 1.2
ye. 1.09 0.83 1363 £6.8 1944 1961 6.8
yes 1.24 1.24 1970 57.2 1845 1248 1.4
yes 1.45 0.59 1969 45.5 1345 1945 0.7
Jes 1.C8 0.52 1370 93.7 1944 1256 12.4
ves 1.72 1.22 1964 71.4 1544 1952 12.8
yes 1.77 0.76 1971 54.3 19456 1954 7.4
yes 4.58 2.05 1965 §2.7 1843 1958 10.1
ves . 5.05 Ao N2 28 1971 61.1 1942 1971 27.7
yes 10.11 M 0 1562 52.8 1955 1962 7.1
- Jes 10.75 chinn. qparatn. 51 1964 §3.3 1944 1961 15.5
yes 21.98 run et~ 2,22 1966 §7.2 1947 1955 78
ves 25.31 &ampian 14,31 1971 65.7 1947 1963 18.2
ves 34.15 naelomipeniinl3. 28 1968 63.1 1544 1968 23.4

&St R



Appendix Tible 2: Deaths from multipla myeloma (ICD 203) among hite male
Hanfcord workers, 1242-1973.

cumulative ds 2 employment
year of age at total
Exocsad? at death at dea*h-10 death death st vear last year vears
no Q 0 1651 63.5 1844 1950 5.8
no ) 0 1968 76.5 1945 1945 Q.3
no 0 . 0 1970 60.3 1844 1344 0.1
yas 0.09 0.09 1972 61.1 1544 1545 j 9
ves 0.15 0.15 1951 63.6 1944 1950 5.6
yes 0.138 0.18 1967 43.5 1244 1951 7.0
yes 0.23 0.23 1965 87.7 19453 1845 0.3
yes 0.85 0.55 1963 63.9 1945 p~™ ”“?f’1963 18.2
ves 19.98 14.10 171 70.2 1947 et 364 16.7
yes 29.42 10.51 1367 57.% 1947 LodacpaidSs7 19.1
ves 34.38 25.28 1971 71.8 1945 Jub 1965 20.0

Anntrndime



Preliminary comments on the new, expanced Mancuso-Stevirt-Kneale

progortional mertality study of Hanford plutcnium workers

Charles £. Land

Mancuso, Stewart, and Kneale (!1SK) have prepared a new properticnal
mortality study of the Hanford plutonium workers, in graparation for the
current congrassicnal hearings on health effects of Tow-level ionizing
radiaticn. The preliminary report {attached) of their new study diffar
from their published report in several important ways. While I would
need access o their original ta in order to avaluate the new study with
the same thoroughness as for the published study, the follewing comments

may be nhelpful.

1. The new analysis is confined to exposed workers, an improvement in
my opinicn. However, a less restrictive definition of "expesaed" has been

uses than in the published amalysis.

2. Among mala "exposed" workers, the number of dzaths has increassed from
2134 to 3741 and the number of cancer deaths from 442 %o 743. Many of the
additional deaths occurred after the cutoff date for the pubiisned study

(i.e., during 1974-1977), and others presumably were included because of
the new definition of "expnsed”.

3. QCeaths among female workers (291 total, 35 cancers) have a

includea.

4. A Mantel-igenszal cantingency tabie amalysis of pronortional mortal

11 # * ! Svimunt 18 B - R LR - ' Ay e - '
dug 0 3Vl gancer, by cumdigltive dosg at death, has heen pervermed. inis



analysis adjusts fur pessible confounding of dose with the "contreiling

factors" sex, age at death, year of daath, monitored internal radiation,
and number of years exposed to radiation. A summary test statistic for
increasing trend with dose gives a one-sided p less than .05. [f done
corractly this analysis is'a considerable advance over the age-adjusted
analysis in the first paper. However, my own extansive experience with
this kind of analysis leaves me with a number of gquestions. For exampie,
I am not sure abcut the effacts of subdividing 832 cancer deaths and 4032

total deaths into 1680 cells (7 dose levels times 240 = 2x4x5x3x2

w

of the contrelling factors). [ am certain that many of these ceils were

empty, and [ wonder how empty cells were treated. ('.’_" discugses Thais wila v(nul:,!

an Feb. 75, and My :m’mess:o. WaAS Fult Pis ‘”4;/3.,‘ was ‘tednnial

‘:D"Q‘J-":("""”" 2 e UNCIS y avoul ¥, Lowesor L2cawiea Theo

eFec ryid 2em 2olum M;m.rau on e nul d‘:fn;mr_m P g S
N 5. The new treatment cr internal radiation, using another Mantel-Haenszel

"JQQ
-’ analvsis, is very nice. However, as in the publiished paper, most of the
"monitored positive"” deaths were false positives, accerding to the radiation

safety people at Hanford (Ken Heid, perscnal communication). /PM 1“- i

57.,1} : 34 A.a..&.«.‘-'f ‘997§ Fn rtrhing Ll candionis
» " - ’ # v :

yvu-"'.:',,u M_._..,_»,.,, ,‘5 -4@],‘-._,,“,,,. ) 2wl s S el

6. As in the pubiished paper, the analyses with respect to zarticular

cancers and greups of cancers, other than the group, all cancers, were not

adjusted for possible confounding of dcs2 with any of the controlling fact

()
v\

Thus lung cancer again is given as a radiatisn-relatad cancer in the Hanford
workers, when cur reanalysis of the data used for the published regort indicazad

rather clearly that the reported relaticnship was an artifict of the in

(%]

3
]
(™

trend in lung cancer incidence aver time.

- -
+» As oefore, the estimated Jf’m‘"f‘; 20ses are based on unigjustad mean

€oscs And are therefora sa Excaut

~ne 3 e 1 "
4n»r - iV e » . »
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[ doubt that this explains the smallness of the obtained

L3
w
or
*
=
[+%
“t
n
wvi

8. HMSK have improved thaeir tasting procedure by test%ng for dose relaticn-
ships foer four broad groups of cancers, as defined accering to an ICR?
clisification of crgans according to sensitivity to radiatf?n: organs of
established high sensitivity (bone marrow and throid), apparent high
sensitivity (1ymph nodes, reticular tissue, pharynx, lung, pancreas, stomach,
and large intestine), organs of low sensitivity, and "not classifisd” crgans
(including breast, bladder, and, according to i!SX, the organs from whic!
Iymphatic leukemis (ICD 204) and other hemapnetic cancars (ICD 206-209)
arise)(ICRP Publication 14, 1963). It is clear that the ICRP classification
of bone marrow as an organ of established hign radiaticn sansitivity is

based on the generally ctserved association of myeloid leukemia risk %o
radiation expcosure, but the suggésticn to treat myeloid leukemia and multiple
myeicma as a group comes originally from ICRP and not from MSX. On the other
hand, ICRP 14 seems clearly to place ICD codes 204 and 206-209 in the secend

category, rather than the fourth.

9. Although the use of the four tread ICRP groups of cancer for fnitially
testing for radiation dose relationships is a sound strategy, .he stratagy
of computing doubiing doses for subgroups of these cancers can he cecentiva,
[t is not helpful to derive doubling dose estimates for mu ' ~ ~'a ayeloma

and myeioid leukemia as & group. The Togic sesms to work ike shis: e
know DOne marrow cancars are caused by radiastion secause myeigid leuxcmia

is caused Ly radiation. In the current stucy, we have an axcass ¢f 3 heone

w8132



marrow cancer (multiple myeloma) and, as a group, of all bore marrow cancers.
and so it somehow appears that an axcass of myeloid Teukemig has been
demonstrated in the Hanford workers, when, in fact, one has not. [llowhere

is there a discussion of the very intriguing question c¢f why there should

be this strange reversal of the usual finding, excess myeloid Tsukemia and
not multip1e-myeioma. [t is interesting that adding another 3587 of cancer
deaths has not changed this fact. The same remark holds for the grouping of

cancers of the pancreas, stomach, and large intastine.

10. The problem facad by !SK is that they want to show that their resul

are in the main stream of radiation carcinogenesis re3u1t§ as to the cancers
that are induced by radiation, but that tecause the dcse range and the
amount of of fractionization of exposures are drastically different from
those in other studiss, the quantizative aspects of their results are
different. If this argument is accepted, then it follows that lcw-lavel
occupaticnal expesures are far more dangerous than had previcusly been
supposed. If their argument is not accepted, then a new hypothesis is
required, that low-level, highly fracticonated expcsures induca a different
spectrum of cancars than higher level exposures delivered in fewer fractions.
Some other results also suggest such an hypothesis (2.g., Matanoski et al,
Am J Epid 101, 199-210), but obviously the impact of their results would

be less using the sscond approach Secause more logical steps would be

requfred to reach t9e desired conclusions.

11. In symmary, I feel that the new analysis is bettaer in Zome ways than

c¢8133



defects of the published analysis are present in the new one, however,

Analyses for effects other than all cancers are not adjusted for potentially

-

confounding factors, and the fact
restricted to two rather unlikaly

cancer, is obscured.

that the radiaticn relationships are

cancers, multiple myeloma and pancreatic

CeHii4




