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A paper based on this report was presented at the
Thir ty-Second Session of the International Statistical Institute in Tokyo, June 1960.
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STATISTICAL ASPECTS OF TUMOR REGISTRIES -
LB ERBTEBLT WS EEZR O HK S

BACKGROUND

Tumor registries are established for the
purpose of collecting and maintaining
records on all cases of tumors in a given
Thus,
the tumor registry can be used as a

area for scientific investigation.

sampling device for obtaining information
The first
tumor registries in Japan were established

on the incidence of tumors.
in Hiroshima (May 1957) and in Nagasaki
{April 1958) by the respective city medical
assocliations with the finaneial angd
technical assistance of the Atomic Bémb
Casual ty Commission (ABCC) and the Japanese
National Institute of Health (NIH). 1In
addition to providing basic information on
the incidence and types of tumors, these
registries furnish essential information
concerning the incidence of neoplasms in
A-bomb survivors and in the nonirradiated
popula tion.

The most interesting and important figure
in cancer statisties, the incidence rate,
is usually not available from tumor
registry data. The primary objective of
the tumor registry, in the statistical
sense, is fo register cancer cases for
evaluation of the methods of treatment,
to study the etiologic and pathogenic
aspects of cancer, and to gather statistics
relating to medical care and cancer

control.l

In only a few tumor registries
has the registration effort been suffi-
ciently complete to permit estimation of
inecidence of malignant neoplasms for the

registration area.

To estimate the incidence of malignant
neoplasms, it is usually easier and less

expensive to employ the survey method as
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was done in ten metropolitan areas of the
United States.~ However, to estimate
incidence in the cities of Hiroshima and
Nagasaki, the tumor registry has been
employed. The main reason for this was
that the ABCC study is related to the late
effects of the A-bomb and has been hased on
In order to utilize that

fixed sample, it is more convenient to

a fixed sample.

employ the tumor registries.

To attain the completeness of registra-
tion which is essential for an accurate
estimation of tumor incidence is a very
difficult task. The tumor registries in
Hiroshima and Nagasaki are operated by the
city medical associations in order to
obtain the cooperation of every member.
However, even though the tumor registry is
carried out by the medical association per
se, and the resolutions approved by the
General Assembly stipulate that all
neoplasms diagnosed within the city should
be reported to the association, complete
notification cannot be expected. ’

Development of strong surgical pathology
services in the cities of Hiroshima and
Nagasaki has contributed to the successful
registration of tumor cases. Extensive
free surgical pathology service has been
carried out in Hiroshima and Nagasaki by
ABCC in conjunction with its medical
research programs on the latent effects of
the A-bombs. The number of surgical
specimens examined in 1958 by the ABCC
alone totaled approximately 2200 in
Hiroshima and 1400 in Nagasaki. In
addition to this, the diagnoses of a good
number of cases have been confirmed
histologically by the medical schools in
both cities, the Japan Red Cross Society
Hiroshima Hospital and the Prefectural
Hospital in Hiroshima City. The numbers
thus examined in 1958 totaled 6000 and
2400 in Hiroshima and Nagasaki respec-
tively. The nucleus of the registered
cases is composed of surgically confirmed
It ecan be said that the tumor
registries in Hiroshima and Nagasaki were
established on the basis of the extensive
development of the surgical pathology
services.

cases.
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The incidence of neoplasms is calculated
on de jure, not on de facto hasis. There-
fore, the relationship between the hospi-
tals or clinies where the cancer is
diagnosed and the residence of that patient
is a factor which must be considered
for the success of any tumor registry.
According to the survey of ecancer patients
in hospitals conducted by the Ministry
of Welfare, Japan, 1958,3 patients with
cancer have not always been treated
at hospitals or clinies in their own
communi ty. The proportion of medical
care which the cancer patient receives
at the hospitals or c¢linies in his own
community depends to some extent on the
geographical loecation of the facility
and the availability of medical care.
Fortunately, better medical services for
the cancer patients are available in
Hiroshima and Nagasaki than in some
other parts of Japan, and there is ho
competition from surrounding communities,
Consequently, few cancer patients in
Hiroshima and Nagasaki leave these cities
to be treated at hospitals or clinies in
other areas.

Table 1 shows the incidence of malignant
neoplasms obtained from the registries in
Hiroshima and Nagasaki. The rates are
adjusted to the 1955 Census of Hiroshima
City, both sexes combined.
the rates in Miyagi Prefecture, Japan, in
Connecticut in the United States, and in
Copenhagen, Denmark,
the same population and are included in the
table.

For comparison,

were standardized to

TABLE 1

ALL TYPES MALIGNANT NEOPLASNS,
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INCIDENCE PER 100,000 POPULATION

BY SEX AND LOCALITY - STANDARDIZED WITH 1855 HIROSHIMA POPULATION
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In both Hiroshima and Nagasaki, the
incidence of malignant neoplasms was almost
the same as in Connecticut and Copenhagen,
but considerably higher than in Miyagi
Prefecture. The fact that the incidence
rate of neoplasms in Hiroshima is compar-
able to that of other areas supports the
view that the registry is a valid tool for
studying tumor incidence in Hiroshima and
Nagasaki and also differential incidence
relating to exposure to radiation from the
A-bombs.

The present report is divided into two
parts. The first part is concerned with
the accuracy of diagnosis and includes
discussions of errors in clinical diagnosis
and the cause of death as recorded on
medical certificates. The second part
contains a statistical discussion concern-
ing the dependency of analysis of registry
data upon availability of the fixed sample
as well as the adequacy of the sample size.

PROBLEMS INVOLYED IN MEDICAL DIAGNOSIS OF
MALIGNANT NEOPLASMS

ACCURACY OF CLINICAL DIAGNOSIS

In general, the proportion of cases which
has been confirmed histologically is
utilized as an index to illustrate the
accuracy of the medical diagnosis of
registered tumor cases.

As shown in Table 2, approximately
50 per cent of the malignant neoplasms
registered in both cities were confirmed
by microscopic examination (biopsy or
autopsy). Even though for registered
cases in Hiroshima and Nagasaki, the
percentages confirmed by microscopic
examination are the highest in Japan, for
calculation of the incidence rate addition-
al cases based on clinical diagnoses alone
or on death certificates must be added to
the numerator. Of the registered cases in
both citles, approximately 5 per cent were
obtained from clinical diagnoses and 20 per
cent from death certificates. Of course,
some of the latter were cases diagnosed by
x-ray examination or by surgical operation,
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TABLE 2

CASES CONFIRMED BY MICROSCOPY, AUTOPSY, AND BIOPSY

HIROSHIMA AND NAGASAKI TUMOR REGISTRIES BY SITE, SEX, AND CITY

Fz2 KR, BWIITES L EEEE ], HEIS &L
HEmEr R o s egs
HIROSHIMA L5 NAGASAKI £l
MAY 1957 - DEC. 1958 APRIL - DEC. 1958
SEX SITE OF CANCER 1
CASES CONFIRMED |CASES CONFIRMED
i3 4 CASES* |iimme 281 oo CASES* | ,
REMST”ED,ﬁ%$Wﬁﬁ%LtHﬁREG”TERW!%E%HTE#L&#&
2244y |NUMBER " e NUMBER -
2 % B " h
MALE ALL SITES j_-“_;@ﬁﬁ;f.ﬂg 409 222 54.13 194 LR 46.0
m |
% |STOMACH B M 203 93 45.8 81 30 7.0
(ALL SITES 4 {5 531 | 328 61.8 223 | 128 56. 5
FEMALE | STOMACH " & 140 | 57 40.7 60 22 36.7
4 UTERUS T o 149 134 89.9 55 43 78572
BREAST L= 47 44 93.6 19 10 52. 6
OVARY 0 HE 55 20 14 70.0 6 5 83.3

#*Excluding cases

for confirmation of
not reported to the

which gave some grounds
the diagnosis, but were
registries.

To test the reliability of elinicgl
diagnoses of malignant neoplasms and of
cause of death stated on death certifi-
cates, World Health Organization (WHO)1
strongly recommended the matching of
diagnoses without post mortem examination
with

mortem examination.

those arrived at following post

A comparison between malignant neoplasms
diagnosed by clinical findings alone and
those confirmed by post mortem examination
in the period from 1948 to 1956 by the
Department of Pathology, ABCC,
in Table 3.

Hiroshima,
is shown

TABLE 3
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COMPARISON OF CLINICAL DIAGNOSIS AND ABCC AUTOPSY DIAGNOSIS

MALIGNANT NEOPLASMS HIROSHIMA 1948-56

#3
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False Positive Rate:

EARPRA L =
Clinical Diagnosis is cancer; autopsy diagnosis is not cancer
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As mentioned in the Report by the
WHO Committee, cases for post mortem
examination are often atypiecal or of
special diagnostic difficulty and unless
unselected series are studied the con-
clusions are liable to be biased. Whether
the figures concerning the diagnostie error
obtained from the ABCC autopsy series are
biased or not is worthy of discussion.
During the period under discussion ABCC was
not in a position to exercise much choice
in the selectlion of material for autopsy.
The cases coming to autopsy have seemed
unrepresentative in at least two ways:
(1) an overemphasis on death from malignant
neoplasm; and (2) an overemphasis on deaths
among those closest to the hypocenter. In
addition to these, the cases referred to
autopsy due to diagnostiec difficulties are
included in the series. However, it should
be noted that autopsy material has been
collected not only from hospitals but also
from private practitioners, even though
there 1is some tendency to colleet the
material from the lower economic classe$s
due to the compensation fee. The degree of
selection in the ABCC autopsy material ean
be said to be smaller than in the autopsy
material of hospitals attached to mediecal
schools, where the majority of autopsies
have heen performed in Japan.

Nevertheless, the comparison of the
proportion of cancer cases diagnosed
clinically with and without post mortem
examination suggests that the ABCC series
is still biased to a considerable degree,
as shown in Table 4.
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TABLE 4 PROPORTION OF DEATHS DUE TO CANCER
COMPARISON OF ABCC AUTOPSY SERIES AND HIROSHIMA CITY YITAL STATISTICS
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ABCC AUTOPS|ES 1948-52
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It is true that the diagnostic errors
calculated from the ABCC autopsy series
will not be applicable to the guantitative
measurement of reliability for the clinieal
diagnosis of malignant neoplasms in
Hiroshima City.
for autopsy are of special diagnostic
difficulty, it seems that diagnosis for the
cases without post mortem examination
should be easier than those with post
mortem examination, and then the estimated
error based on autopsy material will
approach the upper limit. On the other
hand, it is possible to theorize that a
better trained or more alert physician will
refer cases for autopsy, and that his
diagnostic performance will be better than
that of less well trained physicians. At
any rate, these are the only data available

Since the cases selected

and should give some grounds for a rough
estimation of the reliability of eclinieal
diagnoses for malignant neoplasms in
Hiroshima Ci ty.

PROBLEMS RELATED 70 PATHOLOGICAL DIAGNOSIS

As shown in Table 2, in Japan approxi-
mately one-third of the malignant tumors
are cancer of stomach, a faet which makes
it difficult to increase the proportion of
cases confirmed by pathological examination
except via autopsy. It is troublesome to
obtain biopsies from patients with eancer
of digestive organs. (Greater accuracy in
diagnosis is obtained for cancers of the
uterus or breast where a biopsy is easier
to obtain. The improvement of medical
diagnosis by tumor biopsy is one of the
problems which tumor registries face.
Fortunately, cancers of digestive organs

usually can he diagnosed by x-ray.

There are still some difficulties
in the medical diagnosis by bilopsy.
Since diagnosis of neoplasms is made by
morphological findings of the tissue, the
errors involved in false positives and
false negatives will also ocecur in biopsy
diagnosis. Some errors might be attributed
to misjudgment by the pathologist, but
the majority of the errors will be caused

by inadequate biopsy materials. No data
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are as yvet available on the errors related
to the pathological diagnosis.

STUDY OF THE RELATIONSHIP BETWEEN RADIATION
DOSE AND INCIDENCE OF NEOPLASMS AMONG
A-BOMB SURVIVORS

As mentioned previously, the main
objectives of the tumor registries in
Hiroshima and Nagasaki are (a) to study the
relationship between incidence of neoplasms
among the A-bomb survivors and radiation
dose; and (b) to provide information on the
incidence and type of tumors in both
cities. Two alternative approaches can bhe
considered, i.e. the analysis of tumor
incidence based on (1) current population
and (2) fixed sample.
and disadvantages.

Both have advantages

INCIDENCE BASED ON CURRENT POPULATION ke

To provide information on the incidence
and type of tumors in the registration
area, the approach based on the current
population should be utilized.
the geographical comparison involving the

Even so,

amount of cancer illness cannot be made
without serious considerations since the
magnitude of the incidence rate depends
not only upon the completeness of the
registration but also upon the types and
availability of medical care. Unreported
cases can be detected from death certifi-
cates, but this presents problems of its
such as the reliability of the
cause of death appearing on the mediecal
certificates and the different survival

own,

rates for cancer of various sites.

When based on a current population
investigation of the relationship between
the development of tumors and radiation
presents difficulties regarding the
aeccuracy of the estimates of numbers of
A-bomb survivors. The migration pattern of
the A-bomb surviveors is difficult to
obtain and to incorporate into population
estimates.
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The first report on neoplasms among
A-bomb survivors in Hiroshima City based
on 20 months' experience of the tumor
registry for the period April 1957 to
December 1958 and scheduled for publication
was based on a current population.8
The population estimate for 1955 was
computed from the tabulation of the A-bomb
survivors listed on the supplementary
schedule of the 1950 National Census,
which is
the

the survival

the only reliable figure of
and then by applying
rates from the 1952-1953
Offieial Life Table in Japan. Since animal
experiments have demonstrated shortening of

life span parallels the radiation dose,

survivors,

consideration must be given to the possible
overestimate of the population as well as
the possible underestimate of the incidence
rate of neoplasms due to the high mortality
a short distance from the hypocenter.

APPROACH BASED ON A FIXED SAMPLE -7

JAPANESE NIH-ABCC MORTALITY SAMPLE. If
the analysis is made on a fixed sample,
difficul ties
population will be solved,

involved in estimation of
but not all
members of the fixed sample have the same
probability of reporting to a registry.
Fortunately, NIH and ABCC are jointly
investigating the question of a shortened
life span due to radiation from the
A-bombs.

fixed sample which began from the list

This studyg is based on a large

of A-bomb survivors on the supplementary
schedules prepared at the time of the 1950
National Census. All survivors in the list
were checked for their detailed exposure
status and eligible persons for the sample
were selected by interviewing or other
The NIH-ABCC
Mortality Sample, totaling approximately
75,100 in Hiroshima and 24,900 in Nagasaki,
is composed of all eligible proximal

exposed persons and age-sex matched distal

supplementary methods.

exposed persons as well as a nonexposed
control group. The latter two groups were
obtained from the eligible persons by a
random sampling method. Construction of
the sample began late in 1955 and probably

will be completed during 1960. The
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study will continue at least until 1970.
Periodic survival checks will be made from
the family register and abstract will be
obtained from death certificates of sample
members. A very interesting approach
to
is to be made in subgroups of the
Sample and the data obtained from

registry.

to the study of cancer in relation
radiation
Mortality
the tumor

COMPARISON OF INCIDENCE RATES BASED
ON THE CURRENT POPULATION AND THE FIXED
SAMPLE.

20 months'
in Hiroshima based on

Table 5 shows the comparison of

experience of the tumor registry
the estimated
current population and on the Mortality
Sample. A higher incidence is
among the proximal exposed and the inci-
dence rapidly decreases with increased
distance from the hypocenter.

-

demons trated -
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TABLE 5 NEQOPLASM INCIDENCE RATES* BASED ON CURRENT POPULATION AND MORTALITY SAMPLE,

THENTY MONTHS' DATA HIROSHIMA TUMOR REGISTRY,

BY DISTANCE FROM HYPOCENTER

£5 HENAOZ58E LA2BEEHEMBRREECHES > I LESEE LA
MRFEOkE, BOHAL 5 OEBEN20 5B o0&
CURRENT POPULATION MORTALITY SAMPLE
DISTANCE EHALERE L BES > TNEREE LR RATIO
LA EEé;“S POPULATION CASES |INCIDENGE [POPULATION|CASES|INCIDENGE | g s
: An | mEH| maes AD |aan| ma=
500- gag 873 16 | 1,287.0 g1z [ B63.5 | §7.1
1000-1489 8,688 71 523, 3 7,818 | 48 336.4 | 64.2
1500-1999 13,318 a1 382.6 12,385 | 59 274.0 71.8
2000-2499 13,715 58 387.3 | 11,453 50 256.0 | 86.1
10,000+
(NONEXPOSED) 202,727 463 280. 4
(w4 )
#*Adjusted to the 1955 Hiroshima Census, sexes combined

1955 IRR i A 1D (B

&)

=

The rates based on the fixed sample are

underestimated in comparison with those
based on the current population sample.
This can be explained on the basis of
some of

residence in Hiroshima City, i.e.,

the people in the sample have migrated
outside the registration area and therefore

are not picked up as cancer cases.
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Following the commencement of the Life
Span Study, information on cancer
mortality among migrants belonging to the
sample can be obtained and included in that
s tudy.

any

Even so, unreported cases among the
migrants will still present problems
inherent in mortality information from
death certificates.

SAMPLE SIZE. The other problem to be
discussed concerns the power of the NIH-
ABCC Mortality Sample to detect radiation
induced carcinoma.

Analysis of 20 months' data obtained from
the tumor registry in Hiroshima provides
some information on the incidence of
malignant neoplasms among A-bomb survivors,
and will be utilized for the calculation
As shown in Table 5, a
close correlation is clearly demons trated

of the sample size,

between distanece from the hypocenter and
Table 6 shows the
by site, observed and
expected among persons within 1500 meters
of the hypocenter.

the ineidence of tumors.
number of cases,
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TABLE 6 OBSERVED AND EXPECTED MALIGNANT NEOPLASMS CURRENT CITY POPULATION
EXPOSED WITHIN 1500 METERS OF HYPOCENTER, TWENTY MONTHS' DATA HIROSHIMA TUMOR REGISTRY BY SITE

#6 HEHEAADOZSHLLTHFELAL50n £RBOHEEE ISV TITESHMT O
B R O BEE & HEE & o g
SEX SITE OF NEOPLASM O0BSERVYED EXPECTED RATIO
% i % i EH R Jie] i
MALE &
FEMALE |STOMACH 1§ i 24 12,41 1.93
B
LUNG M 10 2.32 4.31
BREAST 72 5 2.489 2.00
FEMALE |CERVIX UTERI - =i 8 3.67 2.18
% |ovary FER s 1.01 3. 96

Figure 1 illustrates the relationship
between Pl’ the assumed population value
for nonexposed, and Py,
population value for exposed. The curves
specify the values of P, and P1 such that
the Type I and Type II errors Hl)a =.01
and #=.10; (2)a =.05 andﬁ:.zl‘}] are as
specified in the figure.

the assumed

For reference let
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FIGURE 1

POWER OF SAMPLES FOR TUMOR REGISTRY DATA
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P1 INCIDENCE AMOMG COMTROL GROUP

us designate these particular P2 values as
Pis The assumption of samples of equal
size (either 900 or 9000) was made partly
to be conservative and partly for con-
venience in caleulation, but in actual fact
the nonexposed sample ranges up to 200,000.
Thus the resulting power estimates are
biased, P, being somewhat overstated;
that is to say, the sensitivity of the
survey is underestimated. Calculations
were performed on the assumption that the
number of cancers in each sample follows

the binomial distribution for P, and P

10 1

23
and from the expression:
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There are two sets of curves, one for
samples of 900 cases each; the other for
two samples of 9000. These numbers corres-
pond to the cases in the Mortality Sample
who were less than 1000 meters from the
Hiroshima hypocenter,
within 1500 meters. By way of illustration
the observed values of P, in the Hiroshima
nonexposed sample are shown below together
with the corresponding values of P, for the
errors as stated. In addition the values
actually observed for the exposed in the
first 20 months are given in the last
column of Table 7.

and those who were

TABLE 7

i OV E 900 & 90000,  MRLHb A 5 1000m

Fi £ 1500m R CHIB LA BHGHEY » 7L K

YT 5. BWAERIIT A0, TETIR

ESHEBEBREOP, GBEE b » o5 E L&

MEHEMOREE) &, ZNIHIET 2 Poa i,

XS A TR0 ABMOER» 5 3HE L~
BREOBEBLER T IChbETTRLE.

ANNUAL INCIDENCE MALIGNANT NEOPLASMS MORTALITY SAMPLE,

OBSERVED AND DETECTABLE VALUES CALCULATED FROM FORMULA

7T ARIOVHELABBESEOESRFEWERMBAE L ERFICHE L ARLE,
FECHES Y T E= G5 E T3
ANMUAL INCIDENCE RS
EXPOSED (PZ) R
DISTANCE IN METERS|SAMPLE SIZE NONEXPOSED DETECTABLE VALUES
HRLH A 5 o BREE FrFLoK (P P g L [
OBSERYED
g 3 @z .01 az .08 i1
gz -10 - .20
0- 999 900 . 00140 .022 .012 .0089
0-1498 9,000 . 00140 . 0048 . 0036 . 0048

The observed value for exposed under
1000 meters (.0099) lies well below the Pg
values calculated for the P1 value actually
(.00140); if
indeed the true value for the exposed is
. 0099 or less, then the likelihood of a
significant finding in a single year is
not high. the observed value for
all exposed under 1500 meters (.0048),
which as noted in connection with Table 5
differs significantly from the rate for the
nonexposed, 1is seen here to exceed both P,
values, .0046 and .0036.

observed in the nonexposed

However,

The curves of Figure 1 also permit
discussion of cancer rates for specific
Table 8 shows,
major sites of cancer,

sites. for each of several
the comparison

number of cancers
(1957-1958)
exposed group and the annual number that
could be detected with probability 1-5,

if (a) the true incidence among the exposed

between the annual

actually observed in each
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were Pgs
and

the minimal value of P, satisfying
3 (b) the true incidence
among the nonexposed were P1

@ and
where P1 is
the observed incidence in the Hiroshima
population (1957-1958). It is indicated
that a minimum observation period among the
9000 exposed within 1500 meters from the
hypocenter should be about one year for all
malignant neoplasms, two years for cancer
of stomach and lung, three or four years
for cancers of cervix uteri and breast, and

five or six years for cancer of ovary.

L2 PR LTChda LB 4R+ 58 /ME
THb I L, (b) FHBREOEBROBRARNIP,
Thd-T, Pl.iﬁ?.!ealhﬁ)wa?-—l%S q-.mts%m:ﬁ‘
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TABLE 8 MALIGNANT NEOPLASMS OBSERVED IN EXPOSED AND MINIMAL NUMBER DETECTABLE

ACCORDING TO FORMULA, MORTALITY SAMPLE, BY SITE
RS WREULGOTBELAMUNEEH EMELR P E LA HEErTB 2 LT,
RAOOHEME, EFCAESY 7L 258+ 5
ANNUAL NUMBER OF MALIGMANT NEOPLASMS IN EXPOSED (NP,)
ANNUAL R O S
SITE OF — - = s
NEQPLASH | INCIDENCE MINIMAL DETECTABLE MINIMAL DETEGTABLE
NOMEXPOSED NUMBER (NPc) NUMBER (NPc)
g e i EL TN
G %Eﬂ;&;r oesenvep | SHEELE || BIERAK
I" ”rj e az .01 a =z .05 ey a = .01 a= .05
T e b o e e
8= 101 g= .20 A= .10 A= .20
TOTAL
P .00140 17 18 11 48 38 30
S HINRCH . 00050 § 16 9 14 25 16
&} g . =
f.l;jﬁi“ . 00006 MR 8 : B | e
CERVIX
AT .00018 i 15 i 5 20 12
BREAST
R .00017 1 15 8 3 17 g .
OVARY
P .0gpDo2 0 15 8 2 15 8
SUMMARY B2 80

Statistical considerations are presented
on the tumor registries established for
purpose of studying radiation
carcinoma

induced
in Hiroshima and Nagasaki
by observing tumors developing in the
survivors of these cities. In addition to
describing the background and purpose of
the tumor registries the report consists of
two parts: (1) accuracy of reported tumor
statistical aspects of the
incidence of tumors based both on a current

population and on a fixed sample.

cases and (2)
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Under the heading background, discussion
includes the difficulties in attaining
complete registration; the various problems
associated with the tumor registries; and
the special characteristics of tumor
registries in Hiroshima and Nagasaki.

Beye's a posteriori probability formula
was applied to the Type I and Type II
errors in the autopsy data of Hiroshima
ABCC. (Type I,
not cancer as cancer;

diagnosis of what is
Type II,
what is cancer as noncancer.)

diagnosis of

Finally, the report discussed the
difficulties in estimating a current
population of survivors; the advantages
and disadvantages of analyses based on a
fixed sample and on an estimated current
population; the comparison of ineidence
rates based on these populations using the
20 months'

Hiroshima;

data of the tumor registry in
and the sample size reguired for
studying radiation induced carcinoma.
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