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RADIATION CARCINOGENESIS
KNOWLEDGE OF human cancer risks due to exposure to
ionising radiation is based in large part on studies of atomic
bomb survivors [1]. Because of the short-term high exposures
experienced by atomic bomb survivors, there are difficulties
in extrapolation of these results to long-term low-level ex-
posures experienced by workers exposed to radiation by vir-
tue of their occupation and by members of the general
public who may be exposed to low levels of radiation from
environmental, medical and other sources. Differences in
cancer-incidence rates between Japan and other countries
also raise questions about the general applicability of can-
cer-risk estimates derived from the follow-up of atomic
bomb survivors to other populations.

Early occupational studies have focused on medical radi-
ologists and radiological technicians [2—4], dial painters [5,
6], and underground miners [7-9]. Early studies of radiol-
ogists revealed excess mortality from leukaemia, multiple
myeloma, and cancers of the pancreas, lung and skin.
Radium dial painters early in the century were found to
have excess osteocarcinomas and carcinomas of the parana-
sal sinus and mastoid. Underground miners exposed to the
radioactive decay products of radon gas experienced elev-
ated lung cancer rates.

The studies that provide the most information for quanti-
fying the effect of exposure to low doses are those of nuclear
industry workers. Nuclear workers represent relatively large
cohorts exposed to low levels of radiation under well-
described circumstances and whose doses are carefully mon-
itored and recorded for regulatory control [10, 11].
Recently, in an attempt to increase statistical power, com-
bined analyses of data from several cohorts in the U.S.A.
[12] and in the U.K. [13] have recently been carried out.
Because of differences in the study populations, combined
analyses of data from different sources need to be con-
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ducted carefully [14]. The International Agency for
Research on Cancer (IARC) is currently conducting a com-
bined analysis of nuclear workers in several countries [15].

CENTRALISED DOSE REGISTERS

For the purpose of this report, a centralised dose register is
a repository of data on occupational radiation exposures
maintained at a nations level. In principle, this allows
worker exposure histories to be maintained in a single lo-
cation as they change jobs. Registers contain cumulative
radiation records that can be used for a variety of purposes
including regulatory control of occupational radiation ex-
posure and epidemiological studies of occupational radiation
carcinogenesis.

The development of a comprehensive centralised radi-
ation dose register is not a trivial undertaking [16].
Consideration needs to be given to the type and source of
radiation to which workers are exposed, and to the type of
dosimeters or monitoring systems required for each radi-
ation type. Radiation exposures may be evaluated using per-
sonal dosimerers, bioassay or area monitoring.

The frequency with which data are submitted to the cen-
tralised register may vary with radiation type and employer.
In the past, data have been provided to the registers in the
form of written reports. If data are to be submitted using
electronic media (floppy disks or direct transmission), highly
standardised reporting formats will need to be developed.

Dosimeters used to determine occupational radiation ex-
posures may be read in local laboratories or at a central lo-
cation possibly affiliated with the centralised dose register. If
either the same or different dosimeters are read in different
laboratories, the compatibility of dose information obtained
from different sources needs to be established.

THE WORKSHOP
In order to provide a basis for discussion of the issues
involved in the use of centralised dose registers for epide-
miological purposes, a number of the workshop participants
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were asked to prepare background papers based on their ex-
perience in this area. The initial paper by Professor A.
Miller (Canada) provides an overview of the epidemiological
literature on radiation cancer risks [17]. The remaining
papers describe experiences in different countries in the
development and use of centralised dose registers for epide-
miological purposes. On the basis of these papers and sub-
sequent discussions, the following recommendations were
proposed.

RECOMMENDATIONS

Following the presentation of the background papers, par-
ticipants at the meeting discussed ways of improving the use
of registers and their data in epidemiological research.
Consensus was reached on the recommendations given
below. Each recommendation is followed by a brief sum-
mary of its underlying rationale and relevant points raised in
the discussion.

The first eight recommendations deal with the design and
content of radiation dose registers. The last recommen-
dation calls for a legislative basis for centralised dose regis-
ters. Although this recommendation impacts upon
regulatory policy, the participants felt it was important that
a firm basis exists for development, implementation and
maintenance of centralised registers.

Exposure data for different rypes of radiation should be recorded
separately and it should include all basic data collected

This is necessary to ensure understanding of the basic
dosimetric quantities recorded over time, taking into
account the type of dosimeter, quality factors, calibration
methods and dosimetric models in use at different times,
thus ensuring the comparability of available dose estimates
over time across facilities.

Inaccuracies in the dose measurements themselves should
not be overlooked. The dosimeter is only monitoring a frac-
tion of the surface area of the body and individuals do not
always wear their dosimeters in the appropriate place.

There was considerable discussion on whether or not the
data in the register should include information on con-
founding factors such as exposure to tobacco smoke. It was
felt that a simple indicator of whether or not the individual
had ever been a regular smoker would be useful. Most of
the participants felt that this information could be readily
incorporated into their registers. However, some concern
was expressed over the accuracy of information obtained.
For example, in a study of Ontario miners, union represen-
tatives expressed concerns that providing information on
smoking may jeopardise potential compensation claims.

Other possible confounders discussed were background
and medical radiation. In Canada and the U.K., corrections
are made for background radioactivity. It was pointed out
that collective doses from medical radiation are several
times higher in Japan than thev are in the U.K. In any inter-
national pooling of data, such confounders would have to
be considered.

Cumulative annual doses should be rerained whenever possible
There was an agreement that annual dose information
should be retained whenever possible. Although annual
doses will be adequate for most studies, a finer breakdown
may be required in some studies. This was the case in a
recent study conducted by Ontario Cancer Treatment and

Research Foundation in collaboration with National Dose
Registry of childhood leukaemia and parental exposures
[18]. Discrete dosimeter records and three-month sum-
maries were necessary to identify doses received by parents
in the period prior to conception. A previous study by
Gardner and colleagues [19] was criticised on the grounds
that exposures occurring during the period six months prior
to conception were estimated by amortisation of annual
exposures.

DInternal doses should be recorded

Internal doses of radionuclides such as caesium and tri-
tium should be included in centralised dose registers. At a
minimum, the date of measurement, the radionuclide and
an estimate of intake should be provided. Although annual
doses to specific organs are desirable for epidemiological
purposes, demonstrations of legal compliance for internal
dose are usually confined either to ‘effective whole body
dose’ integrated over 50 years form the current year’s intake
of radioactivity, or to the fraction of permirted intakes for
all nuclides in that year. Owing to the heterogeneous distri-
bution of dose in the body from ingested radioactivity, none
of these quantities permits useful calculations or organ dose.
However, it should be possible for dosimetry services con-
cerned to express their internal dosimetry information in
terms of the quantity of specified materials (or nuclides)
taken into the body for each year of exposure. This infor-
mation is succinct, simple to record (albeit at the cost of
significant computational effort), and sufficient to derive
annual organ doses.

Accidental exposures should be recorded

Inclusion of accidental radiation exposures will ensure
that coverage of exposure from all sources is as complete as
possible. Since short-term accidental exposures may be rela-
tively high, this information could be useful in assessing
dose rate effects. At a minimum the date of measurement,
tvpe of radiation and an estimate of the dose should be
recorded.

Mudtiple personal identifiers should be recorded

Multiple identifiers are necessary for studies involving
computerised record linkage as well as ensuring the com-
pleteness of the records. Redundancy in the identifiers is highly
recommended, and alternative identifiers such as names at
birth or maiden names should be retained wherever poss-
ible. Suggested identifiers for centralised dose registers
include: surname, first given names, previous surnames, sec-
ond given name, sex, birth date, birth place, birth name,
mother’s maiden name, and father’s given name. The use of
such personal information should comply with any confi-
dentality and legal restraints in place in different countries.

If possible, a unique identifier should be used for subjects
included in a centralised dose registry. The use of a national
identification number can be very useful for linking records
for research purposes. In Canada, it was necessary to obtain
special permission to use the Social Insurance Number for
the maintenance of radiation dose records.

Even if a unique identifier is available in the register, the
use of additional personal identifiers is recommended. The
unique identifier cannot be used to link registry data to
other databases where that identifier is absent. In some
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cases, the use of unique identifiers may be restricted for
confidentiality reasons.

Centralised dose registers should be designed to meet both
regulatory monitoring and epidemiological needs

In most countries where the development of national dose
registers was motivated by regulatory needs, a notable
exception is the NRRW in the U.K., which was originally
set up for epidemiological purposes. The participants felt
that it should be possible to satisfy both regulatory and
research needs using the same register.

It is not advisable to have two sets of records, one for
each purpose for reasons of credibility and data integrity. A
possible compromise would be to maintain a primary set of
records for regulatory purposes, to be supplemented with
additional information required in epidemiological investi-
gations.

There was some discussion on the extent of coverage by
central dose registers. In some countries all monitored
workers are included, whereas in others coverage is limited
to nuclear workers. The extent of coverage depends upon
the purpose of the regisiry and the regulatory environment
in which it must operate.

Indicators of socioeconomic starus should be included

It was suggested that the occupational category could be
used as a measure of a socioeconomic status, since most
registers provide information on occupation. In the UK.,
job categories are used for statistical purposes by regulatory
authorities. Changes in the categorisation scheme by the
regulatory bodies can cause difficulties in research studies.

IARC is considering job classification schemes for use in
their study on nuclear workers. This is a difficult issue,
requiring the development of an international classification
based on disparate classifications in different countries.

The National Dose Registry of Canada has currently 80
different job categories. This is too fine a breakdown for
most studies, and attempts are being made to collapse these
into a smaller number of useful categories. From an epide-
miological standpoint, broad job categories may not be use-
ful, and could be highly correlated with radiation exposure.

Registers must be designed o be fully flexible

Registers must be able to adapt to new changes in regu-
lations, types of dosimeters, dose models, etc. Data extrac-
tion and manipulation must be straightforward and
economical so that the register can meet the wide variety of
demands placed upon it.

There should be a legislative basis for a national register of
occupational radiation exposure records

This legislation should require monitoring organisations
to send data to the Registry, protect the confidentality of
the data, and ensure that it 1s accessible for research pur-
poses. Depending upon the country, this legislation may
also include specific regulatory requirements.

In the U.K.,, individuals have the right to refuse to partici-
pate in the NRRW, but experiences have shown that few
people actually do. In some countries, such as Germany, in-
formation on cause of death is considered confidential. In
such cases, individuals need to be contacted to secure per-
mission to access death records.

CONCLUSIONS

This article reports on the current status of radiation dose
registers in Canada, Japan, the United Kingdom and
Sweden. Finland, Hungary and Switzerland also operate
centralised dose registers. Over one million nuclear industry
workers occupationally exposed to radiation are included in
current registers.

Most of the centralised radiation exposure registers have
been established to monitor worker exposure to ensure that
occupational doses remain within established regulatory
limits. However, once a centralised dose register is estab-
lished, it affords a unique opportunity for epidemiological
investigation of the health effects (including cancer) of ionis-
ing radiation.

Ideally, a centralised radiation dose register should
include: annual dose estimates for each individual in the
register, including estimates of internal doses, recorded by
radiation type and accompanied by all basic data on the
quantity recorded and the assumptions made for estimation
of the doses; cumulative annual doses; and multiple per-
sonal identifiers. Sufficient personal identifiers should be
included to permit linkage of radiation exposure data in the
registry with data on health status, thereby facilitating the
conduct of epidemiological investigations.

The first large-scale epidemiological study based on a
centralised radiation dose register was reported by Kendall
and colleagues [13]. This retrospective cohort mortality has
served to strengthen the existing database on the cancer
risks associated with occupational exposure to ionising radi-
ation. A similar analysis based on the National Dose
Registry of Canada will be completed this year.

Even though these studies involved large numbers of
workers, most have been exposed to relatively small doses of
radiation, and most of the exposed population is still alive.
Individually. these studies may not be able to estimate pre-
cisely the risk associated with low doses of ionising radi-
ation. In an attempt to overcome these difficulties, IARC is
conducting combined analvsis of data from Canada, the
U.K. and the U.S.A. IARC has also started an international
collaborative study of nuclear workers, which s being car-
ried out simultaneously in 11 countries using a common
core study protocol [15]. In the future, the co-ordinated
assembly of additional data on occupational radiation ex-
posures through central dose registers will be of great value
in clarifving the extent of cancer risk associated with occu-
pational radiation exposure.
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