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Cancer incidence among the liquidators
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The work presents data on incidence of solid malignant neo-
plasms among liquidators of the Chernobyl accident which have
been gathered in the Russian National Medical and Dosimetric
Registry (RNMDR) from 1986 to the beginning of 1996. The RNMDR
contains individual dosimetric data and results of annual medi-
cal check-ups of the liquidators living on the territory of
Russia. The study involves male liquidators who had no on-
cological diseases before arrival to the 30-km zone and for
whom the following information was available: confirmed dose of
external irradiation, birth date, date of arrival to the 30-km
zone, time spent in the 30-km zone, results of medical check-
ups. The number of liquidators under study was 114504 persons,
which is about 68% of all liquidators registered in the RNMDR.
The average dose of the cohort that is considered is 108 mGy,
the average age at the time of their first arrival in the 30-km
zone is 34.3 year and the total number of person-years is
797781. The liquidators’ cohort is briefly characterized, can-
cer incidence of liquidators is compared with that of the popu-
lation of Russia as a whole by calculating standardized inci-
dence ratio (SIR). SIRs with 95% confidence intervals for all
solid malignant neoplasms and cancers of the digestive system
were 1.23 (1.15; 1.31) and 1.11 (1.01; 1.24) respectively. Es-
timation of radiation risks for the same disease classes has
revealed a statistically significant increase in cancer inci-
dence with increase in external radiation dose of liquidators.

Introduction

After the Chernobyl accident in 1986
a system of collection, storage and
verification of medical and dosimetric
data on persons exposed to radiation as
a result of the accident at the fourth
reactor unit of the Chernobyl NPP was
set up in Obninsk, Kaluga region [1].
After some organizational transforma-
tions [2], this system presently exists
as the Russian National Medical and Do-
simetric Registry (RNMDR).

The RNMDR database annually receives
individual information from medical sur-
veillance of the exposed persons includ-
ing the liquidators residing in Russia.
As of the beginning of 1996, 169372 liq-
uidators were registered in the RNMDR.

By now a number of papers have been
published in the CIS and abroad aimed at
studying health effects and other conse-
quences of the Chernobyl accident [3-
11]. In particular, paper [11] presents
estimates of morbidity and mortality
among liquidators for a wide range of
diseases and [3, 7, 8] - estimates of
radiation risks.

However, these papers were either de-
scriptive or considered influence of
radiation and other factors on liquida-
tors’ health in a broad manner, for ex-
ample, paper [7] presents estimates of
radiation risks for various diseases,
some of which are not traditionally re-
garded as radiogenic. An exception to

the rule are specialized publications on
relatively small groups of liquidators
[12, 13].

One of the issues which has not been
much publicized yet is the dependence of
frequency of cancer diseases on the in-
fluence of radiation and other related
risk factors on liquidators’ health. On
the other hand, malignant neoplasms are
known to be radiogenic [14], which is
confirmed by both clinical and radia-
tion-epidemiological studies [15].

For example, the long-term study of
the survivors of the atomic bombing of
Hiroshima and Nagasaki in 1945 has shown
growth in morbidity and mortality rates
for malignant neoplasms with an increase
in radiation dose [16].

Studies of large populations of those
exposed to radiation or dealing with
radioactive sources are under way in
many developed countries: USA [17], Can-
ada [18], UK [19] and others. To pool
the available experience international
collaborative projects have been carried
out [20, 21].

The above studies help to elucidate
the relationship between radiation,
working conditions etc. and risk to de-
velop or die from various diseases, pri-
marily malignant neoplasms, for differ-
ent groups of people professionally or
otherwise affected by adverse factors,
the principal of which is radiation. The
levels of exposure considered were dif-
ferent. For the Japanese cohort [16] the
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dose range was rather wide including
relatively high doses - more than 500
mGy, while for professionals in nuclear
industry the doses were below 10 mGy
[21]. From this standpoint the cohort of
liquidators takes an interim position:
the average dose for them is about 108
mGy [8, 22], which makes it particularly
valuable for investigation.

This paper is devoted to a study of
the incidence of solid cancer and risk
estimation for liquidators of the Cher-
nobyl accident and comparison of cancer
incidence for liquidators with cancer
incidence for the population of Russia
as a whole. The paper may be considered
as continuation of previous works [3, 7,
8, 23].

At the same time, it should be empha-
sized that due to objective and subjec-
tive reasons the results obtained cannot
be considered as complete studies and
are primarily indicative of the current
amount of data in the RNMDR.

Methods and materials

Cohort and radiation doses

The cohort of liquidators under study
comprises 114504 persons and is a sub-
group of the liquidators registered in
the RNMDR (169372 persons as of the be-
ginning of 1996). This subgroup includes
male liquidators (females constitute 1%
of the total number of liquidators) who
had no cancer before their arrival to
the 30-km zone and for whom the follow-
ing data are available: birth date, date
of arrival in the zone, period of time
spent in the zone, results of medical
check-ups and external radiation dose.

The term “ dose”  means a documentary
confirmed external radiation dose for
each liquidator.

Dosimetric data can be divided into
three major groups:

- absorbed dose obtained via an indi-
vidual dosimeter;

- group dose assigned to members of a
group working in the zone, based on
readings of an individual dosimeter
which was placed with one member of the
group;

- itinerary dose which was estimated
by dose rate in the zone and time spent
by members of the group in the zone.

To verify dosimetric information cer-
tain steps were undertaken including
efforts of the RNMDR specialists and
projects involving independent experts
from the European Community [13, 24].

Paper [22] examines in detail whether
the RNMDR data are reliable. The analy-
sis has revealed that the RNMDR contains
an insignificant amount of unreliable
dosimetric data.

The dosimetry issue remains a most
critical one in managing the RNMDR.

Table 1 shows the distribution of
liquidators by external radiation dose
and Table 2 - distribution by age. The
average age of liquidators at the time
of their arrival in the Chernobyl zone
is 34.3 years. The majority of liquida-
tors (about 80%) took part in the recov-
ery works in 1986-1987. The average pe-
riod of work in the 30-km zone is 2.7
months, the average dose of liquidators
from Russia is 108 mGy.

Table 1
Distribution of liquidators by external radiation dose

Dose group (mGy) Number of liquidators
[0-50) 35898      (31.35%)
[5-100) 29470      (25.74%)
[100-150) 11685      (10.20%)
[150-200) 12940      (11.30%)
[200-250) 19755      (17.25%)
[250+)  4756       (4.15%)

Table 2
Distribution of liquidators by age at the moment of arrival to the 30-km zone

Age (years) Number of liquidators
[15-20) 2180      (1.90%)
[20-25) 8905      (7.78%)
[25-30)          14097     (12.31%)
[30-35)          36323     (31.72%)
[35-40)          37116     (32.41%)
[40-45)          11587     (10.12%)
[45-50)           3294      (2.88%)
[50-55)            664      (0.58%)
[55-60)            263      (0.23%)
 [60+)             75      (0.07%)

System of collection of
medical information

The collection of data in the RNMDR
is performed in the following way. Spe-
cial Registry record papers [2] contain-
ing the information about health status
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of the liquidator under examination are
filled in using unified medical proto-
cols during annual medical check-ups in
Central district hospitals and Regional
oncological clinics. The papers filled
in are verified and passed on to the
regional level. On this level the data
are recorded on magnetic media (floppy
disks), verified and passed on to the
Regional Center. The RNMDR encompasses
20 Regional Centers collecting informa-
tion throughout Russia [2]. The informa-
tion from the regional centers goes to
the national level (Medical Radiological
Research Center of RAMS, Obninsk) where
it is checked and analysed. About 70-80%
of liquidators registered in the RNMDR
undergo annual check-ups as part of spe-
cialized screening programs. The group
of doctors performing examination of
liquidators necessarily includes an on-
cologist.

As a result, the RNMDR database in-
cludes individual medical-dosimetric
information such as:

- general information about the liq-
uidator: name, surname, birth date, ad-
dress etc.;

- data related to participation in
the recovery works at the Chernobyl NPP:
date of arrival, period spent in the 30-
km zone, external radiation dose etc.;

- information on health status: In-
ternational Classification of Diseases
codes (ICD-9 [25]) of diseases diagnosed
after the Chernobyl accident, when and
where the diagnosis was made.

The term “ cause of disease”  is used
here to denote the registration of the
first oncological diagnosis since the
liquidator’s arrival to the 30-km zone
by a health-care institution.

The RNMDR database is annually up-
dated with information from Regional
Centers and from specialized Registries
of the Defence Ministry of Russia, Min-
istry of Home Affairs, Federal Security
Service, Ministry of Transport, Ministry
of Nuclear Power and Industry. The liq-
uidators’ cohort studied in the paper
conforms to the data contained in the
RNMDR database as of the beginning of
1996.

Methods of analysis

For each person the time under risk
to develop a disease of a particular
class is calculated as a difference of
dates T

1
 and T

0
, where T

0
 is the time of

arrival to the 30-km zone and T
1
 is the

first of the following dates: the date
of the first diagnosis for the class of
diseases under study, the date of the
latest medical check-up and the date of
death. The incidence rate used in the
paper is defined as a ratio of the total
cases of disease and the total time un-
der risk which is measured in person-
years.

In order to estimate the difference
in cancer incidence among liquidators
and the population of Russia as a whole,
standardized incidence ratio (SIR) is

calculated. Age-related incidence rates
for the male population of Russia pub-
lished in [26] were used in calcula-
tions.

To determine the dependence of inci-
dence rates on the dose, individual data
about liquidators have been grouped in a
multidimensional table. In the present
paper the data are divided into 10
strata by age ([15-20), [20-25), [25-
30), [30-35), [35-40), [40-45), [45-50),
[50-55), [55-60), [60+) years) and into
6 groups according to dose ([0-50), [50-
100), [100-150), [150-200), [200-250),
[250+) mGy).

Let i  be the age group index and j  be
the dose group index.

Let Y
ij

 be the number of cases of dis-
eases, P

ij
 - person-years, M

ij
 - the inci-

dence rate in the stratum ij . In these
terms M

ij
 for a given class of diseases

can be defined as

M
ij

 = Y
ij

 / P
ij

 . (1)

It is reasonable to assume [27, 28]
that Y

ij
 values are independent Poisson

random values with mathematical expecta-
tion E(Y

ij
) = P

ij
M

ij
. To determine the de-

pendence of M
ij

 on the dose it is neces-
sary to present M

ij
 in the form of a

parametric function and its parameters
are to be determined via maximisation of
likelihood function

L = Σ{ Y
ij

 ln(P
ij

M
ij

) - P
ij

M
ij

} , (2)

where M
ij

 = f(D
ij

)  and D
ij

 is an average
dose in ij  stratum.

Simple functions are used in this pa-
per

f(D
ij

) = M
i0

 exp(ad
ij

) , (3)

d
ij

 = 0 for j  = 0 and d
ij

 = 1 for j  >
0.

f(D
ij

) = M
i0

 (1 + bD
ij

) . (4)

Function (3) is used to determine
relative risk RR = exp(a) , function (4)
is used to determine significance of
relative risk dependence on dose. The
statistical test applied for these pur-
poses is the test of ratios of likeli-
hood maxima at zero hypothesis b = 0.
The [0-50) mGy group was taken as a
background dose group ( j  = 0).

AMFIT program [28] was used to esti-
mate the parameters of function (3-4),
perform statistical tests and determine
confidence intervals.

Results

In the period under study from 1986
to early 1996, 983 cases of solid can-
cers (ICD-9 codes 140-165, 170-195) were
diagnosed among the liquidators of the
cohort under study, the total number of
person-years was 797781. The most wide-
spread among the liquidators are malig-
nant neoplasms of the digestive system
(ICD-9: 150-159) - 301 cases of diseases



"Radiation & Risk", 1996, issue 8 Scientific Articles

29

and malignant neoplasms of the respira-
tory system (ICD-9: 160-165) - 250 cases
of diseases. Table 3 shows the values of
SIR with 95% confidence intervals for
these classes of malignant neoplasms and
all solid tumors.

As is seen from Table 3 there is a
statistically significant difference of
SIR from unity for all solid tumors and
for malignant neoplasms of the digestive
system, which suggests an increased can-
cer incidence among liquidators for
these classes of diseases as compared to
the male population of Russia.

Table 4 contains estimates of radia-
tion risks for all solid tumors and ma-
lignant neoplasms of the digestive and
respiratory system. As was the case with
SIR, a significant difference of rela-
tive risk RR from unity is observed for
all solid tumors and malignant neoplasms
of the digestive system. Table 4 also
shows values of p corresponding to the
test for linear trend in relative risk.
For all solid tumors and malignant neo-
plasms of the digestive system, a sta-
tistically significant positive associa-
tion of relative risk and external ra-
diation dose has been noted.

Table 3
Observed and expected cases of the diseases under study

Disease class ICD-9 Observed
cases

Expected
cases SIR

Solid tumours 140-165;
170-195

983 800 1.23
(1.15;1.31) a

Malignant neoplasms of digestive
system

150-159 301 271 1.11
(1.01;1.24)

Malignant neoplasms of respiratory
system

160-165 250 247 1.01
(0.89;1.15)

a - 95% confidence intervals.

Table 4
Relative risk ( RR) for the studied class of diseases with 95% confidence intervals

Disease class RR Pà Comment

Solid tumours 1.2
(1.04; 1.39)

0.01 RR increases with
dose

Malignant neoplasms of digestive
system

1.68
(1.25; 2.25)

0.02 RR increases with
dose

Malignant neoplasms of respiratory
system

1.07
(0.8; 1.42)

0.24 No significant ef-
fect

à - test for linear trend.

Discussion

The system of collection, storage and
verification of medical and dosimetric
data on liquidators of the Chernobyl
accident which was established in 1986
has made it possible to accumulate a
large body of factual material about
their health status, received doses and
so on. The collected individual data
include, among other things, information
on cancer incidence among liquidators
which became the subject of our analy-
sis.

The analysis of the available infor-
mation has shown that oncological dis-
eases of the digestive and respiratory
systems are most widespread among liqui-
dators. For these classes of diseases
and for all solid cancers SIR values
were derived. The male population of
Russia was used as a standard. Estimates
of SIR for all solid cancers (SIR = 1.23
with 95% CI (1.15; 1.31)) and cancers of
the digestive system (SIR = 1.11 with
95% CI (1.01; 1.24)) are significantly
different from unity. This is indicative
of an increased incidence of these

classes of diseases among liquidators as
compared with the male population of
Russia, according to official statisti-
cal data [26]. This fact can be attrib-
uted to different reasons. e.g., to the
difference in the system of collecting
medical information used in the RNMDR
and when preparing official statistical
data on cancer in Russia. It is reason-
able to assume that deeper and more sys-
tematic medical check-ups of liquidators
as compared to conventional health care
procedures in Russia, can lead to higher
detectability of cancer among liquida-
tors.

The estimates of relative risk, as
with SIR, have a statistically signifi-
cant difference from unity for all solid
cancers (RR = 1.2 with 95% CI (1.04;
1.39)) and all cancers of the digestive
system (RR = 1.68 with 95% CI (1.25;
2.25)). These classes of diseases have
also shown a statistically significant
positive trend as a function of external
radiation dose of liquidators.

One of the difficulties in interpret-
ing the obtained coefficients of rela-
tive risk is that they are rather high
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for the dose range under study. Extrapo-
lation of risks derived for the Japanese
cohort of the atomic bombing survivors
[16] to the doses of the order of 100
mGy will give a lower relative risk in
comparison with the results of the pres-
ent work. It should be noted, however,
that the analysis of cancer incidence
among liquidators is based on the fol-
low-up of 10 years, whereas for the
Japanese cohort data on cancer incidence
became available only ten years after
exposure. According to the results in
[16], the relative risk for solid can-
cers decreases with time after exposure.
The decrease in risk is particularly
dramatic for people who were younger
than 20 at the time of bombing. For
those who were older at the time of ex-
posure no decrease is observed. It might
be assumed, however, that in earlier
periods the dependence of relative risk
on time for 20-40 year-olds could have a
similar trend for an increase in rela-
tive risk with the decrease in the pe-
riod of time since exposure. Such a hy-
pothesis will probably partly explain
the discrepancy between the results of
the present work and results of the
analysis based on the Japanese cohort,
as the overwhelming majority of liquida-
tors were 20-40 years old at the time of
their arrival to the 30-km zone and the
cohort has been followed up for less
than 10 years. Yet, this is just a hy-
pothesis and to confirm or disprove it
additional studies are required going
beyond the scope of this work.

Conclusion

Based on the analysis of medical and
dosimetric information about liquidators
of the Chernobyl accident collected dur-
ing the period from 1986 to the begin-
ning of 1996 by the Russian National
Medical and Dosimetric Registry, rela-
tive risks for different classes of on-
cological diseases have been estimated
and cancer incidence in liquidators and
the population of Russia as a whole were
compared.

In general, for all solid tumors and
malignant neoplasms of the digestive
system, the incidence rate is higher for
the liquidators’ cohort under study as
compared with the male population of
Russia. For the same class of cancers a
statistically significant increase in
relative risk of incidence with external
radiation dose among liquidators has
been observed.

The results obtained should be con-
sidered as qualitative. Further follow-
up of the liquidators’ cohort is to help
reduce uncertainties in the quantitative
interpretation of these results.
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