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Thyroid cancer in Belarus post-Chernobyl:
Improved detection or increased incidence?

Summary |

Thereds debate on whether the reported increasein the number of cases
of childhood thyroid cancer in Belarus is real and attributable to radiation
released following the Chernobyl nuclear accident, or rather an artefact
due to incorrect histological diagnosis, more complete case reporting
and mass screening of children after the accident. We have scrutinised
the histological slides of 120 (75%) of the 160 cases reported among
children aged up to 15 years to the Belarus tumour registry from 1986
to 1992 and examined time trends and geographical patterns in in-
cidence-and tumour characteristics. Incidence based on reported cases
increased from 0.041 per 100.000in 1986 to 2.548 in 1992. Carcinoma
was confirmed in 94 % of reviewed tumours. Except for one medullary
 carcinoma all histologies were of the papillary type. Most of the tumours
had spread beyond the organ capsule and measured over 10 mm in dia-
meter. There was a weak and statistically non-significant trend (p = 0.19)
towards smaller tumours in the later years. The proportion of cases with
| lymphnode or distant metastasis remained unchanged. Incidence based
on histologically confirmed cases was highest adjacent and to the west
and north of Chernobyl, matching best estimates of iodine-131 con-
| tamination. Qur data thus strongly suggest that the observed increase Is
_real but more data are needed in order to assess the impact of mass

“atChernobyl in 1986.

 screening and to clarify the possible association with radiation refeased

A pronounced increase in the num-
ber of thyroid cancer cases diag-
nosed among children in Belarus
starting in 1988 and continuing
through 1992 has been reported?.
This has been attributed to radio-
iodines released following the ac-
cident which destroyed unit four of
the Chernobyl reactor site on April

26, 1986, and which lead to radio-
active contamination of large areas
of the republic of Belarus’?. Cher-
nobyl is Jocated in the Ukraine,
near the Gomel district in the
south-east of Belarus. The reported
increase in childhood thyroid can-
cer occurred earlier than expected
on the basis of much of the previous

experience — in most studies of
external radiation, a latent period
of ten years or more has been docu-
mented®. On the other hand,
reports of latent periods as short
as 3 years can be found in the lite-
rature®. Patients with Graves’
disease who were given therapeutic
doses of iodine-131 have shown no
increased risk of thyroid cancer?. It
is therefore a matter of debate
whether the excess observed
among children in Belarus is real,
and a number of alternative expla-
nations have been put forward®-3,
The increase could partly or entire-
ly be attributable to false positive
histological diagnoses or, conver-
sely, be due to improved detection
and more complete reporting of
thyroid cancer cases because of
increased awareness in the post-
accident era. Furthermore, it has
been argued that many of the
reported cases could correspond to
a dormant and thus clinically irre-
levant type of carcinoma, occuit
papillary thyroid carcinoma, which
has been described as a “normal
finding” in autopsy studies?.

We have re-examined the majority
of histological slides and have
assessed time trends and geo-
graphical patterns in tumour cha-
racteristics and incidence, in order
to investigate the nature of this
apparent epidemic of childhood
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thyroid cancer. Our objectives
were to assess whether the excess
could be artefactual due to (i)
incorrect histological diagnoses,
(ii) more complete case reporting
in the post-Chernobyl era, or (iii)
screening for thyroid tumours of
large numbers of asymptomatic
children in the years following the
accident.

Material and methods

In Belarus, first medical contacts
are with general policlinics, from
which patients with suspected
oncological conditions are referred
to one of 12 specialized tumour
clinics. These clinics, as well as all
hospital departments throughout
the country and the  oncological
centres in Minsk, are obliged by
law to report all cases of neoplasms
to a registry which was created in
1965 at the State Research Institute
for Oncology and Medical Radio-
logy in Lesnoj near Minsk (called
in brief the Lesnoj Research In-
stitute). Diagnoses are coded
according to the 9th revision of the
International  Classification of
Diseases (ICD-9)° and tumour
stage is assessed using the TNM
classification system!!. Patient in-
formation includes name, age, sex,
region (oblast) and district (rayon)
of residence, date of diagnosis,
reporting clinic and clinical follow-
up data.

The histological slides of 120 child-
ren aged up to 15 years who were
diagnosed as having thyroid cancer
from 1986 to 1992 and who had
undergone thyroid surgery were
re-examined by a pathologist of the
Lesnoj Research Institute (A.W.E)
and by two senior Swiss patho-
logists (B.E., C.R.). The Inter-
national Classification of Thyroid
Tumours'? was used for histological
grouping. Tumour size had been
measured and invasion of neigh-
bouring tissues and lymph nodes
assessed immediately following
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surgery. Detailed procedures are
described elsewhere .

Incidence rates based on popula-
tion data obtained from the Be-
larus State Commission for Statis-
tics, together with Poisson 95%
confidence intervals, were calculat-
ed for the ten-year period pre-
ceding the accident at the Cher-
nobyl nuclear power plant and for
each year from 1986 to 1992. Com-
parison rates from Eastern Europe,
Scandinavia and the United States
were computed based on cancer
registry data published by the
World Health Organisation®. In-
cidence rates by oblast and, in
some instances, by rayon were
calculated for 1990 and 1991 com-
bined and compared to patterns of
radio-iodine contamination on
May 10, 1986, as estimated by the
Belarus Centre for Radiation Con-
trol and Environmental Radiation
Surveillance on the basis of radio-
nuclide emission and meteorolog-
ical data.

Results

Asshown in Table 1 the number of
cases of childhood thyroid cancer
reported to the registry increased
from an average of 1 case per year
during the ten-year period pre-
ceding the accident to 27 cases in
1990, 55 in 1991 and 66 in 1992.
Incidence based on reported cases
averaged 0.041 per 100,000 person-
years (95% confidence intervals
0.019-0.078) during the decade
preceding the accident, but had
increased to 2.548 per 100,000
(1.94-3.28) by 1992; that is, a 62
times higher rate. The incidence of
childhood thyroid cancer reported
from Eastern European registries
are comparable with the pre-
accident rates from Belarus. The
rates reported from the big Scandi-
navian and U.S. registries are still
about 13 times below the rate
reported from Belarus for 1992.

Among the 120 histological slides
which were reviewed by outside

pathologists carcinoma was con-
firmed in 113, corresponding to
94 % of reviewed cases. Up to 1991,
93% of reported cases could be
reviewed by our team, but this
figure dropped to 41% in 1992
(Table 1). Overall, the 120 slides
reviewed represent 75% of all 160
cases reported from 1986 to 1992.
All cancers were of the papillary
type except for one which was of
the medullary type.

The characteristics of the 86 histo-
logically confirmed cases diag-
nosed from 1986 to 1991 are shown
in Table 2. Among these, all under-
went thyroidectomy or hemi-
thyroidectomy except for 1 patient
who only had a node removed.
Sixty percent of childrten were
below 10 years of age at diagnosis.
There was a slight female pre-
ponderance. The majority of cases
were diagnosed in Gomel. Sixty-
two percent of tumours had spread
beyond the capsule, 65% had in-
vaded cervical lymph nodes and
(including follow-up information)
13% had spread to the lungs. On
histological review, one case was
reclassified from T2 to T4. The
1992 cases are not included in
Table 2 because only a small pro-
portion which may not be re-
presentative was available for in-
dependent assessment.

Because of incomplete data for the
pre-accident cases no direct com-
parisons can be made. However, it
is known that only 1 out of the 9
cases {11 %) diagnosed in the ten-
year period preceding the accident
was below 10 years of age at dia-
gnosis, a significantly (p = 0.011 by
Fisher exact test) lower proportion
than among the cases diagnosed
from 1986 to 1991 (60%). Forty-
four (51%) of the 86 cases with
confirmed histology were a few
months to 4 years old at the time
of the accident. Among the cases
diagnosed from 1988 onwards none
was born after 1986.

In order to investigate whether
there was an effect of screening
activities on tumour and patient



o of cases
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Table 1. Incidence of thyroid cancer in children below 15 years of age in Belarus 1976~ 1985 (pre-Chernobyl),
1986 - 1992 (post-Chernobyl) and international comparison rates

characteristics, the cases diagnosed
in the period before screening
began (1986 to 1989) were com-
pared with the cases reported in
1990 and 1991 (Table 3). No statis-
tically significant differences are
evident although there is a trend
towards younger age, more diag-
noses in Gomel oblast, and smaller
tumours during the later years

when screening of children at
schools and clinics took place. The
severity of disease at diagnosis as
judged from lymph node involve-
ment and distant metastasis was
similar in the two periods.

Figure 1a shows incidence rates for
childhood thyroid cancer for 1990
and 1991 combined by oblast or
groups of districts. The highest rate

is observed in the districts adjacent
to Chernobyl but high rates are
seen in all of Gomel and in the
neighbouring districts of Mogilev
and Brest to the north and west re-
spectively. The geographical distri-
bution of childhood thyroid cancer
incidence thus roughly corresponds
with the contamination pattern
shown in Figure 1b, although no
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Table 2. Characteristics of 86 histologically confirmed thyroid cancer cases below 15 yearsuof age in Belarus,
19861991

increase in incidence is noticeable and most likely attributable to ed here and on data published ear-
in Grodno oblast despite fairly high  radiation released following the lier®, this possibility can clearly be

contamination levels. nuclear accident at Chernobyl, ruled out. In over 90% of reviewed
while their opponents have dis- cases the histological diagnosis was
missed it as an artefact. confirmed by an international team
Discussion We have examined three key consisting of a senior pathologist

questions which are at the heart of from the Lesnoj Research Institute
The nature of the reported increase  this debate. First, could the ob- and two senior Swiss pathologists.
of childhood thyroid cancer has served increases be spurious due to  Secondly, could the increase be due
been the subject of intense debate.  false. positive histological diag- to more complete case reporting in
Some believe that the excessisreal noses? Based on the data present- the post-accident era? Both the
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leading American and European
cancer registries (the SEER-pro-
gramme in the United States and
the Scandinavian registries) report
a childhood thyroid cancer inci-
dence rate of 0.19 cases per 100,000
per year (95% confidence interval:
0.14-0.27 and 0.14-0.26)“, and
this rate is significantly lower than
the rates reported for Belarus in
1990, 1991 and 1992 (p<0.05,
p<0.0001 respectively). Improved
reporting could thus only explain a
small part of the increase observed
in Belarus.

Thirdly, could a large proportion of
the Belarus cases correspond to
dormant and thus irrelevant occult
papillary carcinoma (OPC) detect-
ed by screening? Autopsy studies
have shown that OPC is indeed
very common in adults. In 8 series
comprising 1.759 autopsies OPC
was found in 17.6%° and a recent
autopsy study from Belarus re-
ported a prevalence of 8.8%
among 215 autopsies>. Conversely,
OPC appears to be rare in children
but no large autopsy series exists in
this age group. The limited data
which are available indicate that
OPC is present in less than 5% of
children®. However, even if only
one out of a hundred children were
affected, this could lead to a spu-
rious epidemic of thyroid cancer if
OPC was detectable by screening
and if a large enough number of
children were screened. The exact
number of children screened is
unknown but it is certain that many
children were indeed examined for
thyroid disecase by palpation or
ultrasonography. These activities
were concentrated in the southern,
most heavily contaminated regions
of Belarus, from which the major-
ity of cases have been reported.

A number of observations make it
nevertheless unlikely that OPC
detected by screening is behind the
observed increase in childhood
thyroid cancer in more than a
minority of cases. In the autopsy
studies mentioned earlier OPC was
detected by serially and trans-

Characteristic

N1a)
. (N1p)

it me‘tasté'sis of theiung ;

(30%)

(40%)
 (20%) -
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Table 3. Comparison of thyroid cancer cases diagnosed 1986— 1989 (no
or little screening) with cases diagnosed 1990 and 1991 (some screening)

versally cutting the thyroid at 2- to
3-mm intervals. Eighty-one per-
cent of occult tumours measured
less than 3 mm in diameter and
96 % measured below 10 mm?®. The
same holds true for a study from
Belarus: 46% of OPCs were up to
1 mm in size and only one (4%)
was larger than 5 mm?®. It is there-
fore unlikely that more than a
small proportion of occult tumours

would be detectable by screening.
Furthermore, the histological
features found in Belarus are far
from typical for OPC. Among the
histologically confirmed cases
diagnosed in 1990 and 1991, 70%
measured more than 10 mm, 62 %
showed extracapsular growth and
66% lymph node metastasis, and
after follow-up, 13% had distant
metastasis of the lung. During the
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Figure 1. Incidence of thyroid cancer in children up to 15 years of age per 100,000 person-years for 1990 and
1991 combined (Figure 1a) and iodine-131 contamination map of Belarus (Figure 1b). Belarus is divided into oblasts
. J; the southern oblasts were further divided into groups of districts (—------ ). The circle around Chernoby!

indicates a 30 km radius

follow-up period one child died
from lung metastasis. These
findings are very comparable to
those for a series of childhood
thyroid cancer patients treated
in France®”.

The reports to the registry thus
appear to reflect a real increase in
incidence of childhood thyroid
cancer, although this conclusion
should be further supported by
studies specifically addressing the
question of screening. Is this in-
crease compatible with causation
by radiation from the nuclear ac-
cident? Radioactive iodines accu-
mulate in the thyroid gland and the
risk of developing radiation-
induced thyroid cancer will thus
depend on levels of exposure to
radioiodines. Individual radio-
iodine doses are difficult to recon-
struct, given the short half-life of
radioactive iodine isotopes, and
attempts at developing such esti-
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mates are still in progress. How-
ever, geographical comparisons are
already possible. The regional
distribution of iodine-131 contami-
nation as estimated for May 10,
1986, by the Belarus Centre for
Radiation Control and Environ-
mental Radiation Surveillance, is
shown in the figure. A similar map
had already been produced from
data of the Lawrence Livermore
National Laboratory in 1986%%. The
geographical distribution of child-
hood thyroid cancer incidence
roughly corresponds to this conta-
mination pattern.

The age distribution of the cases
also supports a causal link with the
accident. In the pre-accident era,
only 1 out of 10 children was below
the age of 10 years at diagnosis, but
this proportion increased to over
50% among the cases reported in
1990 and 1991. Fifty-four percent
of the latter were less than 5 years

old in 1986, but none of the cases
diagnosed between 1988 and 1991
were born after 1986. These data
are compatible with causation by
radiation and with a higher suscep-
tibility among younger children.
No increase in thyroid cancer had
been seen in adult patients after
iodine-131 treatment, but external
radiation to the thyroid is more
carcinogenic in infants than in
adults and the same may be true
for internal radiation from iodine-
131* %9, Finally, papillary histology
has been shown to be associated
with radiation exposure?,

In conclusion, our analysis of avail-
able data supports the notion that
there is a real increase in childhood
thyroid cancer in Belarus which is
causally related to the Chernobyl
nuclear accident, as tumour pro-
perties make it unlikely that more
than a minority of cases correspond
to occult carcinoma detected by



screening. This interpretation cor-
responds to that of a recent con-
sensus opinion of an international
Panel of Thyroid Experts formed
by the Commission of the Euro-
pean Community?, to which some
of our analyses had already been
made available. It is also com-
patible with preliminary findings
from the Chernobyl Sasakawa
Project, where systematic ultra-
sonic screening of children led to
the discovery of seven cancer cases
in the contaminated Gomel oblast
(6.129 children screened), but so
far none in Mogilev oblast, which
was much less contaminated by
iodine-131 (6.496 children screen-

ed)?,
Nevertheless, as is evident from
numerous discussions, the evi-

dence will not be generally con-
sidered as conclusive, and further
analyses including data on the
extent of screening activities, the
mode of diagnosis of reported
cases, and the place of residence of
the patients around the time of the
Chernobyl accident are needed, as
are studies attempting to establish
exposure levels, dose-response
relationships for Chernobyl-relat-
ed thyroid cancer and possible
modifying factors including en-
demic iodine deficiency.

In the meantime, the ongoing
debate should not distract those
who are in a position to help from
providing urgently needed medical
and humanitarian assistance to the
increasing number of Belarus
children in whom thyroid cancer
has been diagnosed.
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:;-Sch/lddrusenkarzmoms in Be}’arus ech‘f

des Nuklearunfalls von Tschernobyl zuz
_einen Artefakt handelt, indem nach «
Diagnosen gestel/t wurden, die Benc/gf
%stand/ger wurde oder Massenfri

20 (75%) der 160 F3lle von Schilddr
Jahren ‘Uberprift, die zwischen 19

- von Belarus gemeldet worden sind, sow

_geographische Verteilung der aufgetre
-analysiert Gestiitzt auf die gemeldeten
),041 pro 100000 im Jahre 1986 auf
er Gberpriften Falle wurde Krebs als
ahme von medulldrem Karzinom 'w
efunden.. Die Mehrzahl der Tumore
rochen und massen (ber 10 mm_im
and sich. ein schwacher und. stati
0 =0,19) in Richtung kleinerer Tumor
] ‘phknoten ~und entfernten Metastase
uf die histologisch bestitigten Fille
schernobyl und in westlicher und nord/ic
uch der Kontamination mit Jod-131 en
amit deutlich darauf hin, dass die beo
erden noch weitere Daten bendtigt,
es Massenscreening abzuschdtzen un
m Jahre 1986 in Tschemobyl freigese
ukiaren e
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