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Abstract
We have studied data on the sex and age distribution of 293 cases of
thyroid carcinoma in children operated in Belarus between January
1990 and December 1994. We have also reviewed the histology of
134 cases and performed immunocytochemistry for calcitonin,
thyroglobulin, ret, met and p53 and in situ hybridisation for
thyroglobulin and calcitonin on a sample of these cases. We have
compared the data derived from this series with those obtained from a
similar series of 122 cases operated in Kiev, Ukraine over the same
time period and those from 154 cases operated in England and Wales
over a 30 year period. There was agreement on the diagnosis of
malignancy in 132 of the 134 Belarussian cases (98%). In 2 of the
cases there was no evidence of malignancy in the material seen in
Cambridge, but not all the original pathological material was available
for review. In 7 cases there was evidence of malignancy, but
inadequate material to determine the subtype of malignancy. The
papillary carcinomas were classified as of the classic type when they
showed a papillary architecture and the nuclear features typical of
adult papillary carcinoma, or of the solid follicular type as described in
the series studied in England and Wales (1). Four were papillary
microcarcinomas. The age and sex distribution of all cases from
Belarus showed a markedly different pattern from that observed in
England and Wales,. In Belarus the peak was at age 9, while the
England and Wales series showed a smooth rise in incidence with
increasing age. Virtually all the cases from Belarus were papillary
carcinoma (99%) compared with only 68% in England and Wales. In
addition, there was a higher proportion of papillary carcinomas of the
solid/follicular type (72% in Belarus, 35% in England and Wales).
The frequency of this subtype did not change significantly with age in
Belarus, whereas there was a relative decrease from 62% in the 0-9
year age group to 23% in the 10-14 year age group in England and
Wales. The data from Belarus concerning sex, age and pathology of
the tumours does not differ significantly from that obtained from a
similar study carried out in Ukraine over a similar time period. The
frequency of the solid/follicular subtype of papillary carcinoma may
therefore be related to the aetiological agent involved. There is also a
clear change in the age threshold for development of thyroid
carcinoma over time, consistent with a causative agent at the time of
the Chernobyl accident, and suggesting that the causative agent does
not persist in the environment. These findings provide confirmation of
the great and continuing increase in the incidence of thyroid carcinoma
in children in Belarus, provide strong evidence that exposure to fallout
from Chernobyl was the cause, and are compatible with radioisotopes
of iodine as the main thyroid carcinogenic agent in fallout.

1: Introduction
The increase in childhood thyroid cancer reported in Belarus following the

Chernobyl accident (2,3) is unprecedented in size and the brevity of the latent period.
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The increase started in 1990,4 years after the accident, and in the 5 years from 1990
to 1994 inclusive 293 cases of thyroid cancer have been diagnosed in children under
the age of 15 at the Pathology Institute in Minsk. The aim of this study was to
determine whether the tumours that have occurred in Belarus post Chernobyl show
any differences in age or sex incidence or in histological type when compared to
tumours that have occurred in an area unaffected by fallout from Chernobyl.
Diagnosis, treatment and follow-up of thyroid carcinoma arising in the 2,347,000
children in Belarus is centralised in Minsk, and all the pathology specimens are
referred to the Pathology Institute for diagnosis. Data on age at operation, date of
birth and diagnosis on all children operated in Minsk was made available, and a
histological review was undertaken of 69 of the first 100 cases operated in 1990-
1991, and 65 from the last 100 cases in 1993-1994. Data on a control non irradiated
population (10,448,000 children) was obtained from the United Kingdom Childrens
Cancer Registry which collects data on all UK childhood cancers. Sex and age data
was available on the 154 childhood thyroid cancers reported in England and Wales in
the period 1963-1992. Tissue for histological review was available on 81 of the 154
cases (53%). A more detailed report of the England and Wales series has already
been published (1). Where sufficient material was available, serial sections from
material from both series were taken for analysis of calcitonin, thyroglobulin, met, ret
and p53 peptides by imrnunocytochemistry and calcitonin using commercially
available antibodies and thyroglobulin mRNA by in situ hybridisation using
digoxigenin labelled oligoprobes.

2: Results
On the material available, the diagnosis of malignancy was agreed in 75

(94%) of the England and Wales cases, and in 68 (99%) of the cases operated in
Belarus between 1990-1991 and 64 (98%) of the 1993-1994 Belarussian cases. The
lack of confirmation of the diagnosis does not mean that the original diagnosis was
wrong, as in some cases not all the material on which the original diagnosis was made
was available for review. Because of the very high level of agreement in both the
early and late cases from Belarus, the sex and age distribution analysis has been based
on all cases recorded in the Pathology Institute.

2.1: Age and sex distribution
The sex and age distribution was very different in the two series, with the

England and Wales data showing a smooth increase with age from about 5 years up to
14, the limit of the study, while the Belarus cases showed a bell shaped curve. When
all 293 Belarus cases were analysed there was a peak age at 9 with an overall mean of
10.41. The first 100 cases, showed a peak at 8 years with a mean of 9.1, while the
last 100 cases showed a peak age of 9, and a mean age of 10.9 years (Figure 1).

The sex ratio of the two series was also different with an overall ratio of 1.7:1
(F:M) for Belarus and 2.3:1 (F:M) for England and Wales.

2.2: Histological type
A histological review was undertaken on 132 thyroid carcinomas from

Belarus and 81 cases from England and Wales. In 7 of the Belarus cases there was
insufficient material in the sections studied to confirm the histological type of tumour
present, and in 6 cases from England and Wales malignancy was not confirmed on
review. There were significant differences between the two series with respect to
tumour type (see Table 1). Papillary carcinomas comprised almost all of the
Belarussian cases (99%), but only 68% of the England and Wales series. Only one of
the Belarussian tumours reviewed was found to be a medullary carcinoma; only four
follicular carcinomas were reported in the total 293 tumours; sections from these
tumours were not included in those available for review.
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Table 1:
Review diagnosis of 75 carcinomas of childhood thyroid carcinoma from England
and Wales and 125 carcinomas from Belarus

Histological diagnosis

Medullary Ca
Follicular Ca
Papillary Ca
Others
Total number of cases

England & Wales
1963-92

12(16%)
8(11%)
51 (68%)
4 (5%)

75

Belarus 1990-1994

1 (1%)
0

124 (99%)
0

125

Three main types of papillary carcinoma were present in both series - a
classical papillary carcinoma, a solid/follicular variant and a diffuse sclerosing
papilary carcinoma (Table 2). In Belarus these formed 14, 72 and 8% of all papillary
carcinomas, by contrast in England and Wales the figures were 41, 35 and 10%
respectively. In England and Wales there was a relatively greater frequency of the
solid/follicular type in children aged 9 years and under at operation (62%) compared
with those aged 10-14 (23%). However, the frequency of this subtype (72%) did not
drop in the older age group in the Belarussian series. Only 4 of the Belarus papillary
carcinomas studied showed the features of "occult" or microcarcinomas; the majority
frequently showed direct invasion of adjacent muscle and connective tissue.

Table 2:
Different subtypes of papillary carcinoma in children.

Papillary Ca subtype

Solid/follicular
Classic type
Diffuse sclerosing
Others
Total number of cases

England & Wales
1963-92

18 (35%)
21 (41%)
5 (10%)
7 (14%)

51

Belarus 1990-1994

89 (72%)
18 (14%)
10 (8%)
7 (6%)

124

These results are consistent with another study comparing the sex and age distribution
and pathological features of childhood thyroid cancer in the Ukraine post Chernobyl.

2.3: Immunocytochemical and in situ hybridisation studies
Calcitonin and thyroglobulin mRNA was localised on serial sections

using digoxigenin labelled oligoprobes and a sensitive in situ hybridisation (ISH)
protocol (4). Calcitonin, thyroglobulin, ret and met peptides were also localised
using indirect peroxidase techniques and commercially available rabbit polyclonal
antibodies. Control dilution profiles for each antibody or probe were carried out on
appropriate human material and appropriate concentrations selected for this study.

Control sections were either hybridised with an inappropriate probe (for ISH)
or incubated with an inappropriate antibody used at the same concentration for
immunocytochemistry (ICC). Other controls included omission of probe or primary
antibody. These techniques were carried out on all available tumours from both
series.

All follicular and papillary carcinomas from England and Wales and all but 6
papillary carcinomas from Belarus were positive for thyroglobulin mRNA and
peptide. In the papillary tumours studied there was considerable intercellular
variation on both ISH and ICC; papillary tumours also showed decreased and a more
heterogeneous expression of thyroglobulin mRNA relative to normal background
thyroid (Figure 2). All follicular and papillary carcinomas were negative for
calcitonin mRNA and peptide. Normal C cells where present in the background
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thyroid were positive for both calcitonin peptide and mRNA. Both series showed
greater than 80% positivity for both ret (Figure 3) and met protein in papillary
carcinomas. The ret staining showed a characteristic dot like pattern at the base of the
cell; in solid areas this altered to circumferential in some tumours. The met staining
was generally diffuse, some membrane staining was also observed mainly at the
periphery of the tumours. 11 (19.3%) of the Belarussian cases showed weak
positivity in occassional nuclei for p53. No significant differences were observed
between the results presented in this paper and those observed in a similar study of
104 Ukraine childhood papillary carcinomas.

3: Conclusions
The large increase in childhood papillary carcinoma in Belarus post

Chernobyl reported in previous studies (5,6) has been confirmed and shown to be
continuing in this study. All diagnoses have been confirmed by ISH and ICC for
thyroglobulin and calcitonin. No major differences between the irradiated population
from Belarus and the non radiation exposed population of children from England and
Wales were observed in the proportion of papillary carcinomas positive for ret, met or
p53. The Belarus cases were younger than the England and Wales cases, but show an
increasing peak and mean age with time since the Chernobyl accident. The increase
in childhood thyroid carcinoma in Belarus is confined to papillary carcinoma, and
when compared with the England and Wales series there is a relatively greater
frequency of the solid/follicular subtype, which is particularly marked in the older age
group in Belarus. This suggests that development of this morphological subtype may
be related to the causative aetiological agent.

The increase in the peak age of children with thyroid carcinoma with time
suggests that the increase is related to the Chernobyl accident, and that the
aetiological agent does not persist in the environment. These findings provide strong
evidence that exposure to radioisotopes are the cause of the considerable increase in
thyroid carcinoma in children from Belarus post Chernobyl.
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Legends to photomicrographs

Figure 2:
2A: Section from a solid/follicular papillary carcinoma in a female of 8. Intercellular variability of
thyroglobulin mRNA expression is seen on in situ hybridisation.

2B: Semi serial section to2A showing similar intercellular variability of thyroglobulin protein expression
on jmmunocytochemistry.

Figure 3:
Section from a solid/follicular papillary carcinoma from a male ol' 13. Dot like positively for ret protein is
observed iu tumour cells on iinmunocytocheuiistry.
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