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BACKGROUND: Recent studies of children and adolescents who were exposed to radioactive iodine-131 (I-131) after the 1986 Cher-

nobyl nuclear accident in Ukraine exhibited a significant dose-related increase in the risk of thyroid cancer, but the association of radi-

ation doses with tumor histologic and morphologic features is not clear. METHODS: A cohort of 11,664 individuals in Belarus who

were aged �18 years at the time of the accident underwent 3 cycles of thyroid screening during 1997 to 2008. I-131 thyroid doses

were estimated from individual thyroid activity measurements taken within 2 months after the accident and from dosimetric ques-

tionnaire data. Demographic, clinical, and tumor pathologic characteristics of the patients with thyroid cancer were analyzed using 1-

way analysis of variance, chi-square tests or Fisher exact tests, and logistic regression. RESULTS: In total, 158 thyroid cancers were

identified as a result of screening. The majority of patients had T1a and T1b tumors (93.7%), with many positive regional lymph nodes

(N1; 60.6%) but few distant metastases (M1; <1%). Higher I-131 doses were associated with higher frequency of solid and diffuse scle-

rosing variants of thyroid cancer (P<.01) and histologic features of cancer aggressiveness, such as lymphatic vessel invasion, intra-

thyroidal infiltration, and multifocality (all P< .03). Latency was not correlated with radiation dose. Fifty-two patients with self-

reported thyroid cancers which were diagnosed before 1997 were younger at the time of the accident and had a higher percentage

of solid variant cancers compared with patients who had screening-detected thyroid cancers (all P<.0001). CONCLUSIONS: I-131 thy-

roid radiation doses were associated with a significantly greater frequency of solid and diffuse sclerosing variants of thyroid cancer

and various features of tumor aggressiveness. Cancer 2015;121:457-66. VC 2014 American Cancer Society.
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INTRODUCTION
The Chernobyl nuclear power plant accident in Ukraine on April 26, 1986 released large amounts of radiation, in particu-
lar radioactive iodines, into the atmosphere.1 Children and adolescents living in the contaminated areas in Ukraine and
Belarus were exposed to substantial doses of radiation to the thyroid gland from the ingestion of iodine-131 (I-131).1 At
the time, convincing evidence existed of an association between exposure to external x-ray and c-radiation in childhood
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and adolescence and an increased risk of thyroid cancer.2

However, risks from internally deposited radioactive
iodines were not well understood.

Previous studies of mostly adult patients who were
exposed to I-131 from diagnostic and therapeutic proce-
dures had largely negative findings.3,4 From 4 to 5 years
after the accident,5 ecologic6,7 and then analytic epidemi-
ological studies8,9 reported increased risks of thyroid can-
cer among those living in Chernobyl-contaminated areas.
It was not clear, however, whether the observed increases
were caused by radiation doses or by intensive and wide-
spread screening for thyroid abnormalities.10 These post-
Chernobyl thyroid cancers were characterized by a pre-
dominance of papillary carcinomas (93%-98% of all
post-Chernobyl cases11,12 compared with 60%-70% in
other studies of childhood thyroid cancer13,14). The prev-
alence of solid morphology15; high rates of extrathyroidal
spread, lymph node involvement,16 and distant metasta-
ses; and changes in histology with time and increasing la-
tency10 were noted in many early publications. However,
it was unknown whether the observed unusual features
were because of exposures to Chernobyl-related radiation
or to endemic iodine deficiency.17

We conducted 2 cohort studies of children and
adolescents who lived in territories contaminated by the
Chernobyl fallout in Ukraine and Belarus and were sys-
tematically screened irrespective of radiation dose.18 The
radiation risks of thyroid cancer were increased signifi-
cantly in both cohorts.19,20 Our group previously ana-
lyzed the clinical and pathomorphologic features of
tumors in 45 patients with screening-detected thyroid
cancer from Ukraine.21 Those patients had a high pro-
portion of cancers with solid structure and intrathyroidal
infiltration. However, we did not analyze the correlation
between tumor characteristics and radiation dose to the
thyroid. Here, we report our findings on the correlation
of I-131 thyroid dose and pathomorphologic features in
158 patients who had thyroid cancer detected during 3
sequential screenings in a parallel cohort from Belarus.18

To compare clinical and pathologic features of screening-
detected cancers with cancers identified during routine
medical care, we also analyzed 52 cases in this cohort
who were diagnosed before the initiation of standardized
screening in 1997.

MATERIALS AND METHODS

Study Population

A detailed description of the Belarus-American (BelAm)
study population and methods has been published previ-
ously.18,19 In brief, the cohort includes 11,664 individuals

who were aged �18 years at the time of the Chernobyl
accident on April 26, 1986. All study participants had
thyroid radioactivity measurements taken in Belarus
within 2 months after the accident and were screened for
the first time during 1997 to 2000.19 The cohort was
screened 2 more times during 2002 to 2004 and 2004 to
2006, and final follow-up was extended to the end of Sep-
tember 2008 to account for patients who were referred for
additional biopsies and surgeries.

The study was approved by institutional review
boards in Belarus and the United States. Informed con-
sent was provided by the study participants or by accom-
panying guardians for minors.

Screening Procedures

The details of the screening are presented in Figure 1. The
majority of study participants resided in Minsk and
Gomel oblasts (an oblast is an administrative subdivision
similar in size to a state or province) and were screened at
study centers in the cities of Minsk and Gomel or at local
medical clinics by visiting mobile screening teams. Thy-
roid screening consisted of ultrasound examination and
palpation by a sonographer and a clinical examination
with independent palpation by an endocrinologist.18 Any
discrepancies were resolved by a third examination con-
ducted jointly by both physicians. At the time of screen-
ing, participants were administered questionnaires to
ascertain demographic, residential, dietary, and medical
history. Individual estimates of I-131 dose to the thyroid
were assigned to each participant based on their thyroid
radioactivity measurement taken in 1986, the interview
data on factors contributing to dose (residential locations,
diet), and radioecologic models of the environmental
transfer of I-131.22

Patients who had 1) thyroid nodules detected either
on palpation or sonogram that measured >10 mm in
greatest dimension and 2) nodules that measured between
5 and 10 mm and were sonographically suspicious for
malignancy (hypoechoic, indistinct borders, calcified
inclusions, extension through the thyroid capsule, or sus-
picious lymph nodes) or diffusely abnormal thyroid tissue
accompanied by unexplained cervical lymphadenopathy
were referred to study centers for further evaluation and
ultrasound-guided fine-needle aspiration biopsy (FNAB).
Patients were further referred for surgery if cytology was
diagnostic or suspicious for malignancy in either a nodule
or a lymph node or for a follicular neoplasm in a nodule.

When the intraoperative frozen-section diagnosis
was carcinoma, the patient underwent a total or near total
thyroidectomy, which was followed by the usual standard
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of care. When the frozen-section diagnosis was follicular
neoplasm, the patient underwent a hemithyroidectomy,
which was followed by a completion thyroidectomy when
indicated. All specimens were fixed in 10% neutral
buffered formalin and embedded in serial 3-mm to
4 mm paraffin blocks; 4-mm-thick sections were stained
with hematoxylin and eosin for histologic examination.
Pathologic specimens from all patients were reviewed
and thyroid cancer diagnoses were confirmed by the
International Pathology Panels (IPP), which were estab-
lished initially in the framework of the Chernobyl Tissue
Bank23 and later were convened specifically for this
study. Panel members were unaware of the patients’ thy-
roid radiation doses.

Cancers were staged according to the TNM Classifi-
cation of Malignant Tumors (fifth edition), and staging
was converted later to the sixth edition classification.24

Papillary thyroid cancers (PTCs) were subdivided into
several different variants, depending on the dominant
structural component: papillary, follicular, or solid when
>80% of the surface of the slides had the corresponding
structure.25 Similar to several recent publications by
members of the IPP,21,26 we classified PTCs as mixed
when they were composed of a combination of 2 patterns

(papillary-follicular, papillary-solid, or solid-follicular) at
a ratio of 50%:50%, 50%:40%, or 60%:30%, respec-
tively, allowing for a third pattern in<10% of the tumor.
Screening-detected thyroid cancers were further subdi-
vided into prevalent cancers (cancers surgically removed
within 3 years of initial screening and located within the
same area of the thyroid gland where thyroid pathology
was identified during initial screening) and incident can-
cers (all others) (Fig. 1).

Prescreening Cancers

Prescreening thyroid cancers were defined as cancers that
were diagnosed after the accident and were reported by
patients in the cohort at their initial screening in 1997.
The route to diagnosis for the prescreening cancers was pri-
marily through an ultrasound-detected or palpation-
detected thyroid nodule during routine medical care or
through 1 of the screening programs instituted in Belarus
by national or international organizations. Pathology re-
ports for self-reported cancers were retrieved from the med-
ical records and reviewed by the IPP, as described above.

Statistical Analysis

We examined means and distributions of demographic,
clinical, and pathologic characteristics across 3 groups of

Figure 1. This Consolidated Standards of Reporting Trials (CONSORT) diagram illustrates the flow of Belarus-American study par-
ticipants through each stage of systematic screening. FA, follicular adenoma; FNAB, fine-needle aspiration biopsy; IPP, Interna-
tional Pathology Panels; TC indicates thyroid cancer; WDTUMP, well differentiated tumors of uncertain malignant potential.
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thyroid cancers diagnosed in the BelAm cohort (screen-
ing-detected prevalent and incident cases and prescreen-
ing cases) and tested for statistically significant
associations using 1-way analysis of variance for continu-
ous variables and chi-square tests or Fisher exact tests for
categorical variables. Thyroid radiation dose was log-
normally distributed. Therefore, all further univariate
tests were done using a Wilcoxon-Mann-Whitney test.
Correlations of thyroid radiation dose with other contin-
uously distributed variables were evaluated using the
Spearman rank correlation test.

Adjusted unconditional logistic regression models
were used to compute odds ratios (ORs) and 95% confi-
dence intervals (CIs) for the associations of radiation
doses with various tumor properties. For screening-
detected cancers, latency was defined as the time from ex-
posure to surgery.

All statistical tests were 2-sided and were considered
statistically significant for P< .05. Statistical analyses
were conducted using SAS software (SAS Institute Inc.,
Cary, NC).27

RESULTS

Screening-Detected and Prescreening Thyroid
Cancers

Over the 3 cycles of screening in 11,664 individuals,
2130 FNABs were completed in 1092 individuals (of
2246 referrals; 94.8%) (Fig. 1). After FNAB, 343
patients were referred for surgery, and 269 (78.4%)
complied. In total, the expert IPP reviewed surgical
specimens and agreed on the diagnoses of thyroid can-
cer for 158 patients (157 papillary and 1 follicular), fol-
licular adenoma for 57 patients and nodular or
adenomatous goiter for 49 patients. The IPP was not
able to classify 5 cases as definitely benign or malignant
and labeled them as well differentiated tumors of uncer-
tain malignant potential.26 Patients with these results
were not included in subsequent analyses.

The IPP used pathology reports extracted from med-
ical records to confirm thyroid cancer diagnoses for 52 (all
papillary type) of 56 thyroid cancers reported during
interview at the initial screening. The pathology report
was missing for 1 patient, and diagnoses were not con-
firmed for 3 patients with self-reported cancers.

Demographic and Clinical Characteristics of
Patients With Thyroid Cancer

The demographic characteristics of the total screened
study population (n 5 11,664) were published previ-
ously.19 In brief, men and women were equally repre-

sented in the cohort, approximately 70% were screened
after age 18 years, and approximately 2% each had a his-
tory of diffuse or nodular goiter before screening. At the
time of first screening in 1997 to 2000, the majority of
study participants (65%) had urinary iodine concentra-
tions <100 mg/L, which has been defined by the World
Health Organization as iodine deficiency.28

Compared with the patients who had prevalent and
incident screening-detected cancers (n 5 158), the
patients who had prescreening cancers (n 5 52) were sig-
nificantly younger at the time of the accident (P< .01),
significantly younger at the time of surgery (P< .0001),
and significantly more likely to have lived in rural areas at
the time of the accident (P 5 .02) (Table 1). Patients with
prescreening cancers were significantly more likely to have
a more advanced tumor stage at histology (71% had�T3
tumors), whereas the majority (94%) of patients who had
screening-detected cancers had tumors in less advanced
stages (T1a and T1b; P< .0001) (Table 1). There were
no differences between patients with prescreening and
screening-detected cancers or between patients with prev-
alent and incident cancers in the stage of regional lymph
node or distant metastases.

Histopathologic Features of Thyroid Cancer
Cases

Although screening and prescreening patients overall
had a similar proportion of tumors measuring >10 mm
at pathology (P 5 .92) (Table 2), prevalent tumors were
significantly more likely to measure >10 mm compared
with incident tumors (P 5 .04). Prescreening cancers
were more likely to be multifocal compared with cancers
that were detected during serial screenings of the cohort
(P 5 .06). At the same time, compared with prescreening
cancers, screening-detected cancers more frequently had
noncancer thyroid nodular pathology, such as hyperplas-
tic nodules, follicular adenomas, and adenomatous goi-
ter, diagnosed along with cancer (P< .01); had a
significantly higher proportion of the solid histopatho-
logic variant of PTC; and were less likely to be a papillary
variant (P< .0001). There were no patients with the
classic papillary variant among the prescreening cancers,
but histopathologic features were unknown for about
31% of cancers. Patients with prescreening cancers also
were significantly more likely to have thyroid capsule
invasion and extrathyroidal spread than patients with
screening-detected cancers (both P< .0001). However,
there was no significant difference in intrathyroidal infil-
tration between prescreening and screening cancers
(P 5 .13).
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Association of Histopathologic Features of
Screening-Detected Thyroid Cancers With
Thyroid Radiation Dose

The distribution of thyroid cancers by individual thyroid

doses is presented in Figure 2. Overall, in analyses that

were adjusted for age at exposure, thyroid I-131 doses in

prescreening cancers were similar to the doses in

screening-detected cancers (P 5 .61; data not shown).

The median thyroid dose for screening-detected cancers

was 529 mGy (mean, 1296 mGy; range, 1-17,472 mGy;

data not shown).

Table 3 indicates that the frequency of lymphatic
invasion (P 5 .03) and intrathyroidal infiltration
(P 5 .02) increased significantly with increasing radia-
tion doses among screening-detected cancers; however,
other invasive properties of thyroid cancer, such as the
presence of tumor capsule and vascular invasion, thy-
roid capsule invasion, and extrathyroidal spread, were
not associated with radiation dose. Patients in the high-
est dose category of �950 mGy were almost 5 times
more likely to have more than 1 distinct cancer at pa-
thology compared with patients who had received doses

TABLE 1. Demographic and Clinical Characteristics of Patients With Thyroid Cancer

Screening-Detected
Cases Pa

Characteristic Prescreening Cases Prevalent Incident
Prescreening vs

Screening
Prevalent vs

Incident

Total no. (%) 52 (100) 87 (100) 71 (100)

Age at time of the accident, years

Mean 6 SD 5.4 6 3.7 8.7 6 5.4 6.4 6 5.11

<7 38 (73.1) 35 (40.2) 41 (57.8) <.01 .07

7-12 12 (23.1) 29 (33.3) 19 (26.8)

13-18 2 (3.8) 23 (26.5) 11 (15.4)

Age at surgery, years

Mean 6 SD 15.0 6 4.4 23.0 6 5.9 24.4 6 6.1

<15 27 (51.9) 9 (10.3) 3 (4.2) <.0001 .18

15-19 17 (32.7) 21 (24.1) 14 (19.7)

20-24 8 (15.4) 19 (21.8) 25 (35.2)

25-38 0 (0) 38 (43.7) 29 (40.9)

Sex .42 .17

Male 28 (53.8) 37 (42.5) 38 (53.5)

Female 24 (46.2) 50 (57.5) 33 (46.5)

Place of residence at time of the accident .02 .21

Urban 16 (30.8) 39 (44.8) 39 (54.9)

Rural 36 (69.8) 48 (55.2) 32 (45.1)

Oblast of residence at time of the accident .28 .15

Gomel oblast 46 (88.5) 78 (89.7) 62 (87.3)

Minsk city/oblast 6 (11.5) 4 (4.6) 8 (11.3)

Other 0 (0) 5 (5.7) 1 (1.4)

Family history of thyroid cancer 0.26 0.99

Yes 2 (4.0) 1 (1.2) 1 (1.4)

No 50 (96.0) 86 (98.8) 70 (98.6)

Tumor classification <.0001 .28

T1a: �10 mm 11 (21.2) 53 (60.9) 52 (73.2)

T1b: 11-20 mm 4 (7.7) 28 (32.2) 15 (21.1)

T2 0 (0) 5 (5.8) 4 (5.6)

T3 35 (67.3) 1 (1.1) 0 (0)

T4a 2 (3.8) 0 (0) 0 (0)

T4b 0 (0) 0 (0) 0 (0)

Metastases to regional lymph nodes .06 .25

N0 13 (25.0) 30 (34.5) 31 (43.7)

N1 39 (75.0) 55 (63.2) 39 (54.9)

Unknown 0 (0) 2 (2.3) 1 (1.4)

Distant metastases .43 .45

M0 50 (92.3) 87 (100) 70 (98.6)

M1 1 (5.8) 0 (0) 1 (1.4)

Unknown 1 (1.9) 0 (0) 0 (0)

Abbreviations: SD, standard deviation.
a P values were calculated using 1-way analyses of variance for continuous variables and chi-square test or Fisher exact tests of heterogeneity for categorical

variables.
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<200 mGy (relative risk, 4.86; 95% CI, 1.30-18.1;
P 5 .02) (Table 3). In addition, patients who had
received higher doses were significantly more likely to
be diagnosed with a solid or diffuse sclerosing variant of
PTC than with any of the other variants combined
(P< .01). Thyroid cancers that were associated with
high radiation doses were more likely to have other
nodular pathology, although the association was not
significant (P 5 .44).

Nine patients with screening-detected thyroid can-
cers had tumors that could be classified as occult (5 were
referred for surgery because of suspicion for follicular ade-
noma, and 4 were detected in 1 of many suspicious nod-
ules). Results from the analyses with and without these
patients generally were similar.

Associations With Other Factors

Urinary iodine concentrations during baseline screening
were not associated with tumor size or aggressiveness of
incident thyroid cancers (all P> .10; data not shown).
The mean 6 standard deviation (SD) latency period for
screening-detected, prevalent and incident cancers was
14.2 6 1.4 years and 18.1 6 2.4 years, respectively (results
not shown). Latency was not correlated with thyroid dose
(Spearman r, 20.12; P 5 .15; results not shown).

DISCUSSION
In a large, prospective cohort study of children and adoles-
cents from Belarus who were exposed to I-131 after the
Chernobyl accident, we observed that, among 158 patients
who had screening-detected thyroid cancers, higher radiation

TABLE 2. Histopathologic Features of Thyroid Cancer Cases.

Screening-Detected
Cases Pa

Feature Prescreening Cases Prevalent Incident Prescreening vs Screening Prevalent vs Incident

Total no. (%) 52 (100) 87 (100) 71 (100)

Tumor size at pathology, mm .92 .04

�10 31 (59.6) 45 (51.7) 48 (67.6)

11-47 21 (40.4) 42 (48.3) 23 (32.4)

Multifocalityb .06 .54

No 35 (67.3) 72 (82.8) 56 (78.9)

Yes 16 (30.8) 15 (17.2) 15 (21.1)

Unknown 1 (1.9) 0 (0)

TC with other nodular pathologyc <.01 .75

No 49 (94.2) 63 (72.4) 53 (74.6)

Yes 3 (5.8) 24 (27.6) 18 (25.4)

Histopathologic variant of PTCd <.0001 .72

Follicular 10 (19.2) 21 (24.4) 20 (28.2)

Papillary 0 (0) 23 (26.7) 23 (32.4)

F-P mixede 4 (7.7) 17 (19.8) 11 (15.5)

Solidf 18 (34.6) 24 (27.9) 17 (23.9)

Diffuse sclerosing 4 (7.7) 1 (1.2) 0 (0)

Unknown 16 (30.8) 0 (0) 0 (0)

Intrathyroidal infiltration .13 .48

No 22 (42.3) 25 (28.7) 24 (33.8)

Yes 29 (55.8) 61 (70.1) 46 (64.8)

Unknown 1 (1.9) 1 (1.2) 1 (1.4)

Thyroid capsule invasion <.0001 .84

No 16 (30.8) 76 (87.4) 62 (87.3)

Yes 36 (69.2) 10 (11.5) 9 (12.7)

Unknown 0 (0) 1 (1.1) 0 (0)

Extrathyroidal spread <.0001 .81

No 40 (76.9) 83 (95.4) 68 (95.8)

Yes 12 (23.1) 3 (3.5) 3 (4.2)

Unknown 0 (0) 1 (1.1) 0 (0)

Abbreviations: F-P, follicular-papillary; PTC, papillary thyroid cancer; TC, thyroid cancer.
a P values were calculated using chi-square tests or Fisher exact tests of heterogeneity for categorical variables.
b These were patients who had TC with more than 1 carcinoma at pathology.
c These were patients who had TC with 1 or more thyroid follicular adenoma, nodular goiter, or adenomatous goiter.
d One patient with prevalent TC was identified with the follicular subtype; all other patients in the prescreening and screening populations had the papillary

subtype.
e These include follicular-papillary and papillary-follicular histopathologic variants.
f These include solid variants and any mixed variants with solid component.
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doses were associated with a significantly higher frequency of
solid variant PTC and with several histopathologic features
of tumor aggressiveness, such as lymphatic invasion and
intrathyroidal tissue invasion. Individuals who were exposed
at the highest dose level were 5 times more likely to have can-
cer multifocality. Compared with patients who had
screening-detected cancers, 52 patients who had prescreening
cancers were significantly younger at the time of the accident
and had more advanced cancer at the time of diagnosis.
Patients with prescreening cancers were significantly more
likely than those with screening-detected cancers to have thy-
roid capsule invasion and extrathyroidal spread, although
they were less likely to have concurrent noncancer thyroid
pathology such as hyperplastic thyroid nodules, follicular
adenomas, or adenomatous goiter.

To our knowledge, this is the first study to system-
atically evaluate the association between thyroid cancer
pathology detected using similar screening methods and
individual I-131 thyroid doses. Although larger series of
patients with post-Chernobyl thyroid cancers have been
published recently,12,26 those series lacked individual
thyroid doses, and the diagnoses were made during rou-
tine medical care, not by means of standardized detection
procedures.

The Belarusian cohort analyzed here is 1 of 2
screening cohorts that were established in the mid-1990s
to follow children and adolescents who lived on territo-
ries contaminated by Chernobyl fallout in Ukraine and
Belarus and had thyroid radioactivity measurements

taken within 2 months after the accident.18 The Belaru-
sian cohort is comparable to the Ukrainian cohort in size
(11,664 and 13,243 individuals, respectively), age at ex-
posure, and sex distribution.19,20 Thyroid I-131 radia-
tion doses in the BelAm cohort were significantly lower
than in the Ukrainian American cohort (mean 6 SD:
560 6 1180 mGy19 and 643 6 1663 mGy,29 respec-
tively; P< .0001). However, thyroid radiation doses
were comparable for patients with prevalent thyroid can-
cers in both cohorts (mean 6 SD, 1083 6 1660 mGy19

and 1721 6 2455 mGy,29 Belarus and Ukraine, respec-
tively; P 5 .09). The number of self-reported thyroid
cancers diagnosed before initial screening was much
higher in Belarus (56 vs 14 self-reported cancers in
Ukraine) and included more tumors measuring �10 mm
in greatest dimension (59.6% vs 0% in Ukraine). The
number of thyroid cancers identified during the first
round of screening also was much higher in Belarus (87
vs 45 in Ukraine). Patients with screening-detected prev-
alent cancers in Ukraine21 tended to have larger tumors
at pathology (76.7% had tumors >10 mm vs 48.3% in
Belarus) and tended to be diagnosed at a later tumor
stage (44.2% had T4 tumors vs 0% in the current study).
Although the patients who had thyroid cancers detected
during initial screening in Ukraine and Belarus had simi-
lar proportions of cancers with solid structure (34.9% vs
27.9%, respectively) and intrathyroidal infiltration
(72.1% vs 70.1%, respectively), extrathyroidal spread
was significantly greater among the patients diagnosed in

Figure 2. Thyroid doses of radioactive iodine-131 are compared for prescreening, prevalent, and incident thyroid cancer cases in
the Belarus-American cohort. mGy indicates milligrays.

Thyroid Cancer Pathology Post-Chernobyl/Zablotska et al

Cancer February 1, 2015 463



the Ukrainian cohort (46.5% vs 3.5%). The larger num-
ber of prescreening cancers in Belarus and the smaller size
and earlier stage of the prevalent cancers may reflect the
widespread screenings that took place before the initiation
of our screening study, but the earlier screenings do not
seem to explain the larger number of prevalent cancers in
Belarus. This suggests that some factors other than screen-
ing may have played a role in the observed differences in
thyroid cancer pathology between the 2 cohorts.

In terms of tumor classification at presentation and
the number of regional and distant metastases, our results
are similar to those from a large consecutive series of 738
thyroid cancers among children aged <15 years from
Belarus30 (T1, 72.6%; N0, 30.4%; M0, 97.6%).
Although the majority of patients in that series had a his-
tory of residing in areas contaminated by the Chernobyl
accident, individual doses to the thyroid gland were not
available, and some patients were diagnosed shortly before
the accident or were born after the accident.

Similar to our findings, a large series of 2658 thyroid
cancers from Ukraine12 reported a high percentage of
PTCs (>90%) and increasing proportions (approxi-
mately 20%) of small cancers over time. In contrast to our
findings, Bogdanova et al12 did not observe any associa-
tion between radiation exposure status based on patient
age and place of residence at the time of the accident and
tumor characteristics of PTCs in age-matched groups of
patients who were born before and after the Chernobyl
accident. In our analyses, which were adjusted for age and
sex, we observed significant associations between several
characteristics of tumor aggressiveness and individual I-
131 radiation doses.

Our findings related to radiation doses also stand in
contrast to other recent analyses of morphologic charac-
teristics and aggressiveness of post-Chernobyl childhood
thyroid cancers.17,31 Williams et al reported differences in
differentiation and invasiveness of thyroid cancers diag-
nosed in children from Belarus, Ukraine, and the Russian
Federation compared with childhood thyroid cancers
diagnosed in England, Wales, and Japan, suggesting that
they could be caused not by radiation exposure but by dif-
fering levels of iodine deficiency, which can increase inci-
dence, reduce latency, and influence tumor morphology
and aggressiveness.17 However, their study did not mea-
sure either individual thyroid doses or iodine concentra-
tions. Although we did not have urinary iodine
measurements at the time of the accident, urinary iodine
levels during baseline screening revealed no association
with morphologic characteristics of incident thyroid
cancers.

In other large series of thyroid cancers among indi-
viduals without known exposure to radiation from
Greece,32 the Mallinckrodt Institute of Radiology in the
United States (St. Louis, Mo),33 and pooled US34 and
Japanese35 data, a higher proportion of follicular thyroid
cancers (9%,32 5%,33 and 10%34 vs 1%), multifocality
(48%32 and 57%33 vs 19%), and family history of thyroid
cancer (10%34 and 9%35 vs 2%) have been reported com-
pared with our study.

The histologic pattern of thyroid cancers in our
cohort appeared to change over time, with a gradual
reduction observed in the solid variant of PTC, similar to
other studies of Chernobyl-associated thyroid cancers26,31

and reflective of shorter latency for this variant compared

TABLE 3. Histopathologic Features of Screen-Detected Thyroid Cancers (N 5 158) by Categories of Thyroid
Radiation Dose

ORa (95% CI)

Feature <200 mGy 200-949 mGy 950-17,472 mGy Pb

Tumor size at pathology: �10 mm vs 11-47 mm 1.00 0.90 (0.38-2.15) 1.06 (0.41-2.72) .77

Presence of tumor capsule: No vs Yes 1.00 0.50 (0.19-1.28) 0.70 (0.24-2.10) .96

Lymphatic invasion: Yes vs No 1.00 1.04 (0.44-2.43) 2.65 (0.96-7.36) .03

Blood vessel invasion: Yes vs No 1.00 1.76 (0.43-7.20) 1.53 (0.32-7.24) .88

Intrathyroidal infiltration: Yes vs No 1.00 1.23 (0.53-2.86) 2.96 (1.09-8.03) .02

Thyroid capsule invasion: Yes vs No 1.00 1.63 (0.39-6.79) 2.10 (0.46-9.50) .43

Extrathyroidal spread: Yes vs No 1.00 0.44 (0.06-3.56) 0.35 (0.04-3.17) .52

Multifocality: Yes vs Noc 1.00 2.24 (0.64-7.79) 4.86 (1.30-18.1) .02

TC with other nodular pathology: Yes vs Nod 1.00 1.28 (0.48-3.39) 1.57 (0.56-4.41) .44

Histopathologic variant of PTC: Solid and diffuse sclerosing vs Other 1.00 0.64 (0.23-1.75) 2.75 (0.99-7.65) <.01

Abbreviations: CI, confidence interval; mGy, milligrays; OR, odds ratio; PTC, papillary thyroid cancer; TC, thyroid cancer.
a Logistic regression models were adjusted for age at the time of surgery and sex.
b P values were calculated using the test of linear trend.
c These were patients who had more than 1 carcinoma at pathology.
d These were patients who had 1 or more thyroid follicular adenoma, nodular goiter, or adenomatous goiter.
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with the typical follicular or papillary variants. In our cur-
rent study, this reduction in the proportion of solid vari-
ant from prescreening to screening cancers was
accompanied by a reduction in aggressive biologic behav-
ior, as expected. In particular, there were significantly
lower rates of thyroid capsule invasion and extrathyroidal
spread in the patients who had screening-detected cancers
compared with those who had prescreening cancers. It is
possible that the apparent change in histopathologic vari-
ant observed over time may have been caused by differen-
ces in nodule conspicuity, in which a relatively more
aggressive solid variant of papillary type carcinoma is
more conspicuous than other variants and is more likely
to be diagnosed earlier.36

Our study has some notable strengths. These include
systematic screening according to a strict protocol; referral
to FNAB and surgery according to well defined, standar-
dized criteria; a high rate of compliance for FNAB
(94.8%) and surgery (78.4%); a short interval between
FNAB and surgery (average, 4 months); and independent
review and confirmation of all histopathologic specimens
by international panels of experts.

This study also has some limitations. Approximately
20% of those who were referred to surgery after an FNAB
did not comply. However, study participants were not
aware of their I-131 thyroid doses, and follow-up and
referrals were done without regard to thyroid dose.
Among the patients with prescreening cancers, dose-
dependent participation cannot be excluded. However,
those with prescreening cancers were diagnosed at more
advanced tumor stages and had a somewhat higher pro-
portion of regional—but not distant—metastases, argu-
ing against dose-related self-selection. Furthermore, all
statistical analyses were adjusted for other potential risk
factors, such as age at the time of surgery and sex, to elimi-
nate possible effects of differential selection.

In summary, the systematic screening of a cohort
of 11,664 individuals who were exposed to I-131 after
the Chernobyl accident in Belarus identified a large
number of thyroid cancers. We observed that higher
radiation doses to the thyroid gland were associated
with solid and diffuse sclerosing variants of PTCs, with
more biologically aggressive cancers, and with a higher
probability of multifocal cancers and multiple nodular
pathology. The biologic explanation for these radiation
dose-dependent findings should be pursued in genetic/
molecular studies. Study findings provide important
evidence about the clinical follow-up of patients who
have been exposed to environmental radiation doses of
I-131.
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