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ABSTRACT

The Great East Japan Earthquake on March 11, 2011, and the subsequent tsunami caused an accident at the Fukushima Daiichi
Nuclear Power Plant, in which extensive damage to the nuclear power reactors resulted in massive radioactive contamination.
Fukushima Prefecture implemented the Thyroid Ultrasound Examination (TUE) program as part of the Fukushima Health
Management Survey project in response to residents’ anxieties about health risks due to radiation exposure for residents aged 0—18
years at the time of the nuclear accident. This program consisted of the primary examination and the confirmatory examination. In
the primary examination, thyroid nodules and cysts were examined using portable ultrasound apparatuses. The confirmatory
examination was performed to have clinical or cytological diagnosis. As of June 30, 2021, 116, 71, 31, 36, and 9 examinees in the
first, second, third, and fourth round of surveys, and the survey at age 25 years, respectively, were determined to have nodules
cytologically diagnosed as malignant or suspicious for malignancy. The confirmatory examination of the fourth-round survey and
the primary and confirmatory examination of fifth-round survey are currently in progress. Together with the low thyroid absorbed
radiation dose estimated in the United Nations Scientific Committee on the Effects of Atomic Radiation 2020 report, our results
suggested that the increased incidence of childhood thyroid cancer in Fukushima Prefecture was not caused by radiation exposure,
but rather by the highly sensitive detection method. As detailed in this review, there were ongoing challenges in our program, such
as actions against the risk of overdiagnosis and psychological support for participants and their families.
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INTRODUCTION

The Great East Japan Earthquake that occurred in 2011 caused a
melt-through of the reactors at the Fukushima Daiichi Nuclear
Power Plant, which are located on the Pacific coast of Fukushima
Prefecture. In the nuclear accident at Chernobyl that occurred in
1986, there was internal exposure to radioactive iodine that
induced thyroid cancer, especially in residents who were children
at the time of accident.! Therefore, there was concern about the
health hazards due to radiation exposure from the radioactive
materials released in Fukushima.?

Exposure of the thyroid gland to radiation causes thyroid
cancer; however, the pathological or molecular biological dif-

ferences between cancer caused by radiation and other cancer
types are not definitively defined. Therefore, epidemiological
analysis is considered to be the most effective method for
assessing the effects of radiation on the risk of developing thyroid
cancer. Before the earthquake, however, there was insufficient
data on thyroid cancer in the pediatric population. Since there was
a latent period of 4 to 5 years for the rapid increase in thyroid
cancer in Chernobyl,> commencing medical examinations
immediately after the earthquake in Fukushima provided data
for use as the basis for comparison.”* It was expected that the
number of people who wished to undergo ultrasound examina-
tions in Fukushima Prefecture would increase due to radiation
anxiety, even if thyroid examinations were not performed.
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Therefore, it was important to carry out proper medical examina-
tions. The Fukushima Prefectural Assembly also unanimously
resolved to carry out thyroid examinations.

To monitor and support the health of Fukushima residents over
a long-term period, the Fukushima Prefecture government
initiated the Fukushima Health Management Survey.>*> As one
of these detailed surveys, the Thyroid Ultrasound Examination
(TUE) program was planned. The diagnostic criteria and protocol
were introduced and evaluated under an external committee of
thyroid specialists in cooperation with associated academic
societies.* The criteria for the TUE program were developed
based on the ultrasound diagnostic criteria for thyroid nodules
published by the Japan Society of Ultrasonics in Medicine® and
the guideline for the implementation of fine needle aspiration
cytology (FNAC) by the Japan Association of Breast and Thyroid
Sonology (JABTS),” both of which were developed prior to the
disaster, in response to the need for precision management, and
the countermeasures against overdiagnosis of low-risk thyroid
cancer (eMaterial 1). After approval by the Prefectural Oversight
Committee, the TUE program commenced in October 2011 for all
residents aged 18 years or younger at the time of the earthquake
who lived in Fukushima Prefecture.

METHODS

Program structure

The first-round survey, the Preliminary Baseline Survey, started
on October 9, 2011, approximately 7 months after the accident,
and most of the surveys were conducted until fiscal year (FY)
2013 (Figure 1).® This survey had the characteristics of a
prevalence survey and was conducted during the period when
radiation-induced thyroid cancer was not expected to occur based
on the studies on the Chernobyl nuclear accident; the study was
estimated to clarify the prevalence of baseline thyroid cancer in
Fukushima Prefecture and to contribute to future analyses
(Table 1). After the first-round survey, a Full-scale Survey
(FSS) with the characteristics of an incidence survey has been
conducted at 2-year intervals. The Ist FSS, 2nd FSS, and 3rd
FSS, which were second-, third-, and fourth-round surveys, were
conducted from FY2014 to FY2015, FY2016 to FY2017, and
FY2018 to FY2019, respectively (Figure 1). During this period,
the results of the third-round survey have been concluded and
the fifth-round survey is currently underway. Examination for
subjects over 20 years of age are conducted every 5 years, and the
survey for subjects aged 25 years has been conducted in parallel
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Figure 1. Progress of the Thyroid Ultrasound Examination program. FSS, Full-scale Survey.

Table 1. Structure of the TUE program

Round of survey Survey category

Implementation period

Coverage

First round
of a prevalence survey to clarify the prevalence of
baseline thyroid cancer in the Fukushima Prefecture)

Second round

Full-scale Survey (conducted at 2-year intervals, with the From April 2014 through

Preliminary Baseline Survey (having the characteristics From October 2011 through Residents who were born between April 2, 1992 and
March 2014

April 1, 2011

Residents who were born between April 2, 1992 and

characteristics of an incidence survey) March 2016 April 1, 2012
Third round Full-scale Survey with Survey for residents aged 25 From May 2016 through Residents who were born between April 2, 1994 and
years (conducted with 5-years interval) March 2018 April 1, 2012 and born between April 2, 1992 and April

Fourth round Full-scale Survey with Survey for residents aged 25

From April 2018 through
years March 2020

1, 1993

Residents who were born between April 2, 1996 and
April 1, 2012 and born between April 2, 1993 and April
1, 1995
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with the biennial examinations since FY2017 (Figure 1 and
Table 1). This program was approved by the Ethics Review
Committee of Fukushima Medical University (No. 1318). In the
following sections, each survey is denoted by rounds of surveys
beginning with the first-round survey.

Subjects

The subjects of the first-round survey consisted of 367,637
residents aged O to 18 years at the time of the accident and who
were born between April 2, 1992 and April 1, 2011 (Table 1).8
Furthermore, in the FSS after April 2014, in addition to the
subjects of the first-round survey, Fukushima residents born
between April 2, 2011, and April 1, 2012, were targeted. In the
second-round survey conducted between the FY2014 and
FY2015, 381,244 people were targeted. The third-round survey
targeted 336,670 people born between April 2, 1994 and April 1,
2012. The survey for residents aged 25 years was conducted with
22,653 Fukushima residents born between April 2, 1992, and
April 1, 1993, in the third-round survey. The fourth-round survey
targeted 294,240 people born between April 2, 1996, and April 1,
2012, with the survey of residents aged 25 years born from April
2, 1993, to April 1, 1995.

Primary examination

The TUE program consisted of primary and confirmatory
examinations (Figure 2).*% First, the invitation letter for the
primary examination was mailed to the subject’s home, even for
examinations in schools. After obtaining written consent for the
TUE by mail, the appointment for the primary examination was
arranged. Primary examinations were performed mainly at
schools, public facilities, and medical institutions in each area of
Fukushima Prefecture and specialized medical institutions outside
the prefecture by physicians and clinical and radiological
technologists who were qualified to perform a thyroid examina-
tion. Interpretations of the primary examination were categorized
as Grade A (Al, A2), B, or C (Table 2). Grade A referred to
ultrasonographic findings considered to be within normal. Grade
B referred to a nodule measuring >5.1mm and/or a cyst
measuring >20.1 mm in diameter. Grade C referred to a large
suspicious thyroid nodule, overt extrathyroid extension, or large
metastatic lymph node, which required immediate examination.
Participants who were categorized with nodules of Grade B or C
were encouraged to have a confirmation examination.

Informed consent in the primary examination

Until 2019, examinees and their families were informed of the
disadvantages and objectives of the survey prior to the conduct of
each primary examination, and examinations were conducted
after obtaining an informed consent. During the Prefectural
Oversight Committee Meetings in 2019, more detailed explan-
ations were provided. Hence, the notification “Information on
Thyroid Ultrasound Examination” was revised in 2020, with a
special focus on the advantages and disadvantages of the
examination. Easy-to-understand leaflets were also created for
elementary and junior high school students. The advantages and
disadvantages of this revised information were as follows:

1. Advantages of the examination:

(1) If no abnormality was found through the examination,
concerns related to the effects of radiation on health may
be relieved, and the quality of life may be enhanced
accordingly.

Primary examination (with portable US machines) J

Examination in all prefectures
in Japan

Visiting all towns and
schools in Fukushima @

Interpretation of US images

B-C

Al - A2
20
Confirmatory examination
US, blood and urine exams, FNAC

Next survey @ Surgical treatment or

(2 years-interval in childhood,
5 years-interval in > 20 y/o0)

clinical follow-up

Figure 2. Flow chart of Thyroid Ultrasound Examination program

Table 2. Diagnostic criteria for thyroid nodules and cysts

Grade Interpretation Recommendation

A Within normal
(A1) No nodules or cysts® Next primary examination
(A2) Nodules <5.0mmP and/or cysts <20.0mm Next primary examination
Nodules >5.1 mm and/or cysts >20.1 mm  Secondary examination
Urgent secondary

C Required immediately examination L
examination

#Mixed cystic-solid nodule is included in the category of “nodules”.
®Nodules within the A2 category, which have ultrasonographic findings
suggesting thyroid cancer with aggressive clinical features, may be classified
as B.

(2) Early diagnosis and treatment may reduce the risk
of surgical complications, risk of side effects due to
treatment, and risk of recurrence.

(3) Information concerning the existence or nonexistence of
radiation effects can be provided through the analyses of
examination results not only to the examinees and their
families but also broadly to people in and outside of
Fukushima Prefecture.

2. Disadvantages of the examination:

(1) Diagnosis may lead to the treatment of cancers that
otherwise would not show any symptoms or affect the
quality and duration of life; diagnosing such cancers is
considered overdiagnosis.

(2) If a cancer or a suspected cancer is diagnosed early, the
treatment and follow-up period can be prolonged and
may increase psychological burdens or cause social and
economic disadvantages.

(3) Nodules or cysts that do not require treatment may be
identified, and confirmatory examination or cytology
may be recommended even in cases of benign nodules.
This may impose physical burden and anxiety on the
examinees and their families.

We also informed the examinees about the countermeasures for
the abovementioned disadvantages:
For Disadvantage (1): Comprehensive measures were taken to
avoid the diagnoses of nodules that do not require treatment by
excluding nodules measuring <5.0mm in diameter during the
confirmatory examination and to determine the need for FNAC in
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patients with nodules of >5.1 mm by considering the imaging
findings in line with the JABTS guidelines.

For Disadvantage (2): As a support program for the Fukushima
Health Management Survey-Thyroid Examination, the Fukushima
Prefecture government offers financial support to cover the
medical costs necessary for the treatment and follow-up after the
TUE.

For Disadvantages (2) and (3): The Fukushima Medical
University has established the Mental Care Support Team,
and its specialized staff help manage the anxieties of those who
have been subjected to confirmatory examination. Additionally,
Fukushima Medical University offers telephone consultation
services in order to address any medical questions concerning
the TUE results and thyroid disorders, to help manage
psychological distress, and to hold explanation sessions at
schools and other places.

Confirmatory examination

If a B or C judgment was made in the primary examination,
an invitation letter for a confirmatory examination was mailed to
the participant. The confirmatory examination was performed
after the written consent for it was obtained. The confirmatory
examination included a medical examination, ultrasonographic
examination using precision equipment, and blood/urine exami-
nations. The blood examinations measured TSH, free T3, free T4,
thyroglobulin, anti-thyroperoxidase antibody, anti-thyroglobulin
antibody, and urinalysis measured urinary iodine concentration.
FNAC was considered in accordance with the Japanese guideline
for the implementation of FNAC (eMaterial 1).”° When FNAC
was determined to be necessary, the purpose of FNAC, evidence
of thyroid ultrasound findings indicating the necessity of FNAC,
the method of FNAC, and possible complications of FNAC were
explained to the examinees and their family. FNAC was
performed only when consent was obtained.'® A repetitive FNAC
for participants who had FNAC on a previous thyroid examina-
tion and had similar ultrasound results to their previous findings
was not recommended.

The result of the confirmatory examination was explained
directly to the examinee and his/her family, and after con-
sultation, the medical plan that would be followed after the
confirmatory examination was decided. When the result of the
confirmatory examination was equivalent to Al or A2 judgment
in the judgment criteria at the time of the primary examination, in
principle, the current round of examination was completed. In
other cases, taking into account the examination results and the
needs of the examinee and his/her family, the examinee was
encouraged to undergo a medical follow-up or treatment or to
undergo the next round of examination (Figure 2).

Support for examinees and their families

Because TUE is not a mandatory examination and the examina-
tion is performed with informed consent, it is important to ensure
that the subjects and their families have an understanding of
thyroid examinations. To keep them updated about this program,
the TUE newsletter was issued and mailed to all the patients that
were to be examined and their parents twice annually. This
consisted of the examination plan, results, explanations of topics,
and a question-and-answer section. In addition, upon request, we
held on-site lessons or dialogues with schools and local com-
munities. Using programs and materials tailored to each age
group, we explained what the participants needed to know about
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the thyroid gland and ultrasonography, such as the purpose of
TUE, the advantages and disadvantages of the examination,
thyroid cysts, nodules, and cancer.

To support the participants before the primary examination, a
booklet titled “Examination Notice” was mailed to explain the
purpose of the examination and its advantages and disadvantages.
In addition, to provide sufficient information for the decision
making of agreement or disagreement for the examination, the
participants and their families were supported with the call center,
medical hot lines, and web consultations.

In the primary examinations at general venues in Fukushima
Prefecture, a tentative explanation of the results of the primary
examinations by medical doctors was presented using the
ultrasound images. At the other venues, leaflets with explanations
of thyroid cysts and nodules and confirmatory examinations were
distributed to increase their understanding of the examination
results.

To measure the worries and anxieties caused by the
examinations of those who were participants in the confirmatory
examination, a support team consisting of clinical psychologists,
medical social workers, and nurses commenced mental care
support. The support team provided psychological support by
creating a close bond with the examinees and their families,
listening closely to their anxieties and questions, and providing
support so that they could talk to the doctor effectively. The
activities of the support team were not only available at the time
of the confirmatory examination, but also after the transition to
medical follow-up or treatment.

RESULTS

Results of the TUE program

The Preliminary Baseline Survey (first round) and FSSs (second
round and beyond) were conducted according to the level of
ambient radiation dose (Figure 3). Table 3 shows the results of
the first-round survey,'! the surveys on second to fourth
rounds,'>'* and the survey at age 25 years.!> The participation
rate of the primary examination in the first-, second- and third-
round surveys were 81.7%, 71.0%, and 64.7%, respectively.
The rates of Grade B in the primary examination were 0.8%,
0.8%, and 0.7% in the first-, second-, and third-round surveys,
respectively. As of June 30, 2021, 116, 71, 31, and 36 examinees
in the survey of first, second, third, and fourth rounds of survey,
respectively, and 9 examinees in the survey for those aged 25
years were determined to have nodules cytologically diagnosed as
malignant or suspicious for malignancy (hereafter referred to as
cytologically malignant nodules). The confirmatory examination
of the fourth-round survey and the primary and confirmatory
examination of the fifth-round survey are currently in progress.

Analytical results of the TUE

Detection of nodules cytologically diagnoses as malig-
nant or suspicious for malignancy

In Chernobyl, more cases of childhood thyroid cancer were found
in the younger age group at the time of the accident.' In the first-
round survey, most of the cases with cytologically malignant
nodules were at least 10 years old at the confirmatory examina-
tion,'! and the number of diagnosed cases tended to increase in
proportion with age (Table 4).!' In a study of participants who
had undergone the first-round survey until the FY2013, the
adjusted detection rate corrected by the implementation rate of
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@ Fukushima Daiichi Nuclear Power Plant @ Fukushima Daiichi Nuclear Power Plant

|:| Target municipalities for FY 2011 |:| Target municipalities for first half fiscal years
in FSS

i Target municipalities for FY 2012 |:| Target municipalities for second half fiscal

years in FSS
I:‘ Target municipalities for FY 2013

Figure 3. Target municipalities for the first-round survey (A) and Full-scale Survey (B)

Table 3. Results of Thyroid Ultrasound Examination

First round® Second round® Third round® Fourth round? Survey at .
age 25 years
Fiscal year® 20112013 2014-2015 20162017 2018-2019 2017-
Subjects 367,637 381,237 336,667 294,237 87,694
The primary examination
Participants for the primary exam 300.472 270,552 217,922 183,352 7,621
Participation rate 81.7% 71.0% 64.7% 62.3% 8.7%
Examination result confirmed 300.472 270,552 217,922 183,338 7,260
Al 51.5% 40.2% 35.1% 33.6% 42.7%
Grade in the primary examination A2 47.8% 59.0% 64.2% 65.6% 52.3%
B 0.8% 0.8% 0.7% 0.8% 4.9%
C 0.0% 0.0% 0.0% 0.0% 0.0%
The secondary examination
Subjects for the secondary exam 2,293 2,230 1,502 1,391 359
Participants 2,130 1,877 1,104 1,021 239
Participation rate 92.9% 84.2% 73.5% 73.4% 66.6
Examination result confirmed 2,091 1,834 1,068 991 227
Equivalent to B judgment 1,380 1,404 959 898 210
FNAC performed 547 207 79 87 17
Malignant or suspicious (FNAC) 116 71 31 36 9
Results in clinical practice
Examinees surgically treated 102 52 29 29 6
PTC 100 51 29 29 5
FTC 1
. . . PDTC 1
Pathological diagnosis Others
1
(cancer)
Benign 1

FNAC, fine needle aspiration cytology; FTC, follicular thyroid carcinoma; PDTC, poorly differentiated thyroid carcinoma; PTC, papillary thyroid carcinoma.
“Data were from the reports of Preliminary Baseline Survey as of March 31, 2017.1°

®Data were from the reports of the Full-scale Survey (second round survey) as of March 31, 2021."

Data were from the reports of the Full-scale Survey (third round survey) as of March 31, 2021.

dData were from the reports of the Full-scale Survey (fourth round survey) as of June 30, 2021.'3

°Data were from the reports of Survey at age 25 years as of March 31, 2021.'

fFiscal and academic year in Japan begins on April 1 of a given calendar year and ends on March 31 of the next calendar year.

The fourth-round survey and survey at age 25 years are currently in progress, and the corresponding results show the results of the progress.
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round survey

First round Second round Third round®
Age, years? Participant® Malignant¢ Participant® Malignant¢ Participant® Malignant
(n) (n) (%) (n) (n) (%) (n) (n) (%)
04 40,663 0 0.000 19,436 0 0.000 1,326 0 0.000
5-9 84,156 1 0.001 75,121 2 0.003 61,375 0 0.000
10-14 95,999 21 0.022 89,197 17 0.019 81,666 10 0.012
15-19 70,510 77 0.109 70,560 36 0.051 63,581 18 0.028
20-24 9,137 17 0.186 16,238 16 0.099 10,870 4 0.037
>25 0 — — 2 0 0 1,356 2 0.147
Total 300,465 116 0.039 270,554 71 0.026 220,174 34 0.015

All date were as of March 31, 2020 and from the reports in the materials of 16th Subcommittee for TUE program.'”

“Age at the primary examination.

The result of the third-round survey included the results from the survey at age 25 years for subjects born in the 1992 fiscal year.

“Number of participants for the primary examination.

dNumber and detection rate of cases with nodules cytologically diagnosed as malignant or suspicious for malignancy.

32
28 +
24 +
20 +
16 |
12

Number of cases

1 0 1 2 3 4 5 6 7

8

9 10 11 12 13 14 15 16 17 18

Age at the earthquake, years

Figure 4. Total number of cases diagnosed as malignant or suspicious for malignancy in the first-round, the second-round, and
the third-round survey for each age at the time of the earthquake

confirmatory examinations showed an age-dependent increase
in the detection rate and was observed to be higher in female
participants than in male participants.! When the maximum
diameter of cytologically malignant nodules was classified
into 5.1 to 10.0mm, 10.1 to 20.0mm, and 20.1 mm or more,
malignant nodules within 10.1 to 20.0 mm were predominant.'”

In the second-round survey and the third-round survey, which
included examinations performed at the same time for partici-
pants aged 25 years, the number of cases with cytologically
malignant nodules is also shown in Table 4.!7 The increase in the
number of cases with malignant nodules in proportion to the age
and the minimum age for detection in second- and third-round
surveys, which were characterized as incidence surveys, was
similar to that in the first-round survey, which was characterized
as a prevalence survey.

The total number of malignant cases according to the age at the
time of the earthquake from the first to the third-round survey is
shown in Figure 4. Up to the third-round survey, the youngest
cases with cytologically malignant nodules were aged 5 years at
the time of the earthquake, and the number of detected cases
increased in proportion to the age at the time of the earth-
quake.'>!3 In particular, thyroid cancer was not detected in the
first-round survey among examinees who were <5 years old at
the time of the disaster.

The detection rate of cytologically malignant nodules among
all participants was 0.039% for the first-round survey, 0.026% for
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the second-round survey, and 0.015% for the third-round survey,
with a decreasing trend as the number of examinations increased
(Table 4).'"® Age-dependent increases in the detection rate of
cytologically malignant nodules were observed in all rounds of
surveys.'® The incidence rate of cytologically diagnosed thyroid
cancer in the second-round survey in each age group was
calculated from the intervals between the two examinations for
participants who had undergone both the first- and second-round
surveys.'® This study also showed an increase in the incidence
rate of cytologically malignant nodules in parallel with the age at
examination.

Relationship of the level of radiation dose and regions in
Fukushima with the detection rate of malignant cases
In the first-round survey, the prevalence of cytologically
malignant nodules was 37.3 out of 100,000 in whole area in
Fukushima, and the estimated the level of external radiation dose
for 4 months according to the Basic Survey in the Fukushima
Health Management Survey for all residents in Fukushima was
below 2.2mSv.?

In the regional analysis of the detection rate of cytologically
malignant nodules in the first-round survey, the presence or
absence of general geographical variability of the thyroid cancer
and the sex- and age-standardized prevalence in Fukushima
Prefecture was examined using flexibly shaped spatial scan
statistics, maximum excess events tests, Poisson regressions,
and simulation-based sensitivity tests.?! This study found no
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significant spatial anomalies/clusters or geographic trends of
thyroid cancer prevalence among the ultrasound examinees,
indicating that the thyroid cancer cases detected were unlikely to
be attributable to regional factors.

Based on the results of the individual external exposure dose in
the Basic Survey, the municipalities in Fukushima Prefecture
were classified into three groups according to the external
exposure dose (Group A for the area where many people were
presumed to have had a relatively high dose; Group B for the area
with the middle dose; and Group C for the area with the lowest
dose). In the first-round survey, the sex- and age-adjusted odds
ratios (ORs) for the risk of thyroid cancers with reference to
Group C were 1.49 (95% confidence interval [CI], 0.36-6.23) in
Group A and 1.00 (95% CI, 0.67-1.50) in Group B.??

Furthermore, based on the results of the Basic Survey, the
municipalities in Fukushima Prefecture were reclassified into five
groups according to their external exposure dose and their
relationship with the detection rate of cytologically malignant
nodules found 4 years after the earthquake was determined. In
this study, no association was found between the thyroid cancer
detection rate and regional differences in the external exposure
dose.?® These studies mentioned in this section indicated that
there were no regional differences in the detection rates of thyroid
cancer in first-round survey.

The analysis of the results obtained from the second-round
survey for only those who also had undergone first-round survey,
no relationship was found between the external exposure dose
and the detection rate of cytologically malignant nodules.?*

The thyroid gland is an organ that accumulates iodine, and in a
nuclear power plant accident, internal exposure due to the uptake
and accumulation of radioactive iodine is one of the major factors
in the development of thyroid cancer. Therefore, the relationship
between the detection rate of cytologically malignant nodules
and the estimated thyroid absorbed dose of individuals from
the municipalities in Fukushima, which was the sum of the
external and internal exposure doses announced by the United
Nations Scientific Committee on the Effects of Atomic Radiation
(UNSCEAR) in 2013,> was analyzed. In the first- and the
second-round survey, an increase in the detection rate in
proportion to the exposure dose was not observed.?® Based on
these findings, UNSCEAR suggested in the 2020 report that the
high thyroid cancer risk that could be inferred from exposure to
radiation exposure was most likely not discernible in any of the
age groups considered.?’

Factors related to the detection and enlargement of
thyroid cancer

In order to identify the factors related to the enlargement of
thyroid cancer, related parameters associated with the changes
in the diameter of thyroid cancer between the primary and
confirmatory examinations were analyzed by dividing the three
groups based on the changes in the tumor diameter: by increasing,
shrinking, or no change.”® No significant differences were
observed in age, sex, tumor diameter, observation period between
primary and confirmatory examinations, or parameters in blood
examinations among the three groups during an average 6-month
period. Although there was no significant correlation between the
period and the logarithmic index of volume change (Pearson
R=0.121; 95% CI, —0.062 to 0.297), the coefficient of growth
(year™!) showed a significant and negative correlation with the
tumor diameter that did not show a normal distribution
(Spearman p = —0.183; 95% CI, —0.354 to —0.001), suggesting

a reduction in the growth rate with time.?® In addition, body mass
index?* and the level of thyroid stimulating hormone?® have been
found to be associated with the detection of thyroid cancer in the
first-round survey.

Detection rate of thyroid nodules

For the participants who participated in the examination within 3
years after the earthquake, the detection rate of thyroid nodules
was analyzed in the first-round survey.!® Thyroid nodules were
found in 1.0% and 1.7% of male and female examinees, respec-
tively, with a significantly higher rate being observed in females.
In addition, an age-dependent upward trend in the detection rate
was observed in females aged >10 years and males aged >14
years, and the sex difference was evident in those aged >10 years.
Of the patients with nodules, 13.0% of males and 15.0% of
females had multiple nodules. Also, when the maximum diameter
of the nodule was divided into 5.0 mm or smaller, 5.1 to 10.0 mm,
10.1 to 20.0mm, and 20.1 mm or larger, the detection rate of
5.0mm or smaller was the most frequent among those under 10
years old, while the detection rate of nodules of 5.1 to 10.0 mm
was the highest in examinees >10 years old. An age-dependent
increase in the detection rate was observed in all groups.
Detection rate of thyroid cysts

Among the examinees who participated in the first-round survey,
the thyroid cyst detection rate was 45.7% for males and 50.0% for
females while the detection rate in females tended to be slightly
higher.'® An age-dependent increasing trend was observed up to
the age of 10 years, peaking in the age range of 11-12 years. While
there was a decreasing tendency observed at 13 years and older, it
was more noticeable in the detection rate of cysts measuring 3 mm
or smaller. However, the detection rate of cysts >5.1 mm showed
an increasing tendency even after 13 years of age. The median
maximum diameter of cysts increased in proportion with the age.
In addition, the proportions of multiple cysts found in males and
females were 89.3% and 89.6%, respectively.

Other findings in TUE

Other findings in addition to cysts and nodules have been
obtained from the TUE. One of which is the ectopic thymus of the
thyroid gland, for which caution is required because the
ultrasound image can resemble thyroid cancer. An ectopic
thymus in the thyroid gland was observed in 375 (0.99%) of
37,816 participants.®® The detection rate of an intrathyroidal
ectopic thymus showed an inverse relationship with age. In
addition, the three-dimensional sizes of both lobes of the thyroid
gland and a rare congenital variant characterized by the lack of
thyroid lobe development were determined.3!3?

Analysis of characteristics of non-examinees in the TUE
program

The relationships between the proportion of non-examinees in the
first-round survey and the characteristics of individuals living in
Fukushima Prefecture on March 11, 2011, were analyzed.* In
particular, the differences in the odds of non-examinees between
residential areas and the influence of changing residences
(moving) after the Great East Japan Earthquake were determined.
The logistic regression analyses of the dataset included 64,117
primary examination non-examinees and 194 confirmatory
examination non-examinees. This indicated that females were
more likely to participate in the primary examination compared to
males, with an adjusted OR of 0.80 (95% CI, 0.78-0.81) for the
proportion of non-examinees adjusted for age, categorized area of
residence on March 11, 2011 based on exposure to radiation, and
moving after the Great East Japan Earthquake. The OR for the
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proportion of non-examinees in the primary examination was the
lowest among children aged 6-10 years (OR 0.26; 95% CI,
0.25-0.27), while it was the highest among those >16 years old
(OR 5.30; 95% CI, 5.16-5.43) compared with children aged 0-5
years. Individuals residing in the western part of the prefecture
had higher ORs (ie, less likely to participate in the primary
examination). The proportion of non-examinees was higher
among those who moved from the municipalities residing before
March 11, 2011 to the current address after the accident than
among those who did not (OR 1.72; 95% CI, 1.64-1.79). These
results were considered to be due to the fact that the subjects who
moved out of the prefecture and those who graduated from high
school were unable to participate this examination at schools, but
only at general venues such as public facilities or private halls
or in authorized medical institutions that varied regionally in
number. Hence, it was considered necessary to increase the
number of medical institutions and provide different opportunities
to undergo TUE in the areas of residence where the target persons
are actually residing, including those living outside of Fukushima
Prefecture.

DISCUSSION

Evaluation of the TUE results from the committees of
Fukushima Prefecture
The Prefectural Oversight Committee, consisting of outside
experts, was set up to evaluate the Fukushima Health Manage-
ment Survey, including the TUE program, and to obtain advice
from a wide range of professional perspectives. To evaluate the
results of the TUE in detail, the Subcommittee for TUE was
established in 2013. Based on the discussion in the Subcommittee
for the TUE program, the Prefectural Oversight Committee
released the comments on the first-round survey>* and the second-
round survey.®

For the first-round survey, the committee made the following
evaluations in March 2016.3* The detection of thyroid cancer was
evaluated to be unlikely affected by radiation for the following
reasons. The exposure dose was generally lower than that in the
Chernobyl accident, and the period from exposure to cancer
detection was as short as 1 to 4 years. Additionally, thyroid
cancer was not detected in examinees aged 5 years or younger at
the time of the accident. Furthermore, there was no significant
difference in the detection rate between regions in Fukushima
Prefecture, where they lived at the time of the accident. Although
the influence of the radiation exposure was estimated to be low, it
could not be completely ruled out at this time. Therefore, the
committee recommended that while a long-term examination
would be indispensable for the assessment of the impact of
radiation exposure, it should be accompanied by a careful
explanation of the disadvantages of this examination. This report
also mentioned that thyroid cancers were found to be at a rate of
times higher in comparison with prevalence of thyroid cancer
estimated by the population-based cancer registry in Japan.>*
In this regard, the possibility of overdiagnosis (ie, diagnosis of
cancer that does not threaten life expectancy or cause symptoms)
was noted, although the possibility of excess incidence due
to exposure cannot be completely denied. However, some of
committee members have pointed out that, even in the cases that
are assumed to be overdiagnosis at present, many might be
detected as cancers that threaten life expectancy or cause
symptoms not only within a few years but also later.
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The committee made the following evaluations in July 2019
for the second-round survey.®> At this point, no relationship
between thyroid cancer and radiation exposure was found in the
second-round survey. The reason for this was that no dose-effect
relationship was observed in Fukushima based on the level
of absorbed radiation dose in thyroid gland estimated by
UNSCEAR.>?® In addition, the detection rate of cytologically
malignant nodules increased with increasing age at the time of the
accident was different from that of the cases after the Chernobyl
accident.

Comparison of the data between residents in
Fukushima and those out of Fukushima

The first-round survey showed that cysts and nodules were
found in approximately half and 1.3% of examinees, respectively.
Since the prevalence of thyroid nodules and cysts in Japanese
children has not been clarified,*® children in three prefectures
(Aomori, Yamanashi, and Nagasaki Prefectures) were examined
to investigate the frequency of thyroid nodular lesions in the
general population.’” These examinations were performed using
the same ultrasound procedures as those used in the Fukushima
Health Management Survey. The number of participants living in
three prefectures that were analyzed was 4,365, and the ages
ranged from 3 to 18 years old. Thyroid ultrasonography revealed
that 42.5%, 56.5%, 1.0%, and 0.0% of participants received a
judgment of Al, A2, B, and C, respectively.’” In addition, cysts
were found in 56.9% of the participants, and nodules in 1.7%.
These results were similar to those of the first-round survey.’’-8

Since further examination is required to clarify the clinical
diagnosis of these nodules detected in the children residing in
these prefectures, a follow-up study was conducted.® Of the 44
participants who were judged as B in the initial study in three
prefectures, 31 provided consent for the follow-up study and
cooperated in the investigation of thyroid nodules. As a result, 11
(35%) and 20 examinees (65%) were diagnosed as equivalent to
A and B, respectively. Most cases were diagnosed with cysts and
benign nodules; FNAC was performed in two, and one was
diagnosed with thyroid cancer.

Few reports studying the prevalence of thyroid cancer in
children and adolescents are available.*® Katanoda et al reported
an estimated prevalence of 0.002% among those under 20 years of
age based on the 2014 thyroid cancer incidence rate,*” suggesting
that the prevalence of thyroid cancers found in this examination
was higher than that estimated by national cancer registries.
However, in the survey in three prefectures mentioned above,
detection rate of thyroid cancer was 1/4,365 with a participation
rate of 31/44 for the follow-up study. Screening of thyroid
diseases by palpation discovered thyroid cancer in 2 of 5,179
school children (0.04%) in Utah, Nevada, and Arizona.*' In
Japan, 9,988 students aged over 18 years at Chiba University
underwent thyroid screening with palpation, and 4 students
(0.03%) were diagnosed with thyroid cancer.*? These studies
using palpation and ultrasonography have reported higher
detection rates of thyroid cancer, similar to the detection rate of
cytologically malignant nodules in TUE in Fukushima.

Efforts for the risk of overdiagnosis in the TUE
program

In adults, the detection rate of nodules in the thyroid gland using
thyroid ultrasonography was high at 19-35%3% most of these
were benign adenomatous nodules formed by hyperplasia.
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However, the detection rate of thyroid cancer was approximately
0.5%, with papillary thyroid carcinoma accounting for the most.>
In addition, it is known that latent cancers are found in the thyroid
gland in about 10% of cases at autopsy, most of which are
micropapillary cancers with a diameter of smaller than 5 mm.*

The fact that low-risk thyroid cancers are frequently detected
indicates that thyroid cancer is one of the malignant tumors with a
risk of overdiagnosis, which is defined as the diagnosis of a
disease that does not cause death or symptoms over a lifetime.**
In this context, if a patient is already symptomatic at the time
of detection, there is almost no possibility of overdiagnosis.
However, in asymptomatic cases, thyroid cancer could theoret-
ically be overdiagnosed, regardless of whether standard treatment
is required. In situations where clinical evidence indicates the
need for standard treatment, diagnosis and surgical treatment are
performed as the disadvantages of worsening cancers due to a
postponed diagnosis are considered significant.*> On the contrary,
if standard treatment is not recommended, the risk of over-
diagnosis is high; hence, it is preferable to postpone the diagnosis
and the subsequent follow-up, and to diagnose and treat the
patient only when cancer progression is observed. Therefore, in
Japan, the risk of overdiagnosis is reduced by limiting the
diagnosis to cases in which diagnosis and treatment are required.

Compared to the guidelines of other countries, measures
against the risk of overdiagnosis are implemented earlier in Japan
(eMaterial 1). Guidelines have been published to establish criteria
for FNAC®*“*® and to recommend the minimum necessary
surgical treatment.*>**3 In recent years, discussions have been
held with other countries with regard to the medical treatment of
low-risk papillary thyroid carcinoma, and more careful diagnoses
and treatment have been recommended in recently published
guidelines.' >

Thyroid cancer in children and adolescents is generally
considered to have a good prognosis; however, compared to
adults, there is less knowledge about the natural history of cancer,
and more careful treatment is required. Nevertheless, following
the guidelines of relevant academic societies, the TUE program
has taken the following steps to reduce the risk of overdiagnosis.
In the primary examination, nodules of 5.0 mm or smaller were
judged as A2, and the confirmatory examination was not recom-
mended. This measure would eliminate most latent cancers.*>® In
the confirmatory examination, the indication for FNAC was
evaluated according to the guidelines for the implementation of
FNAC:s published by the Japanese Society of Breast and Thyroid
Sonology.”® These measures can reduce excessive FNACs and
postpone the diagnosis of low-risk thyroid cancer. In fact, we
recently reported that 0.6% and 0.4% of nodules measuring
<5.0mm and 5.1-10.0mm found in the first-round survey are
diagnosed as malignant or suspicious for malignancy in the
second-round survey.>’

Even in the TUE program that implemented these efforts
against overdiagnosis, the detection rate of thyroid cancer was
more than 10 times higher in the TUE program than the estimated
thyroid cancer incidence rate in the national cancer registry, as
mentioned above. The following study have suggested that these
high detection rates might be a reflection of the early diagnosis of
cancers by ultrasonography.>® The detection rate of cytologically
malignant nodules in the first-round survey was evaluated from
a model constructed using the cancer registration data of the
National Cancer Center on the assumption that there was no effect
from radiation and the sensitivity of each step of this examination.

This study showed that the actual number of detections was
within the range of the 95% CI of the number of detections
predicted from the model.*®

Feedback from the results of surgical treatment

In the Prefectural Oversight Committee for Fukushima Health
Management Survey, 101 cases from the first-round survey, 52
cases from the second-round survey, 29 cases from the third-
round survey, 29 cases from the fourth-round survey, and 6 cases
from the survey at the age of 25 years have been reported as cases
pathologically diagnosed as thyroid cancer (Table 3).!'-13
Analysis of these surgically treated cases provided important
feedback regarding TUE.

Pathological diagnosis of surgical cases

The pathological diagnosis was papillary thyroid carcinoma in
214 cases, follicular cancer in one case, poorly differentiated
cancer in one case, and other thyroid cancer in one case
(Table 3).> In addition, as of the end of July 2017, 11 cases of
thyroid cancer were not reported because they were out of the
scope of the Fukushima Prefecture Health Survey; however, they
underwent surgery at Fukushima Medical University Hospital.
These cases corresponded to 5.7% of 194 cases with cytologically
malignant nodules in the TUE program as of the end of July
2017.90

Clinical characteristics of surgical cases

Details of the surgical cases were reported for 125 patients who
had undergone surgery at Fukushima Medical University
Hospital on March 31, 2016.5! The sex ratio (male:female) was
1:1.8 and was higher in females; the average tumor diameter
immediately before surgery was 14mm (5.0 to 53mm); 121
(96.8%) patients had lesions within a lobe, and four (3.2%) had
lesions in both lobes. Comparing the postoperative findings,
preoperative  EX1 (extrathyroidal infiltrations to sternohyoid
muscle or surrounding adipose tissue) was 9.6%, while the
postoperative EX1 was 39.2%. Preoperative lymph node meta-
stasis was observed in 22.4% of patients, while postoperative
lymph node metastasis was observed in 77.6%. All three M1
(with distant metastasis) cases were suspected of having lung
metastases. Bilateral lesions were observed in only three cases.
Total thyroidectomy was performed in only 11 cases (8.8%), and
lobectomy in 114 cases (91.2%).

In Chernobyl, 68% of surgically treated cases underwent total
or subtotal thyroidectomy, and these were subsequently treated
with radioactive iodine.®?> However, in Fukushima, more than
90% underwent lobectomies, and radioiodine treatment was rarely
performed. These conservative treatments, an approach to treating
thyroid cancers utilizing limited range of surgical procedure
rather than total thyroidectomy combined with radioiodine
therapy, have resulted in the development of rare postoperative
complications in patients in Fukushima Prefecture.?

Gene mutations in thyroid cancer

In Chernobyl, especially in patients with thyroid cancer with a
short latent period of 7-10 years, 64-86% of them had RET/PTC
chromosomal rearrangement mutations, especially RET/PTC3
rearrangements.®® Analyses of driver mutations in 67 papillary
thyroid carcinomas and one poorly differentiated thyroid carci-
noma in Fukushima detected BRAFV600E in 43 cases (63.2%),
RET/PTCI in six (8.8%), RET/PTC3 in one (1.5%), and ETV6/
NTRK3 in four (5.9%). The genetic pattern was completely
different from that of the post-Chernobyl papillary thyroid carci-
nomas. Furthermore, in a study of 138 cases including additional
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cases, the BRAF V600E point mutation was observed in 69.6% of
cases,* suggesting that it was different from the gene mutation in
the thyroid cancer that occurred in Chernobyl. The profile of the
genetic alterations is useful for understanding the characteristics
of cancer. RET/PTC3 rearrangement has been found in pediatric
post-Chernobyl thyroid cancer with a latency of 5-10 years.53
In these cases, the solid variant of papillary thyroid carcinoma
had a strong correlation with RET/PTC3.% On the contrary,
RET/PTC3 rearrangement with papillary carcinoma was detected
in only one patient in the study conducted in Fukushima. These
data indicate that the cancer characteristics in the Fukushima
cases were different from those in post-Chernobyl papillary
cancer cases. However, previous studies reported that the fre-
quency of RET/PTC3 rearrangement is higher in areas with lower
iodine intake, regardless of the degree of radiation exposure, and
the relationship between RET-PTC3 and radiation remains
unclear.®

It has also been clarified that cases with a BRAFV600E
mutation tend to have smaller tumor size and a higher rate of
lymph node metastasis than cases without a BRAFV600E
mutation.®
Efforts to address the risk of overtreatment in medical
care after the TUE
Patients diagnosed as malignant or suspicious for malignancy
using cytological examination in the TUE were referred to the
medical department. However, in Japan, active surveillance is
conducted in adult patients with very low-risk papillary thyroid
carcinoma (T1aNOMO) with no evidence of metastasis or exten-
sion, under an appropriate medical care system after obtaining the
patient’s consent, following an adequate explanation of the
disease condition and the risks/benefits of the management.*-°

Analysis was conducted for clinical characteristics of cases
with very low-risk papillary thyroid carcinomas that may be
subject to active surveillance in patients referred to the surgical
department.%! This analysis identified 44 cases of T1aNOMO
(tumor diameters of 1cm or smaller, no extrathyroidal infiltra-
tions, or lymph node/distant metastases) in the preoperative
evaluation. Thirty-three patients underwent surgery due to the
following reasons (with duplication): 20 with suspected EX1
(extrathyroid infiltration = classified as T3), 3 with suspected
lymph node metastases, 10 with suspected recurrent laryngeal
nerve infiltrations, seven with suspected tracheal infiltrations, one
with Graves’ disease, and one with lung shadow. In addition, 11
patients were treated surgically according to the wishes of these
patients and their families even after receiving recommendations
for non-surgical follow-ups. Of the above 44 patients, only 5
had T1aNOMO, and 39 (89%) had lymph node metastasis or
extrathyroidal infiltrations as the postoperative pathological
diagnosis. These results were based on the criteria for performing
FNAC? as part of the confirmatory examination of the TUE
program, based on the diameter of the nodule and the findings on
ultrasonography; for nodules <1 cm, FNAC was performed only
when almost all findings were malignant. The diagnostic strategy
(eMaterial 1) for thyroid nodules in the TUE program may
contribute to the postponement of the diagnosis of thyroid cancers
eligible for active surveillance until the next round of the survey.

Lessons learned from the Chernobyl nuclear power
plant accident

On April 26, 1986, the worst nuclear accident in human history
occurred at the Chernobyl reactor #4 in the Ukrainian Republic of
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the former Soviet Union. The amount of '3'I released from the
reactor was about 10 times higher than that released during the
Fukushima accident.?” Of the late effects of radiation in the
surrounding population, the only proven health hazard was
thyroid cancer in the young generation. Unlike Fukushima
Prefecture, the area around the Chernobyl nuclear power plant
was relatively iodine deficient. In addition, evacuation and
disposal of raw milk and other foodstuffs were carried out in
Fukushima Prefecture, while the residents in the area around the
Chernobyl nuclear power plant were not informed of the accident
and were exposed to the internal radiation through ingestion of
milk and food contaminated with radioactive materials.

After the Chernobyl accident, an increase in the number of
childhood thyroid cancers was reported based on the data from
the cancer registry in Belarus.%”%® Subsequently, case-control
studies® and cohort studies’®’! conducted with the cooperation
of international specialists revealed that the risk of thyroid cancer
increased in people exposed to relatively high doses of thyroid
radiation. In Chernobyl, an increase in the incidence of thyroid
cancers was also found in residents under medical surveillance,
including those who underwent ultrasound examinations,’
indicating that precise case-control and cohort studies associated
with the level of radiation dose are important in assessing the
radiation risk. From the lessons learned from the Chernobyl
accident, the TUE program, with the characteristics of a cohort
study, is being implemented to estimate the radiation dose
absorbed in the thyroid and to conduct case-control studies
correlating these doses. The final conclusions will await the
results of the careful investigation.

Conclusion

In the UNSCEAR report published in 2020,%” the absorbed thyroid
dose was estimated to be lower than the dose estimated in the
UNSCEAR 2013 Report.”> The results obtained from the TUE
program did not indicate an increase in the incidence of childhood
thyroid cancer due to radiation exposure in Fukushima Prefecture.
The UNSCEAR 2020 report?’ also concludes that a substantial
number of pediatric thyroid cancers detected in Fukushima do not
appear to be associated with radiation exposure, but rather a result
of the performance of highly sensitive ultrasound screening
procedures.

The TUE program has been implemented mainly as a health-
supportive program for those who wish to be examined, rather
than as a study to scientifically analyze the effects of radiation
exposure in which all residents are required to participate. In
addition, it is considered somewhat difficult to clarify the effects
of exposure to radiation in Fukushima because the radiation dose
is clearly lower than that of the Chernobyl nuclear power plant
accident. However, in order to meet the expectations of the
residents of Fukushima Prefecture, we will continue our efforts to
reduce the residents’ anxiety related to the health hazards caused
by radiation and to clarify the effects of radiation in Fukushima
Prefecture by conducting accurate examinations and precise
analyses.
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