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Abstract

After the accident occurred at the Tokyo Electric Power Company’'s Fukushima Daiichi Nuclear Power
Plant, the Fukushima Health Management Survey (FHMS) was initiated. The FHMS consists of a basic
survey and four detailed surveys: a thyroid ultrasound examination, a comprehensive health check, a mental
health and lifestyle survey, and a pregnancy and birth survey. In this article, we briefly summarized whether
an association exists between radiation exposure and the observation of thyroid cancer cases according
to the results of the first-round thyroid examination in the FMHS. Regarding this issue, Tsuda and his
colleagues showed an association using an internal comparison (odds ratio (OR)=2.6, 95% confidence
interval (CI): 0.99-7.0) and an external comparison (incidence rate ratio =50, 95% CI : 25-90). However, for
this internal comparison, Ohira and his colleagues used two ways of objective classifications of districts in
Fukushima; (1) the group of municipalities of which proportion of the exposed external dose level of more
than 5 mSv was higher than or equal to 1% (= 1% of 5 mSv), the group of municipalities of which proportion
of the exposed external dose level less than 1 mSv was higher than or equal to 99.9% (=99.9% of 1m
Sv<99%), and others, and (2) the location groups applied by WHO. For the classification (1), they obtained
OR=1.49 (95% CI : 0.36-6.23) from the highest group to the lowest, which was similar to the results of the
classification (2). For the external comparison, Takahashi and his colleagues developed a cancer-progression
model with several sensitivities under non-accident conditions, and showed 116 cases were possible to
observe in Fukushima under non-accident conditions. Katanoda and his colleagues found an observed/
expected ratio of 30.8 (95%CI: 26.2-35.9) of the prevalence of thyroid cancer among residents aged = 20
years (160.1 observed of cases and 50.2 expected cases), and a cumulative number of thyroid cancer
deaths in Fukushima Prefecture of 0.6 under age 40 with the same method. This large disparity implied the
possibility of over-diagnosis in thyroid examinations.

A researcher reported the results were unlikely to be explained by a screening effect, which implied
the association between thyroid cancer cases and external radiation exposure. However, subsequently,
a possibility that it might be a result of over-diagnosis of the thyroid examinations was pointed. And,
no significant associations were found by applying objective classification of districts and by raising
comparability with the incidence data of whole Japan, respectively. In the Basic Survey of FHMS, only
individual external doses in the first four months after the accident has been observed. So neither external
dose after the four months nor internal dose was applied in these studies. Further studies are necessary to
clarify the existence of the association by applying the estimation of individual overall thyroid dose.
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I. Introduction

The Great East Japan Earthquake occurred on 11
March 2011. Tokyo Electric Power Company’s Fukushima
Daiichi Nuclear Power Plant was damaged by a tsunami,
which caused radiation emission outside of the plant. The
Fukushima prefectural government charged Fukushima
Medical University with planning and conducting a survey,
named the Fukushima Health Management Survey (FHMS),
to relieve anxiety and promote the long-term health of the
residents of Fukushima prefecture. The FHMS consists of a
basic survey and four detailed surveys: a thyroid ultrasound
examination, a comprehensive health check, a mental health
and lifestyle survey, and a pregnancy and birth survey. In
this article, we briefly summarized the association between
radiation exposure and the observation of thyroid cancer
cases in the FHMS from the results of the first-round thy-
roid examination in FMHS.

1. The Basic Survey (radiation dose estimation) [1]
The Basic Survey is a questionnaire survey which targets

all the residents (approximately 2,050,000) as of 11 March

Table 1 Response proportions to the Basic Survey

Response
proportion (%)
Targets 2055267 100.0
Original

i . 493538 24.0

questionnaire
Simplified

o 73142 36
questionnaire

Responders Total 566680 27.6

As of 31 March 2017

Modification of Table 1 from the Basic Survey [1] (radiation dose estimation)

2011. Each external radiation dose was estimated based
on the recorded movements of the respondents in the four
months after the accident. The overall effective response
proportion to the basic survey, for the entire population of
Fukushima Prefecture, was 27.6% (566,680 of 2,055,267) (31
March 2017) as shown in Table 1. The individual external
radiation exposure was estimated using the external dose
estimation system for Fukushima residents by the National
Institute of Radiological Sciences (NIRS). The doses were
estimated by adding the product of the time data for the
residents’ behaviors and the dose rate to the map [2]. The
NIRS external system has applied the System for Predic-
tion of Environmental Emergency Dose Information and
monitoring data reported officially by the government.

2. Thyroid ultrasound examination (preliminary base-

line screening) [3]

The target population is the residents of Fukushima Pre-
fecture aged 0-18 years as of 11 March 2011 (born between
2 April 1992 and 1 April 2011). The thyroid ultrasound
examination was planned with a cohort study design [4]
in which the subjects were monitored routinely (at 2-year
intervals in those =20 years old, and at 5-year intervals in
those >20 years old), because the Chernobyl accident re-
sulted in an excess emergence of thyroid cancer four years
after the accident. The examination consists of (i) a primary
complete survey and secondary confirmatory examinations;
(i1) a detailed ultrasound examination [3]; and (iii) fine-nee-
dle aspiratory cytology (FNAC). In the primary examina-
tion, ultrasonography was applied to examine the thyroid
gland, and examination specialists assessed the image on
the basis of the following criteria. Criteria A: Those with

Table 2 Primary thyroid examination screening

Target . .
X Participants Proportion
population ~ ©) Results
™) !
N Al A2 B C
(%) (%) (%) %) (%)
41810 26375 15214 221 0
FY2011 47769 41810 87.5
(100.0) (63.1) (36.4) 0.5) 0.0)
139337 76194 62155 987 1
FY2012 161123 139337 86.5
(100.0) (54.7) (44.6) 0.7 0.0
FY2013 158757 119326 750 119326 52036 66205 1085 0
(100.0) (43.6) (55.5) 0.9) 0.0)
300473 154605 143574 2293 1
Total 367649 300473 81.7
(100.0) (51.5) (47.8) 0.8) 0.0)

Modification of Table 1 and Table 2 from Thyroid Ultrasound Examination (Preliminary

Number and proportion of participants with nodules/cysts

Participants Results
Nodules Cysts
=5.1 mm =5.0 mm =20.1 mm =20.0 mm
FY2011 41810 219 (0.5) 230 (0.6) 1 15139 (36.2)
FY2012 139337 973 (0.7) 730 (0.5) 9 62267 (44.7)
FY2013 119326 1083 (0.9) 753 (0.6) 2 66493 (55.7)
Total 300473 2275 (0.8) 1713 (0.6) 12 143899 (47.9)

Baseline Screening) [3]
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test results of Al (no nodules / cysts) and A2 (nodules =
5.0 mm or cysts =20.0 mm) were recommended for watch-
ful waiting until they undergo the next screening. Criteria
B: Those with B (nodules =5.1 mm or cysts =20.1 mm)
were advised to take the Confirmatory Examination. Cri-
teria C: Those with immediate needed for a confirmatory
examination [3]. In secondary confirmatory examinations,
we conducted ultrasonography, blood tests, urine tests, and
FNAC if it was necessary for those with B or C test results.
We recommended medical follow-up for those requiring it
on the basis of their confirmatory test results.

3. Results of the first-round thyroid examination [3]

According to the primary examination, the participation
proportion was 81.7% (300,473 of 367,649) as shown in Ta-
ble 2. The number of participants with Al or A2 test results
was 298,179 (99.2%), the number with B results was 2,293
(0.8%), and only 1 had C results. According to the confir-
matory examination, 2,293(92.9%) were recommended for
further testing and 2,090 of them (98.1%) participated in it.
Of 2,090 participants, the number of those who met Al or
A2 primary diagnostic criteria (including those with other
thyroid conditions) were 132 with Al and 579 with A2, re-
spectively. They were advised to take their next regularly
scheduled examination (Full-scale thyroid screening pro-
gram). 1,379 (66.0%) participants with neither Al nor A2
results were recommended to have medical follow-up after
6 to 12-months, or were advised to take their next regularly
scheduled examination. Of 1,379 participants, 547 (39.7%)
underwent FNAC.

II. Findings from first-round thyroid exam-
ination of the FHMS

In February 2018, more than 25 articles based on the
FHMS data were published. They are listed at http://
fmu-global.jp/publications-n/, which contained four articles
that explored the association between radiation exposure
and the emergence of thyroid cancer. Here we summarized
them.

1. Study by Shimura and colleagues [5]

This study showed that the proportion to detect thyroid
nodules and cancer increased in age, but showed a peak at
11 to 12 years in cysts, and that the prevalence proportion
of thyroid nodules and cancers were different in sex, but its
difference of cysts was small. They summarized this results
by the description of the age and sex distributions of the
thyroid ultrasound examinations of children and adolescents
in the FHMS. In this study, 294,905 participants aged=18
years at the time of the accident received primary thyroid

ultrasound examinations from October 2011 through March
2014, and 2032 subjects participated in secondary confir-
matory examination in the first round of the FHMS. The
evaluation of the age- and sex-specific prevalence and size
of thyroid cysts, nodules, and cancers showed that thyroid
cysts, nodules, and cytologically suspected cancers were
found in 68,009, 1415, and 38 male subjects and in 73,014,
2455, and 74 female subjects, respectively.

2. Study by Tsuda and colleagues [6]

The first-round of screening included 298,577 examinees.
In this study, the data up to December 31, 2014, were used
and compared with the Japanese annual incidence and the
incidence in four areas in Fukushima Prefecture. The high-
est incidence rate ratio (IRR), with their assumption of a
latency period of 4 years, was estimated (IRR = 50, 95%
confidence interval (CI): 25-90) in the central middle dis-
trict of the prefecture compared with the Japanese annual
incidence of the national cancer registry (NCR) (external
comparison). The prevalence proportion of thyroid cancer
(605 per million, 95% CI : 302-1082) and the prevalence
odds ratio (OR=2.6, 95% CI : 0.99-7.0) were compared with
the reference district in Fukushima Prefecture (internal
comparison). They concluded that an excess of thyroid can-
cer had been detected by ultrasound among children and
adolescents in Fukushima Prefecture within 4 years of the
release, and was unlikely to be explained by a screening ef-
fect.

3. Study by Katanoda and colleagues [7]

After Tsuda’s paper was published, Katanoda and his
coauthors calculated the observed/expected (O/E) ratio of
thyroid cancer prevalence for the residents aged =20 years.
The observed prevalence was the number of thyroid cancer
cases detected by the thyroid examination in FHMS until
April 2015. They calculated the expected prevalence as the
cumulative incidence as determined by a life-table method
using the national estimates of the thyroid cancer incidence
rate in 2001-10 and the population of Fukushima Prefecture.
Under the assumption that there was neither a nuclear
accident nor a screening intervention, an O/E ratio of 30.8
(95% CI: 26.2-35.9) was determined as shown in Table 3.
The cumulative number of thyroid cancer deaths under age
40 in Fukushima Prefecture was 0.6. Combined with the ex-
isting knowledge regarding the effect of radiation on thyroid
cancer, their descriptive result of disparities between them
suggested the possibility of over-diagnosis.

4. Study by Ohira and colleagues [8]
Applying a cross-sectional study design with 300,476
participants aged 18 years and younger who underwent
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Table 3 Observed and expected thyroid cancer prevalence in Fukushima Prefecture, as of the end of 2014

Sex Number of Percentage among O/E 95%CI
malignant cases? target population ratio
Observed (age at screening =20Y)  Males 54.8 0.032
Females 105.3 0.064
Total 160.1 0.047
Expected (attained age =20)
Based on average incidence ratec  Males 1.2 0.001 46.1 34.5-59.8
Females 4.0 0.002 26.6 21.7-32.0
Total 5.2 0.002 30.8 26.2-35.9
Based on average incidence rated = Males 1.3 0.001 41.4 31.0-53.7
Females 5.9 0.004 17.9 14.6-21.6
Total 7.2 0.002 22.2 18.9-25.9

O/E, observed/expected; CI, confidence interval
a: Including suspected malignancy.

b: Corrected for age-specific screening rate.

¢! Calculated using the national incidence rate between 2001 and 2010.

d: Calculated using the national incidence rate extrapolated to 2014 using the average annual percent change

between 2001 and 2010.
Reprint of Table 1 from Katanoda K, et al. (2016) [7]

Table 4 Age- and sex-adjusted ORs and 95% ClIs of thyroid cancer according to location group by first
4-month external radiation doses estimated by The Fukushima Health Management Survey

Group A Group BY Group C?
N 4192 213564 82720
Women, % 50.5 49.4 49.8
Age at the time of the nuclear accident, y (SD) 9.4 (5.4) 9.0 (5.1) 8.6 (4.8)
Age at the time of the screening, y (SD) 10.2 (5.4) 10.6 (5.1) 11.2 (4.9)
Duration from the nuclear accident to the time of the screening,

0.8 (0.6) 1.7(0.7) 2.6 (0.5)

y (SD)
No. of cases 2 76 34
Prevalence proportion per 100000 people 47.7 35.6 41.1
Crude OR (95%CI) 1.16 (0.28-4.83) 0.87 (0.58-1.30) Reference
Age- and sex- adjusted OR (95%CI)® 1.49 (0.36-6.23) 1.00 (0.67-1.50) Reference
Multivariable-adjusted OR (95%CI)® 1.01 (0.22-4.63) 0.82 (0.51-1.34) Reference

a) The group of the proportion of exposed external radiation of 5 mSv or more is more than or equal to 1%.

b) The group of the proportion of exposed external radiation of 5 mSv or more is less than 1 % and of 1 mSV or less is less than 99.9%.

¢) The group of the proportion of exposed external radiation of 1 mSv or less is more than or equal to 99.9%.

d) Adjusted for age at the thyroid examination and sex.

e) Adjusted for age at the thyroid examination, sex, and duration from the nuclear accident to the thyroid examination.
95% CI=95% confidence interval, OR=o0dds ratio, SD=standard deviation

Reprint of Table 2 from Ohira T, et al. (2016) [8]

thyroid examinations between October 2011 and June 2015,
Ohira and his colleagues used two ways of objective classi-
fications of districts in Fukushima; (1) the group of munici-
palities which proportion of the exposed external dose level
of more than 5 mSv was higher than or equal to 1% (=1%
of bm Sv), the group of municipalities which proportion of
the exposed external dose level less than 1 mSv was higher
than or equal to 99.9% (=99.9% of 1m Sv<99%), and oth-
ers, and (2) the classification by WHO [9]. The prevalence

proportions of thyroid cancer for the three groups (1) were
47.7/100,000 for the highest dose area, 35.6/100,000 for the
middle dose area, and 41.1/100,000 for the lowest dose area,
respectively. It showed that the highest and the middle dose
areas had OR=1.49 (95% CI: 0.36-6.23) and 1.00 (0.67-1.50),
respectively, using the lowest dose areas as a reference
(internal comparison) as shown in Table 4 by using logistic
regression models adjusting for age and sex. For the clas-
sification (2), the groups were characterized as relatively

J. Natl. Inst. Public Health, 67 (1) : 2018 45



Hideto Takahashi

Table 5 Expected detected cases determined by the model with sev-

eral sensitivity values

Sensitivit Males Females

nsitivi

Sensitivity enstvity (Observed cases n=39) (Observed cases n=77)

) (secondary
(primary mass . . Expected Expected
. confirmation
screening) o detected 95%CI detected 95%CI
examination)
cases cases

1.0 1.0 49.3 35.5-63.0% 141.1 117.8-164.4
0.9 1.0 44.3 31.3-57.4* 127.0 104.9-149.1
0.9 0.9 39.9 217.5-52.3*% 114.3 93.4-135.3
0.9 0.8 35.5 23.8-47.2% 101.6 81.9-121.4
0.8 1.0 39.4 27.1-51.7* 112.9 92.1-133.7
0.8 0.9 35.5 23.8-47.2% 101.6 81.9-121.4
0.8 0.8 31.5 20.5-42.5% 90.3 71.7-108.9*
0.7 1.0 34.5 23.0-46.0* 98.8 79.3-118.3
0.7 0.9 31.0 20.1-42.0% 88.9 70.4-107.4*
0.7 0.8 27.6 17.3-37.9 79.0 61.6-96.5*
0.6 1.0 29.6 18.9-40.2* 84.7 66.6-102.7*
0.6 0.9 26.6 16.5-36.7 76.2 59.1-93.3*
0.6 0.8 23.7 14.1-33.2 67.7 51.6-83.9*
0.5 1.0 24.6 14.9-34.4 70.6 54.1-87.0%
0.5 0.9 22.2 12.9-31.4 63.5 47.9-79.1*%
0.5 0.8 19.7 11.0-28.4 56.5 41.7-71.2*

*Observed cases are included in the 95% CI of the expected cases.

95%CI=95% confidence interval

Modification of Table 4 from Takahashi H, et al. (2017) [10]

highest dose area, middle dose area, relatively lowest dose
area with OR=1.50 (95% CI: 0.37 - 6.15) and OR=1.01 (95%
CI: 0.69 - 1.47), respectively. From these results, the exter-
nal radiation dose was not associated with thyroid cancer
prevalence among Fukushima children within the first 4
years after the nuclear accident.

5. Study by Takahashi and colleagues [10]

In this study, a common model applicable to any region
in Japan under non-accident conditions was built, and the
expected prevalence was estimated using simulation of
the sensitivity of the first-round thyroid examination. To
adjust for age, a cancer-progression model that was an ex-
tension of Day and Walter's was assumed. By minimizing
the weighted root mean squared error between the average
age-specific thyroid incident rates from 2001 to 2010 in the
NCR and those determined by the model, the expected
detectable prevalent cases were obtained by the model
with their examination-participation proportions, and sev-
eral sensitivities were simulated. The simulation results
showed that the numbers of observed prevalent cases were
within the 95%CI of the expected prevalent cases with sev-
eral sensitivities in each gender as shown in Table 5. These
results implied that the number of observed thyroid cancer
cases can be detected by the FHMS first-round thyroid
screening at several sensitivities under non-accident con-
ditions. They also estimated that the median sojourn times
between the detectable incidence and clinical incidence
were 34 years (males) and 30 years (females), respectively.

III. Summary

With regard to the association between radiation expo-
sure and cancer detection, Tsuda and colleagues showed
that the maximum prevalence proportion of thyroid cancer
among areas in Fukushima expressed as a ratio with the
reference district in Fukushima (internal comparison) was
estimated to be 2.6. They also showed that the incidence
rate was 50 times as high as that estimated by the national
cancer registry (external comparison). This was a shocking
result, but there were questions about the legitimacy of the
estimation methodology. Nine scientific letters were imme-
diately sent in response to the article to question the jus-
tification of their results [11-19]. For example, the results
might have arisen due to screening effect or over-diagnosis,
and thus did not reflect the association between radiation
exposure and the incidence. And they pointed several tech-
nical questions in their article with regard to the process of
estimation.

The first was their procedure by which the districts were
grouped. Whether were the districts classified objectively
or not? The more frequently they tried grouping, the more
often statistical significance they would find (i.e., a type I
error). Second, whether was their comparison of the data
between FHMS and NCR valid? The prevalence proportion
(with the unit of no-dimension) was obtained from the thy-
roid examinations in FHMS, but the incidence rate (with
the unit of 1/time) was obtained from NCR. To unify the
unit, they applied a basic formula: P (prevalence proportion)
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=I (incidence rate) X D (disease duration), which holds in
a steady-state disease pool [20]. They assumed 4 years
for the disease duration (their latent duration) of child-
hood thyroid cancer, corresponding to the time between
the Fukushima accident and thyroid cancer detection, for
which the maximum duration was 3 years and 10 months.
The point is whether they did check “steady-state disease
pool” or not. Furthermore, the data applied by them were
obtained from the first-round survey, which was the base-
line study of the cohort study of the thyroid examinations in
FHMS. According to the evidence from the Chernobyl acci-
dent, thyroid cancer in children and adolescents increased
5 years after the accidents [21-22], but the first-round thy-
roid examination of the FHMS was conducted in the first 3
years. It is likely that the cancer detected in the first-round
examination does not reflect the incident cases caused by
the radiation exposure, but seems the original prevalent
cases observed independently of the exposure.

Ohira and colleagues showed the results when the first
questionable point was corrected by applying two ways of
objective classifications of districts. Both results showed no
significance between the external radiation and thyroid can-
cer prevalence among Fukushima children within the first 4
years after the nuclear accident.

Takahashi and colleagues showed the results when the
second questionable point was corrected by raising the
comparability of both data as modifying three points, to
use a common index for adjusting units between data of
FHMS and NCR, to develop a cancer-progression model for
adjusting age, and to simulate the sensitivity of the thyroid
examinations. They successfully built a cancer-progression
model of thyroid cancer based on Japan's NCR data under
non-accident conditions, they were able to adjust the units
and age between data, and they simulated sensitivity for the
comparison. The results implied that the detected thyroid
and its suspected 116 cases in the first-round screening ex-
amination was possible to observe with several sensitivities
under non-accident conditions.

Katanoda and their colleagues compared NHMS with
NCR. They applied a cumulative incidence rate for unit
unification. Under the assumption that there was neither a
nuclear accident nor a screening intervention, two results,
namely an O/E ratio of 30.8 (95% CI: 26.2-35.9) and the
cumulative number of thyroid cancer deaths in Fukushima
Prefecture being 0.6 under age 40, implied the possibility
of over-diagnosis in the thyroid examination. There is an-
other report over-diagnosis was considered by the disparity
of longitudinal tendency between incidence rate (rapid
increase) and mortality rate (stable) of thyroid cancer in
South Korea, 1993-2011 [23].

Since the thyroid examinations in FHMS started, peo-

ple have been worried that many cases were detected by
the thyroid examinations. For this situation, a researcher
reported the results were unlikely to be explained by a
screening effect, which implied the association between
thyroid cases and external radiation exposure. Howev-
er, subsequently, a possibility that it might be a result of
over-diagnosis of the thyroid examinations was pointed.
And, no significant associations were found by applying ob-
jective classification of districts and by raising comparability
with the incidence data of whole Japan, respectively. In the
Basic Survey of FHMS, only individual external doses in
the first four months after the accident has been observed.
So neither external dose after the four months nor internal
dose was applied in these studies. Further studies are nec-
essary to clarify the existence of the association by applying
the estimation of individual overall thyroid dose.
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Results of the first-round thyroid examination of the Fukushima Health Management Survey
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&R RUE T BT IR 6 B IR ARG (FHMS) 252 % — b L7z, Z oA
A, HURMRBRA, HEBA, 2 A OB - AEEICHET WA, MEERICHE T A HAD O
BEINTWE, TOMXTE, BEHHREIE EHFIREDSA L OBESTFET 2089 PIZOWTOR
HELTmE (1 REKRE) OFBEPSERICE LD L. HHOOWRIZRNOMIEMILE (+v
A OR=2.6, 95% fEHHXMH (CD :0.99-7.0) & HARESKROFERI E o/ (BRI (IRR)
=50, 95% CI:25-90) #7L, BEMEOFIELZTE—L L L LHIERRERICOWTIERES
M2BY) OFBESHE LT, (D)5mSvE ) BUWIHBREORAEH 1 %L LTH A HITH 25 74
57NV —7, 1mSvE )RR E O A 0399.9% U ETH BTN P55 7V —F Z0M) &,
(2) WHOIZ b » THWHNZZHIE, 2E2nEn vz 58 (1) T, SHEREORDEVWEO
ROEWEEICK T 54 v XHEOR=1.49 (95% CI:0.36-6.23) %% ZhidZH (2) THREETH -
72, SBMERIIZOWTIE, BB, FHALEVWIEDD & T, PADEETE T IV E BRI O &
ERHAWT, FHARVRETH > TORBIRICBWTI6ADEZZMMB LI 22 2Rk L F
TFH S OWFFE TR BRI B 2 5o B EROMEE K G2A) L#HER (160.10) o
H30.8 (95% CI: 26.2-35.9) & B TH 0L T TO.6AN) DOKE 2THEAL S, WIS O#FR
WO M2 RIEL TV 5.

ZDEHIZ, SO RERN T A BEHRIE & HFIRRATA & OBEIZOWTIE, LB
B AVRIE S MR RBREEI N 00, ZFIULBRZW ORI L 0 A LT 5 1RSSR
BN, ZORFEINZSHE KBTS EEE LML), ChOoRBEEIEESNTYS
Lo L, BREFEREO FIREMES T3 4 28 B o/ B OEO A E SN THB Y
Z D72 0dHE 4 2 A DO S MELHEREI S O E TSR TV R W, A
ANOKEBIE S HEOHEEMZ W THEOA LI ST AN S SITLEL SNTNDS.

F—7— K URIRMAE, 1R R IR R A, TR S A, B AHB0E < IR BEBRAE (i)
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