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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


111&112節	


(02/31)	




小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


111.　１編 ︎の論文 [T17]（およびそ︎の後︎発表された、批判へ︎回答 [T16]）︎は、甲状腺が
んの発生率が放射線 ︎によって ︎︎上昇したこと︎を証明で ︎きると︎主張して ︎いる。著者ら︎は福
島県で ︎５０倍（95%信頼区間：25	
  倍〜90	
  倍）の︎過剰を報告している。しかし、調査︎の
計画と︎方法は︎、この︎解釈を正当化する ︎︎にはあまり ︎にも偏りが生じやすいも︎の [J2]で ︎
あっ︎た。Tsuda	
  et	
  al.	
  [T17]は︎、観察された甲状腺がんの発見率に ︎対する、甲状腺の︎
高感度超音波検診の︎影響を十分︎︎には考慮に ︎入れていない。彼らの結論は、FHMS	
   ︎
集団検診を受けた人の甲状腺がん発見率︎と、小児︎甲状腺検診結果がほとんど︎含ま
れていない日本の他の地域での発見率との比較に基づいていた。小児期に検診を
受けた他集団、特に被ばくしていない ３ 県で超音波検診を受けた小児 ︎についての
調査 [H3]、および日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくの
ない甲状腺がんのベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明し
ている。同様に、韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな
大幅な上昇を経験した	
  [A2]。また、検診︎検出されたがんの一部は、放射線被ばくの
前から存在していた可能性がある [T5]。 	

	


福島県民健康調査：FHMS	


原文の写し	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


112.	
  Wakeford	
  et	
  al.	
  [W2]は、FHMS	
  が調査した小児甲状腺がん有病率について、事
故に起因する被ばくが比較的低い地域、中程度の地域、および高い地域（Tsuda	
  et	
  
al.の定義によるもの）にそれぞれ居住していた小児の有病率を比較することで、
Tsuda	
  et	
  al.の論文のデータを分析している。Wakeford	
  et	
  al.による分析では、線量反
応関係の傾向は何ら認められなかった。実際、被ばくが最も高い地域と最も低い地
域における甲状腺がん有病率の比はわずか 1.08（95%信頼区間：0.60〜1.96）︎で
あった [W2]。このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関する
データの本質的な部分には、以下のような不一致が見られる。(a)	
  Tsuda	
  et	
  al.	︎
  論文︎、
放射線被ばく後、１年〜２年以内に過剰発生があったと報告しているが、チェルノブ
イリ原発事故後の調査および甲状腺へ ︎線量がより高かった他の調査において、３
年〜４年以内での過剰発生が見られていない。(b)	
  FHMS	
   ︎おける甲状腺がんはすべ
て、放射線被ばく時 ︎６歳〜１８歳の年齢層で発生しているが、他の調査では甲状腺 
がんの誘発は小児早期（５歳未満）に被ばくした年齢層で最も多く発生している。(c)	
  
測定された甲状腺の線量は、報告された高有病率と整合するには低すぎる [T6,	
  
W2]。このような弱点と不一致があるため、本委員会︎、Tsuda	
  et	
  al.	︎
  よる調査が 2013	
  
年報告書の知見に対する重大な異議であるとはみなしていない。 	


原文の写し	


222.　福島第一原発事故後の甲状腺吸収線量がチェルノブイリ事故後の線量よりも大幅に
低いため、福島県でチェルノブイリ原発事故の時のように多数の放射線誘発性甲状腺がん
が発生するというように考える必要はない。 （UNSCEAR2013）	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


111.　１編 ︎の論文 [T17]（およびそ︎の後︎発表された、批判へ︎回答 [T16]）︎は、甲状腺が
んの発生率が放射線 ︎によって ︎︎上昇したこと︎を証明で ︎きると︎主張して ︎いる。著者ら︎は福
島県で ︎５０倍（95%信頼区間：25	
  倍〜90	
  倍）の︎過剰を報告している。しかし、調査︎の
計画と︎方法は︎、この︎解釈を正当化するには︎︎あまりに ︎も偏りが生じやすいも︎の [J2]で ︎
あっ︎た。Tsuda	
  et	
  al.	
  [T17]は︎、観察された甲状腺がんの発見率に ︎対する、甲状腺の︎
高感度超音波検診の︎影響を十分︎︎には考慮に ︎入れていない。彼らの結論は、FHMS	
   ︎
集団検診を受けた人の甲状腺がん発見率︎と、小児︎甲状腺検診結果がほとんど︎含ま
れていない日本の他の地域での発見率との比較に基づいていた。小児期に検診を
受けた他集団、特に被ばくしていない ３ 県で超音波検診を受けた小児 ︎についての
調査 [H3]、および日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくの
ない甲状腺がんのベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明し
ている。同様に、韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな
大幅な上昇を経験した [A2]。また、検診︎検出されたがんの一部は、放射線被ばくの
前から存在していた可能性がある [T5]。 	

	


福島県民健康調査：FHMS	

[T17],	
  [T16]	
  
[J2],	
  [H3],	
  [T6],	
  [A2],	
  [T5]	


構成上の問題	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


112.	
  Wakeford	
  et	
  al.	
  [W2]は、FHMS	
  が調査した小児甲状腺がん有病率について、事
故に起因する被ばくが比較的低い地域、中程度の地域、および高い地域（Tsuda	
  et	
  
al.の定義によるもの）にそれぞれ居住していた小児の有病率を比較することで、
Tsuda	
  et	
  al.の論文のデータを分析している。Wakeford	
  et	
  al.による分析では、線量反
応関係の傾向は何ら認められなかった。実際、被ばくが最も高い地域と最も低い地
域における甲状腺がん有病率の比はわずか 1.08（95%信頼区間：0.60〜1.96）︎で
あった [W2]。このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関する
データの本質的な部分には、以下のような不一致が見られる。(a)	
  Tsuda	
  et	
  al.	︎
  論文︎、
放射線被ばく後、１年〜２年以内に過剰発生があったと報告しているが、チェルノブ
イリ原発事故後の調査および甲状腺へ ︎線量がより高かった他の調査において、３
年〜４年以内での過剰発生が見られていない。(b)	
  FHMS	
   ︎おける甲状腺がんはすべ
て、放射線被ばく時 ︎６歳〜１８歳の年齢層で発生しているが、他の調査では甲状腺 
がんの誘発は小児早期（５歳未満）に被ばくした年齢層で最も多く発生している。(c)	
  
測定された甲状腺の線量は、報告された高有病率と整合するには低すぎる [T6,	
  
W2]。このような弱点と不一致があるため、本委員会は、Tsuda	
  et	
  al.	︎
  よる調査が 
2013	
  年報告書の知見に対する重大な異議であるとはみなしていない。 	


[T17],	
  [T16]	
  
[J2],	
  [H3],	
  [T6],	
  [A2],	
  [T5],	
  [W2]	


構成上の問題	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


[T17],	
  [T16],	
  [J2],	
  [H3],	
  [T6],	
  [A2],	
  [T5],	
  [W2]　著者名のイニシャルと通し番号	


[T17]	
  Tsuda,	
  T.,	
  A.	
  Tokinobu,	
  E.	
  Yamamoto	
  et	
  al.	
  Thyroid	
  cancer	
  detecUon	
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ultrasound	
  among	
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  and	
  younger	
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  Japan:	
  2011	
  to	
  
2014.	
  Epidemiology	
  27(3):	
  316-­‐322	
  (2016).	
  	
  
[T16]	
  Tsuda,	
  T.,	
  A.	
  Tokinobu,	
  E.	
  Yamamoto	
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  al.	
  Response	
  to	
  the	
  Commentary	
  by	
  
Professor	
  Davis	
  and	
  the	
  Seven	
  Le^ers.	
  -­‐	
  a	
  well-­‐known	
  fact	
  should	
  be	
  disseminated	
  to	
  
remedy	
  the	
  problems.	
  Epidemiology	
  27(3):	
  e21-­‐23	
  (2016).	
  	
  
[J2]	
  Jorgensen,	
  T.J.	
  Re:	
  Thyroid	
  cancer	
  among	
  young	
  people	
  in	
  Fukushima.	
  
Epidemiology	
  27(3):	
  e17	
  (2016).	
  	
  
[H3]	
  Hayashida,	
  N.,	
  M.	
  Imaizumi,	
  H.	
  Shimura	
  et	
  al.	
  Thyroid	
  ultrasound	
  findings	
  in	
  
children	
  from	
  three	
  Japanese	
  prefectures:	
  Aomori,	
  Yamanashi	
  and	
  Nagasaki.	
  PLoS	
  
One	
  8(12):	
  e83220	
  (2013).	
  	
  
[T6]	
  Takamura,	
  N.	
  Re:	
  Thyroid	
  cancer	
  among	
  young	
  people	
  in	
  Fukushima.	
  
Epidemiology	
  27(3):	
  e18	
  (2016).	
  
[A2]	
  Ahn,	
  H.S.,	
  H.J.	
  Kim	
  and	
  H.G.	
  Welch.	
  Korea's	
  thyroid-­‐cancer	
  “epidemic”-­‐-­‐	
  
screening	
  and	
  overdiagnosis.	
  N	
  Engl	
  J	
  Med	
  371(19):	
  1765-­‐1767	
  (2014).	
  	
  
	
  
[T5]	
  Takahashi,	
  H.,	
  T.	
  Ohira,	
  S.	
  Yasumura	
  et	
  al.	
  Re:	
  Thyroid	
  cancer	
  among	
  young	
  
people	
  in	
  Fukushima.	
  Epidemiology	
  27(3):	
  e21	
  (2016).	
  	
  
[W2]	
  Wakeford,	
  R.,	
  A.	
  Auvinen,	
  R.N.	
  Gent	
  et	
  al.	
  Re:	
  Thyroid	
  cancer	
  among	
  young	
  
people	
  in	
  Fukushima.	
  Epidemiology	
  27(3):	
  e20-­‐21	
  (2016).	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


[T17],	
  [T16],	
  [J2],	
  [H3],	
  [T6],	
  [A2],	
  [T5],	
  [W2]　発表の時間経過で並べると	


[H3]	
  PLoS	
  One	
  8(12):	
  e83220	
  (2013).	
  	
  
	
  
[A2]	
  N	
  Engl	
  J	
  Med	
  371(19):	
  1765-­‐1767	
  (2014).	
  	
  
	
  
[T17]	
  Epidemiology	
  27(3):	
  316-­‐322	
  (2016).	
  	
  
	
  
	
  
	
  
[J2]	
  Epidemiology	
  27(3):	
  e17	
  (2016).	
  	
  
[T6]	
  Epidemiology	
  27(3):	
  e18	
  (2016).	
  
[W2]	
  Epidemiology	
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  e20-­‐21	
  (2016).	
  	
  
[T5]	
  Epidemiology	
  27(3):	
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  (2016).	
  	
  
	
  
	
  
	
  
[T16]	
  Epidemiology	
  27(3):	
  e21-­‐23	
  (2016).	
  	
  

本論文	


批判への回答	


本論文への批判	


本論文の文献	


批判やそれへの回答の文献	


UNSCEAR2016白書は、「批判への回答」を踏まえずに、「本論文への批判」に基づいて
白書を書いた。学術誌”Epidemiology”の審査・議論の過程を無視している。「回答」に
よって完結した問題を悪戯に持ち出している。科学の社会的営みを侮辱している。	


構成上の問題	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


111.　１編 ︎の論文 [T17]（およびその ︎後︎発表された、批判へ︎回答 [T16]）︎は、甲状腺が
んの発生率が放射線 ︎によって ︎︎上昇したこと︎を証明で ︎きると︎主張して ︎いる。著者ら︎は福
島県で ︎５０倍（95%信頼区間：25	
  倍〜90	
  倍）の︎過剰を報告している。しかし、調査︎の
計画と︎方法は︎、この︎解釈を正当化する ︎︎にはあまり ︎も偏りが生じやすいも︎の [J2]で ︎あっ︎
た。Tsuda	
  et	
  al.	
  [T17]は︎、観察された甲状腺がんの発見率に ︎対する、甲状腺の︎高感
度超音波検診の︎影響を十分︎︎には考慮に ︎入れていない。彼らの結論は、FHMS	
   ︎集団
検診を受けた人の甲状腺がん発見率︎と、小児︎甲状腺検診結果がほとんど︎含まれて
いない日本の他の地域での発見率との比較に基づいていた。小児期に検診を受け
た他集団、特に被ばくしていない ３ 県で超音波検診を受けた小児 ︎についての調査 
[H3]、および日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくのない甲
状腺がんのベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明している。
同様に、韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな大幅な上
昇を経験した	
  [A2]。また、検診︎検出されたがんの一部は、放射線被ばくの前から存
在していた可能性がある [T5]。 	

	


生態学的研究　環境汚染等の個人単位の暴露量が推計できない場合。	
  
	
  
コホート研究　曝露群と非曝露群の疾病頻度。	
  
	
  
症例対照研究　それぞれの群で過去の曝露を調査。	
  

内容の問題	


 （２）二次検査 

一次検査の結果、B判定または C判定となった場合は、二次検査の対象となる。二次検査
では、詳細な超音波検査、血液検査及び尿検査を行い、必要に応じて穿刺吸引細胞診を実
施する。早期に診察が必要と判断した方については優先的に二次検査を実施する。 

 

（３）検査の流れ 

 

図 1.検査の流れ 

 

６．実施対象年度別市町村 

  平成 23年度、平成 24年度及び平成 25年度の各実施対象市町村は次のとおり。 

 

 

 

 

  

図 2.実施対象年度別市町村 

 

７．追補版の定義 

 一次検査については、平成 23年 10月 9日から平成 27年 4月 30日までに、初回の検査を受診

した方を先行検査として集計した。 

 二次検査については、平成 27年 6月 30日までに結果が判明した分を確定版とし、平成 28年 3

月 31 日までに結果が判明した分などについて、追補版として集計した。今後も追補版として整

理する。 

 

一

次

検

査

A判定

B判定

C判定

＜判定結果＞

二

次

検

査
通常診療等

(A1)
(A2) 次

回

検

査

平成 23年度検査実施市町村(13市町村) 

平成 24年度検査実施市町村(12市町村)  

平成 25年度検査実施市町村(34市町村) 

②－24

[J2]は津田論文がコホート研究や症例対照研究
でないこと、個人の線量をベースにした議論で
ないこと、を批判。	
  
被ばく線量は真面には計測されていないので無
い物ねだり。	
  
調査の計画と方法は福島医科大学が決めたも
のなので津田論文が受けるべき批判ではない。	
  
環境汚染では生態学的研究が必要である。	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


111.　１編︎の論文 [T17]（およびそ︎後︎発表された、批判へ︎回答 [T16]）︎は、甲状腺がん
の発生率が放射線︎によって ︎︎上昇したこと︎を証明で ︎きると︎主張して ︎いる。著者ら︎は福島
県で ︎５０倍（95%信頼区間：25	
  倍〜90	
  倍）の︎過剰を報告している。しかし、調査︎の計
画と︎方法は︎、この︎解釈を正当化するには︎︎あまり ︎も偏りが生じやすいも︎の [J2]で ︎あっ︎た。
Tsuda	
  et	
  al.	
  [T17]は︎、観察された甲状腺がんの発見率に ︎対する、甲状腺の︎高感度超
音波検診の︎影響を十分︎︎には考慮に ︎入れていない。彼らの結論は、FHMS	
   ︎集団検診
を受けた人の甲状腺がん発見率︎と、小児︎甲状腺検診結果がほとんど︎含まれていな
い日本の他の地域での発見率との比較に基づいていた。小児期に検診を受けた他
集団、特に被ばくしていない ３ 県で超音波検診を受けた小児︎についての調査 [H3]、
および日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくのない甲状腺
がんのベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明している。同
様に、韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな大幅な上昇
を経験した [A2]。また、検診︎検出されたがんの一部は、放射線被ばくの前から存在
していた可能性がある [T5]。 	


内容の問題	


検診は特定の病気にかかっているか否かを調べる検査。	


福島県で行われているのは健診（健康診断）であって、自身の健康管理や
健康維持のために行われている、ハズ。	
  
UNSCEARはこれを健康診断ではなくて、検診と考えている。	


UNSCEARの非科学性
の議論からはそれま

すが	
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111.　	
  
特に被ばくしていない ３ 県で超音波検診を受けた小児︎についての調査 [H3]、	
  
日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくのない甲状腺がんの
ベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明している。	
  
青森、山梨、長崎の３県での検査で4,365人の子ども（3-­‐18歳）から１人に乳頭がん
が見つかったが[H3]、検出数も母数も少ないので統計的な議論は無理。岡山大学で
は2,307人の新入生（2012年）から３名のがんが見つかったと、[T6]は報告するが、こ
れ以外には2012年から2015年の間に（36,927人の間に）がんは見つかっていない。
少ない母数の調査に基づく議論はあぶなっかしい。年齢も18歳以上である。	
  
	
  
韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな大幅な上昇を経験
した [A2]。	
  
1993年から2011年の間に１５倍になったが、この発見率上昇は、成人の話である。
スクリーニング効果があっても５０倍は説明できない。	
  
	
  
検診︎検出されたがんの一部は、放射線被ばくの前から存在していた可能性がある 
[T5]。 	
  
“平均有病期間”として津田論文が採用した４年を批判しているが、２年間のインター
バルを経た二巡目でも見つかっているのでここでの指摘は失当。がんの一部が被
ばく前から存在していたのは当然であり、問題はその数（or 有病割合）である。	


内容の問題	
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疫学の基礎	


疫学の基本：有病割合と発生率	


有病割合　＝　（ある時点での有病者）／（その時点での人口の全体）　　　　　　無次元	
  
発生率（I）＝　（ある期間観察された有病者）／（観察された人の時間の合計）　1/時間	
  

定常状態（転入や転出がなく、病気の発生も一定）	
 人口：N 
有病数：P	


N	


P	


ある期間Δtに有病になる人数	
  
	
  I (N-P)	
  Δt	


ある期間Δtに有病を脱出する人数	
  
	
   	
  （回復か死亡）	
  
	
  (1/D) PΔt	


平均有病期間：D	


I (N-P)	
  Δt = (1/D) PΔt	

I (N-P)	
   = (1/D) P 
P/(N-P) = ID	


小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


有病割合と発生率とがあって両者は異なるけれど互いに関係する	


病気の人	
 病気でない人	


N-P	
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疫学の基本：有病割合と発生率	


有病割合（P/N）　＝　（ある時点での有病者）／（その時点での人口の全体）　　　無次元	
  
発生率（I）＝　（ある期間観察された有病者）／（観察された人の時間の合計）　1/時間	
  

定常状態（転入や転出がなく、病気も自然発生のみ）	
 人口：N 
有病数：P 
平均有病期間：D	


P/(N-P) = ID：有病オッズ（有病者数と病気でない人数で割っている） 
 
P << Nのとき、 
 
P/N = ID：有病割合 
 
有病割合が平均有病期間と発生率の積で表される（古くから知られている知見）。 
 
スクリーニングで求められるのは有病割合。 
がん登録等に示されているのは発生率（１年に何人有病状態になったか）。 
二巡目、三巡目からは発生率を求めることができる（健診間隔年で割る）。 
しかも、原理的に、スクリーニング効果や過剰診断の影響がない。二巡目を見よ。 

疫学の基礎	
小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


有病割合が平均有病期間と発生率の積で表される（古くから知られている知見）。 

スクリーニング	


臨床的に見つかるレベル	


時間経過  

検出レベル：5	
  mm	


発生率	


有
病
割
合	


１年間	


平均有病期間	


有病割合＝発生率（罹患率）x	
  平均有病期間	
  
	
   	
  

が
ん
進
行
度  

成長の早いがん	


成長の遅いがん	


疫学の基礎	
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inhalation was the highest among all estimated radiation doses 
to the thyroid, ground shine was the second highest, and inges-
tion was the lowest. The report indicated that the proportion of 
exposure via ground shine increased as time advanced.

Aside from the screening in Fukushima Prefecture that is 
the subject of this study, Watanobe et al.6 conducted a screening 
exercise from 2012 to 2013 including thyroid ultrasonography for 
1,137 Fukushima residents ages 18 years and younger at the time 
of the accident. No thyroid cancer was detected in this screening. 
In regions of Japan other than Fukushima, the Japanese Minis-
try of Environment conducted thyroid screening of 4,365 chil-
dren and adolescents ages 3–18 years living in three prefectures 
(Aomori, Yamanashi, and Nagasaki) using ultrasound in the 2012 
fiscal year7; one thyroid cancer case was detected.8 We summa-
rize previously collected data on thyroid screening including that 
in Chernobyl in the eTable 1 (http://links.lww.com/EDE/A968).

Three years and 10 months after the accident, the main 
objective of this study was to establish accurate and quantita-
tive estimates from the Fukushima experience and to plan for 
the future public health needs of the population.

METHODS

Exposure Estimation
Exposure information on 131I from the Fukushima 

release has been uncertain because of the 8-day half-life of 
131I and the destruction of monitoring sites as a result of the 
event. To explain differences in the regional distributions of 
estimated internal exposures (through inhalation and inges-
tion, for example, of 131I) and external exposures (for example 
134Cs and 137Cs), Torii et al.1 suggested that the differences 

were due to substantial 131I concentrations in the south area of 
the plant, together with exposure differences between radioac-
tive iodine and the total air dose rate.

In addition to Japanese sources9–11 that were cited by the 
World Health Organization,4 Unno et al.12 reported chrono-
logical changes in 131I radioactivity levels in fallout per day 
in various cities; in 131I radioactivity levels in spinach, cow’s 
milk, and chicken eggs; and in tap water pollution with 131I 
from March to May of 2011 in various areas of east Japan. 
They did not consider radioiodine exposure through inhala-
tion. They also measured radioiodine concentrations in breast 
milk from 119 volunteer lactating women residing within 250 
km of the Fukushima nuclear power plant between April 24 
and May 31, 2011. Seven of 23 women who were examined 
in April secreted a detectable level of 131I in their breast milk.

The National Institute of Radiological Sciences esti-
mated equivalent doses in mothers and infants from the data 
of Unno et al.,12,13 based on an acute ingestion model.14 These 
estimated doses ranged from 119 to 432 mSv among mothers 
and from 330 to 1,190 mSv in their infants for those living 45 to 
220 km south or southwest, including Iwaki City in the Fuku-
shima Prefecture, Ibaragi Prefecture, and Chiba Prefecture.

However, Nagataki et al.15 reported that thyroid radia-
tion doses in children in the evacuation and deliberate evacu-
ation areas were estimated to be 10 mSv in 95.7% of children 
(maximum: 35 mSv) among 1,083 by screening and intake 
scenario. The timing of evacuations from heavily contami-
nated areas within 20 km, and from additional contaminated 
areas mainly northwest of the Fukushima plant, occurred 
between March 12 and mid-June 2011.3 Many residents were 
evacuated to areas within Fukushima Prefecture, especially to 

FIGURE. 
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the plant, together with exposure differences between radioac-
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in various cities; in 131I radioactivity levels in spinach, cow’s 
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They did not consider radioiodine exposure through inhala-
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and May 31, 2011. Seven of 23 women who were examined 
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The National Institute of Radiological Sciences esti-
mated equivalent doses in mothers and infants from the data 
of Unno et al.,12,13 based on an acute ingestion model.14 These 
estimated doses ranged from 119 to 432 mSv among mothers 
and from 330 to 1,190 mSv in their infants for those living 45 to 
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However, Nagataki et al.15 reported that thyroid radia-
tion doses in children in the evacuation and deliberate evacu-
ation areas were estimated to be 10 mSv in 95.7% of children 
(maximum: 35 mSv) among 1,083 by screening and intake 
scenario. The timing of evacuations from heavily contami-
nated areas within 20 km, and from additional contaminated 
areas mainly northwest of the Fukushima plant, occurred 
between March 12 and mid-June 2011.3 Many residents were 
evacuated to areas within Fukushima Prefecture, especially to 

FIGURE. 

相双地方	


Copyright © 2015 Wolters Kluwer Health, Inc. Unauthorized reproduction of this article is prohibited.

316 | www.epidem.com Epidemiology

ORIGINAL ARTICLE

Background: After the Great East Japan Earthquake and Tsunami 
in March 2011, radioactive elements were released from the Fuku-
shima Daiichi Nuclear Power Plant. Based on prior knowledge, con-
cern emerged about whether an increased incidence of thyroid cancer 
among exposed residents would occur as a result.
Methods: After the release, Fukushima Prefecture performed ultra-
sound thyroid screening on all residents ages ≤18 years. The first 
round of screening included 298,577 examinees, and a second round 
began in April 2014. We analyzed the prefecture results from the first 
and second round up to December 31, 2014, in comparison with the 
Japanese annual incidence and the incidence within a reference area 
in Fukushima Prefecture.
Results: The highest incidence rate ratio, using a latency period of 4 
years, was observed in the central middle district of the prefecture com-
pared with the Japanese annual incidence (incidence rate ratio = 50; 95% 
confidence interval [CI] = 25, 90). The prevalence of thyroid cancer was 
605 per million examinees (95% CI = 302, 1,082) and the prevalence 
odds ratio compared with the reference district in Fukushima Prefecture 
was 2.6 (95% CI = 0.99, 7.0). In the second screening round, even under 

the assumption that the rest of examinees were disease free, an incidence 
rate ratio of 12 has already been observed (95% CI = 5.1, 23).
Conclusions: An excess of thyroid cancer has been detected by 
ultrasound among children and adolescents in Fukushima Prefecture 
within 4 years of the release, and is unlikely to be explained by a 
screening surge.

(Epidemiology 2016;27: 316–322)

The Fukushima Daiichi Nuclear Power Plant released radio-
active elements after the Great East Japan Earthquake and 

Tsunami on March 11, 2011. As the wind shifted direction over 
time, 131I, 134Cs, and 137Cs, in addition to other radionuclides, were 
released to both the northwest and the south of the plant.1 The rela-
tive amounts of radioactive material released were estimated to be 
9.1% 131I, 17.5% 137Cs, and 38.5% 134Cs. Compared with Cher-
nobyl where one reactor melted down, at Fukushima three reac-
tors melted down.2 Radiation released into the atmosphere from 
the Fukushima accident was estimated to be approximately 900 
petabecquerel (131I: 500 petabecquerel, 137Cs: 10 petabecquerel). 
The radiologic equivalence to 131I International Nuclear Event 
Scale was approximately one-sixth of the 5,200 petabecquerel 
calculated to have been released by the Chernobyl accident.3

In its health risk assessment, the World Health Organi-
zation predicted that an excess of thyroid cancer cases would 
result from radiation-exposed children based on a prelimi-
nary dose assessment.4,5 When the World Health Organization 
reported a preliminary dose estimation in 2012, it estimated 
the mean population dose for the more-affected locations 
within Fukushima Prefecture (excluding areas less than 20 km 
from the plant, which were immediately evacuated4), the less-
affected remainder of Fukushima Prefecture, neighboring 
Japanese prefectures, the rest of Japan, neighboring countries, 
and the rest of the world.4 A map of the three variously exposed 
areas within Fukushima Prefecture is shown in Figure.

The World Health Organization estimated the thyroid 
equivalent doses in 2011 to be 100–200 millisieverts (mSv) in 
the more affected areas and 10–100 mSv in the rest of Fukushima 
Prefecture as delivered by inhalation, external exposure from 
ground shine, and ingestion.4 In the most contaminated areas 
just outside 20 km from the plant, the proportion of exposure by 
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the middle area, defined in “Subjects and Their Screening,” 
for reasons of convenience. Therefore, such evacuees contin-
ued to be exposed much like the residents in the middle area.

Although several studies independently estimated dose–
response relationships between radioiodine and thyroid cancer 
incidence in Chernobyl,16–18 precise doses for cumulative radi-
ation have not yet been established. Because there is no precise 
measurement of external and internal radiation exposure in 
Fukushima, we used the residential addresses of the subjects in 
March 2011 categorized into each administrative district as a 
surrogate for individual radiation exposure measurement.

Subjects and Their Screening
The screening program for all residents born in Fukushima 

Prefecture from April 2, 1992, to April 1, 2011, was planned 
and conducted by the Fukushima Prefectural Government, and 
labeled the “first round” hereafter.19 All residents 18 years old 
and younger in March 2011 were screened by ultrasound dur-
ing the 2011–2013 fiscal years: the “nearest area” in 2011; the 
“middle area” in 2012; and the “least contaminated area” in 
2013 as shown in Table 1. The Institutional Review Board of 
Fukushima Medical University approved the screening using 
ultrasound on September 22, 2011 (approval no. 1318; research 
representative: Vice-President Masafumi Abe). Regarding the 
analysis of the data described in this paper, the thyroid cancer 
surveillance dataset was deidentified and publicly available, so 
no further human subjects review was required.

The “nearest area” to the Fukushima plant, mostly within 50 
km (47,768 subjects) was the most contaminated area, as indicated 
by dark grey in Figure. This area includes the main evacuation 

areas situated less than 20 km from the plant; the World Health 
Organization has not estimated doses in these areas.4

The “middle area” shown by light contrasting grays in Fig-
ure (50–80 km from the Fukushima power plant, with 161,135 
residents of ages 18 years and younger in 2011) has a relatively 
large population. These areas mostly correspond to the “more 
affected locations” in the World Health Organization report.4 
We divided the middle area into four districts: the north middle 
district, the central middle district, the Koriyama City district, 
and the south middle district. The central middle district had the 
highest air dose rate among the four districts in the middle area.

We assigned the rest of Fukushima Prefecture (the “least 
contaminated area” in the World Health Organization report; 
158,784 subjects), indicated in white in Figure, to four districts: 
the western least contaminated district, the southeastern least 
contaminated district, the Iwaki City district, and the northeast-
ern least contaminated district. The first three of these mostly 
correspond to less affected locations in the World Health Orga-
nization report.4

Therefore, we divided Fukushima Prefecture into nine 
districts (Figure). The residence of each subject in March 2011 
was used to assign membership to the districts. Information 
about major cities in each district was indicated in an online 
data table including outdoor air dose rates from about noon on 
March 30, 2011, which was summarized in eTable 2 (http://
links.lww.com/EDE/A968).11 Subjects in areas with higher 
air dose rate levels were screened earlier. The rank order of 
the screening was the nearest, the middle, and the least con-
taminated areas.19 On the other hand, the order of length 
of time from the accident to screening was the reverse: the 

TABLE 1. 

Areas and Districts (1) to (9)

Population  
<19 Yearsa 1st Examinees

Positives in 1st 
Examinees

2nd  
Examinees Cancer Cases

N A (A/N, %) B (B/A, %) C (C/B, %)
D (No. Operated 

Cases)

Nearest area (1) (2011 fiscal year) 47,768 41,810 (88) 221 (0.53) 199 (90) 15 (15)b

Middle area (2012 fiscal year) 161,135 139,339 (86) 988 (0.71) 919 (93) 56 (50)

 North middle district (2) 57,212 50,618 (88) 312 (0.62) 297 (95) 12 (NA)

 Central middle district (3) 21,052 18,194 (86) 115 (0.63) 111 (97) 11 (NA)

 Koriyama City district (4) 64,383 54,063 (84) 458 (0.85) 415 (91) 25 (NA)

 South middle district (5) 18,488 16,464 (89) 103 (0.63) 96 (93) 8 (NA)

Least contaminated area (2013 fiscal year) 158,784 117,428 (74) 1,042 (0.89) 949 (91) 39 (22)

 Iwaki City district (6) 62,289 48,810 (78) 436 (0.89) 401 (92) 22 (NA)

 Southeastern least contaminated district (7) 38,321 29,656 (77) 230 (0.78) 210 (91) 7 (NA)

 Western least contaminated district (8) 49,927 32,760 (66) 323 (0.99) 289 (89) 10 (NA)

 Northeastern least contaminated district (9) 8,247 6,202 (75) 53 (0.86) 49 (93) 0 (0)

Total 367,687 298,577 (81) 2,251 (0.75) 2,067 (92) 110 (87)

aOn March 11, 2011.
bOne operated case was diagnosed as a benign tumor by histology, but the case was assessed as cancer in this study according to cytology results.
NA indicates not available.
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least contaminated, the middle, and the nearest. This results 
in underestimation of the prevalence odds ratios (PORs) by 
interarea comparison when a district in the least contaminated 
area was used as a reference. Within the middle and least con-
taminated areas, the rough screening order for the first round 
was north middle and central middle, south middle, Koriyama 
City, northeastern least contaminated, Iwaki City and south-
eastern least contaminated, and western least contaminated 
districts. Therefore, even within the same area, almost 1 year 
passed between screening of the first screened and the last 
screened districts. Results from the first round of screening 
were released approximately every 3 months.

The second round of screening began in April 2014, 
with the addition of all residents born in Fukushima Prefecture 
from April 2, 2011, to April 1, 2012.20 The screening (“second 
round” hereafter) will be completed in March 2016; the near-
est and the middle areas were screened in the first fiscal year 
and the rest will be screened in the second fiscal year. Within 
2 years, the second round will cover all residents 18 years old 
and younger, including those who were in utero in 2011.

Subjects with positive findings received a secondary 
examination, and if necessary, underwent fine needle aspira-
tion.19 When cancer cells were detected, the patient was fol-
lowed and operated on at an appropriate time. The excised 
thyroid tissue was examined histologically. Explanations 
about medical decisions, such as timing of fine needle aspi-
ration and surgery, were not made publicly available by the 
prefecture. In addition to the progressive course of the disease, 
a patient’s school schedule was also considered in the timing 
of procedures because of the need for hospitalization. Based 
on information from Fukushima Prefecture, most fine needle 
aspirations and surgeries were performed by doctors from 
Fukushima Medical University.

Analysis
We defined thyroid cancer cases detected by fine needle 

aspiration cytology in the secondary examination as cases of 
“thyroid cancer” because the number of cancer cases oper-
ated in individual cities and towns was not released by the 
prefecture. Among 87 cases operated, 86 cases (99%) were 
confirmed as malignancies by histological examination.

We made two comparisons of thyroid cancer occur-
rence: one internal and one external. For the internal 
comparison, we used the southeastern least contaminated 
district as a reference, and estimated PORs and 95% con-
fidence intervals (CIs) for thyroid cancer in the remaining 
eight districts. For the external comparison, we used the 
Japanese mean annual incidence rate estimates for thyroid 
cancer among persons ages 19 years old and younger (i.e., 
two per 1,000,000) and 5–24 years old (6.5 per 1,000,000) 
from 2001 to 2008 reported by the Japanese National Can-
cer Center,21 then employed three per 1,000,000 as the ref-
erence incidence and estimated incidence rate ratios (IRRs) 
and 95% CIs in the nine districts. In doing so, we divided 

the prevalence by the latent duration of disease.22 Note that 
“latent duration” denotes the time from the date when thy-
roid cancer became detectable by screening and cytology to 
the date when it could be diagnosed in clinical settings with-
out screening or the date of operation. Here, we assumed  
4 years for a latent duration of childhood thyroid cancer, 
corresponding to the time between the Fukushima accident 
and thyroid cancer detection, for which the maximum dura-
tion was 3 years and 10 months.

We calculated 95% CIs for the POR using the maximum 
likelihood odds ratio with mid-P using StatCalc in Epi Info 7 
and for IRR based on the Poisson distribution indicated in the 
Geigy scientific tables.23

RESULTS
Table 1 shows the number of subjects in the first round of 

screening, those actually screened (“1st examinees”), those who 
screened positive as indicated by referral to the secondary exami-
nation, those who actually underwent the secondary examination 
(“2nd examinees”), detected thyroid cancer cases by cytology, 
and cancer cases as indicated by the number of surgeries.

Among 367,687 residents 18 years old and younger 
in 2011, 298,577 (81%) underwent the first round screening 
by the end of December 2014. The proportion of residents 
who underwent screening decreased year by year: 88% in 
the 2011 fiscal year; 87% in the 2012 fiscal year; and 74% 
in the 2013 fiscal year. This trend was mainly induced by 
a lower proportion of 16- to 18-year-old examinees in the 
least contaminated districts, which were screened last. Pro-
portions of examinees among subjects in the 16–18 years 
old stratum were 74% in the nearest, 63% in the middle, and 
34% in the least contaminated areas. In Japanese society, 
residents 18 years and older tend to leave their hometown 
for work or study, so some members of this group at the 
time of the accident had already left by the time the screen-
ing program reached their districts.

Among 2,251 ultrasound screen-positive cases by the 
end of December 2014, 2,067 cases were examined in sec-
ondary examinations, which detected 110 thyroid cancer 
cases, as indicated by the presence of cancer cells by cytol-
ogy after fine needle aspiration. Among the 110 cases, 87 
cases were operated by the end of December 2014: 86 cases 
were histologically confirmed (83 papillary carcinomas and 
three poorly differentiated carcinomas), and one case was 
diagnosed as a benign tumor.

Table 2 shows the results of both the internal and exter-
nal comparisons. The results of external comparisons indicate 
an excess in IRRs in all three areas, except for the northeast-
ern least contaminated district in which no thyroid cancer 
cases were detected.

When based on histologically confirmed cases that were 
operated on, the IRRs for external comparisons using a latent 
duration of 4 years were 28 (95% CI = 15, 47) in the nearest 
area (excluding one benign case), 30 (95% CI = 22, 39) in the 
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middle area, and 16 (95% CI = 10, 24) in the least contami-
nated area for which the secondary examination of cytology-
positive cases is incomplete.

The highest IRR in the external comparisons was 
observed in the central middle district of the prefecture, 50 to 
60 km west from the Fukushima power plant, where residents 
were not evacuated (IRR based on positive cytology was 50; 
95% CI = 25, 90). Prevalence in the district was 605 cases per 
million examinees (95% CI = 302, 1,082), and the POR com-
pared with the southeastern least contaminated district was 
2.6 (95% CI = 0.99, 7.0).

Although the second round of screening that began in 
the 2014 fiscal year was not included in the tables, the num-
bers of subjects were as follows: total subjects, 218,397; actu-
ally screened, 106,068 (49%); among them, for 75,311 (71%), 
it had already been decided whether the secondary exami-
nation was necessary or not; positives in the screening, 611 
(0.8%); examined in the secondary examination, 377 (62% of 
the positives); finally diagnosed by the secondary examina-
tion, 262 (70%); examined by fine needle aspiration, 22 (8%), 
and detected eight new thyroid cancer cases by cytology up to 
December 31, 2014. All of the eight cancer cases (four males 
and four females with ages at the accident ranging from 6 to 
17 years at the time of the accident in 2011) underwent the 
first round screening. In three among the eight cases, a ≤5.0-
mm nodule and/or a ≤20.0-mm cyst were detected in the first 
round. The one cancer case was already operated on (histo-
logical type was papillary carcinoma). Mean age of the cases 
in 2011 was 12.1 ± 3.4 years in the second round, whereas it 
was 14.8 ± 2.6 years in the first round. Even under the assump-
tion that the remaining 75,303 (75,311 minus 8 cancer cases) 
are disease free, an excess IRR for external comparison with 3 
years as a latent duration which was maximum time since the 
first round was observed (12, 95% CI = 5.1, 23).

DISCUSSION
Although precise measurements of both external and 

internal radiation exposure in Fukushima were not obtained, 
in external comparison, we observed an approximately 30-fold 
increase in the number of thyroid cancer cases among children 
and adolescents using the area/district of residence to provide 
a surrogate for exposure information (Table 2). In the early 
reports on excess thyroid cancer from Chernobyl, place and 
time were also used as a proxy for exposure information.24–26 
Excesses of thyroid cancer in the central middle district by 
both external and internal comparison were observed, although 
the PORs were relatively lower. The finding that southernmost 
districts within the middle and the least contaminated areas 
had higher IRRs than the northernmost districts was consistent 
with the flow of 131I being primarily in a southern direction 
from the Fukushima release.

By considering the prevalence (detected cases per 
1,000,000), IRRs in Table 2, and years between the accident and 
screening—4 to16 years in Chernobyl and less than 4 years in 
Fukushima—we could infer that the incidence of thyroid cancer 
in Fukushima rose more rapidly than expected based on the cumu-
lative attributable thyroid cancer risk over 15 years as estimated 
by the World Health Organization.5 The radiation burden to the 
thyroid in Fukushima Prefecture might have been considerably 
higher than estimated,4 as suggested by other measurements.12 
The variability of prevalence in Chernobyl may also result from 
variability in years between the accident and screening.

One concern is that the approximately 30-fold increase 
observed in the number of thyroid cancer cases in external 
comparison might be the result of a screening effect. This con-
cern is based on the potential presence of silent thyroid cancer 
among children and adolescents in the unscreened regions of 
Japan. However, the magnitude of the IRRs was too large to 
be explained only by this bias. Furthermore, according to the 

TABLE 2. 

Areas and Districts (1) to (9)
Prevalence of Thyroid Cancer 

Cases per 106 (95% CI)

Internal Comparison External Comparison

POR (95% CI) IRRa (95% CI)

Nearest area (1) (2011 fiscal year) 359 (201, 592) 1.5 (0.63, 4.0) 30 (17, 49)

Middle area (2012 fiscal year) 402 (304, 522) 1.7 (0.81, 4.1) 33 (25, 43)

    North middle district (2) 237 (123, 414) 1.0 (0.40, 2.7) 20 (10, 35)

    Central middle district (3) 605 (302, 1,082) 2.6 (0.99, 7.0) 50 (25, 90)

    Koriyama City district (4) 462 (299, 683) 2.0 (0.87, 4.9) 39 (25, 57)

    South middle district (5) 486 (210, 957) 2.1 (0.7, 6.0) 40 (17, 80)

Least contaminated area (2013 fiscal year) 332 (236, 454) – 28 (20, 38)

    Iwaki City district (6) 451 (282, 682) 1.9 (0.84, 4.8) 38 (24, 57)

    Southeastern least contaminated district (7) 236 (95, 486) 1 (reference) 20 (7.9, 41)

    Western least contaminated district (8) 305 (146, 561) 1.3 (0.49, 3.6) 25 (12, 47)

    Northeastern least contaminated district (9) 0 (0, 595) 0.00 (0.0, 2.6) 0.00 (0.0, 50)

aThe IRRs were based on diagnosis by cytology. When based on histologically confirmed cases that were operated on, the IRRs for external comparisons using a latent duration of 
4 years were 28 (95% CI = 15, 47) in the nearest area (excluding one benign case), 30 (95% CI = 22, 39) in the middle area, and 16 (95% CI = 10, 24) in the least contaminated area 
for which the secondary examination of cytology positive cases is incomplete.
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middle area, and 16 (95% CI = 10, 24) in the least contami-
nated area for which the secondary examination of cytology-
positive cases is incomplete.

The highest IRR in the external comparisons was 
observed in the central middle district of the prefecture, 50 to 
60 km west from the Fukushima power plant, where residents 
were not evacuated (IRR based on positive cytology was 50; 
95% CI = 25, 90). Prevalence in the district was 605 cases per 
million examinees (95% CI = 302, 1,082), and the POR com-
pared with the southeastern least contaminated district was 
2.6 (95% CI = 0.99, 7.0).

Although the second round of screening that began in 
the 2014 fiscal year was not included in the tables, the num-
bers of subjects were as follows: total subjects, 218,397; actu-
ally screened, 106,068 (49%); among them, for 75,311 (71%), 
it had already been decided whether the secondary exami-
nation was necessary or not; positives in the screening, 611 
(0.8%); examined in the secondary examination, 377 (62% of 
the positives); finally diagnosed by the secondary examina-
tion, 262 (70%); examined by fine needle aspiration, 22 (8%), 
and detected eight new thyroid cancer cases by cytology up to 
December 31, 2014. All of the eight cancer cases (four males 
and four females with ages at the accident ranging from 6 to 
17 years at the time of the accident in 2011) underwent the 
first round screening. In three among the eight cases, a ≤5.0-
mm nodule and/or a ≤20.0-mm cyst were detected in the first 
round. The one cancer case was already operated on (histo-
logical type was papillary carcinoma). Mean age of the cases 
in 2011 was 12.1 ± 3.4 years in the second round, whereas it 
was 14.8 ± 2.6 years in the first round. Even under the assump-
tion that the remaining 75,303 (75,311 minus 8 cancer cases) 
are disease free, an excess IRR for external comparison with 3 
years as a latent duration which was maximum time since the 
first round was observed (12, 95% CI = 5.1, 23).

DISCUSSION
Although precise measurements of both external and 

internal radiation exposure in Fukushima were not obtained, 
in external comparison, we observed an approximately 30-fold 
increase in the number of thyroid cancer cases among children 
and adolescents using the area/district of residence to provide 
a surrogate for exposure information (Table 2). In the early 
reports on excess thyroid cancer from Chernobyl, place and 
time were also used as a proxy for exposure information.24–26 
Excesses of thyroid cancer in the central middle district by 
both external and internal comparison were observed, although 
the PORs were relatively lower. The finding that southernmost 
districts within the middle and the least contaminated areas 
had higher IRRs than the northernmost districts was consistent 
with the flow of 131I being primarily in a southern direction 
from the Fukushima release.

By considering the prevalence (detected cases per 
1,000,000), IRRs in Table 2, and years between the accident and 
screening—4 to16 years in Chernobyl and less than 4 years in 
Fukushima—we could infer that the incidence of thyroid cancer 
in Fukushima rose more rapidly than expected based on the cumu-
lative attributable thyroid cancer risk over 15 years as estimated 
by the World Health Organization.5 The radiation burden to the 
thyroid in Fukushima Prefecture might have been considerably 
higher than estimated,4 as suggested by other measurements.12 
The variability of prevalence in Chernobyl may also result from 
variability in years between the accident and screening.

One concern is that the approximately 30-fold increase 
observed in the number of thyroid cancer cases in external 
comparison might be the result of a screening effect. This con-
cern is based on the potential presence of silent thyroid cancer 
among children and adolescents in the unscreened regions of 
Japan. However, the magnitude of the IRRs was too large to 
be explained only by this bias. Furthermore, according to the 

TABLE 2. 

Areas and Districts (1) to (9)
Prevalence of Thyroid Cancer 

Cases per 106 (95% CI)

Internal Comparison External Comparison

POR (95% CI) IRRa (95% CI)

Nearest area (1) (2011 fiscal year) 359 (201, 592) 1.5 (0.63, 4.0) 30 (17, 49)

Middle area (2012 fiscal year) 402 (304, 522) 1.7 (0.81, 4.1) 33 (25, 43)

    North middle district (2) 237 (123, 414) 1.0 (0.40, 2.7) 20 (10, 35)

    Central middle district (3) 605 (302, 1,082) 2.6 (0.99, 7.0) 50 (25, 90)

    Koriyama City district (4) 462 (299, 683) 2.0 (0.87, 4.9) 39 (25, 57)

    South middle district (5) 486 (210, 957) 2.1 (0.7, 6.0) 40 (17, 80)

Least contaminated area (2013 fiscal year) 332 (236, 454) – 28 (20, 38)

    Iwaki City district (6) 451 (282, 682) 1.9 (0.84, 4.8) 38 (24, 57)

    Southeastern least contaminated district (7) 236 (95, 486) 1 (reference) 20 (7.9, 41)

    Western least contaminated district (8) 305 (146, 561) 1.3 (0.49, 3.6) 25 (12, 47)

    Northeastern least contaminated district (9) 0 (0, 595) 0.00 (0.0, 2.6) 0.00 (0.0, 50)

aThe IRRs were based on diagnosis by cytology. When based on histologically confirmed cases that were operated on, the IRRs for external comparisons using a latent duration of 
4 years were 28 (95% CI = 15, 47) in the nearest area (excluding one benign case), 30 (95% CI = 22, 39) in the middle area, and 16 (95% CI = 10, 24) in the least contaminated area 
for which the secondary examination of cytology positive cases is incomplete.
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111.　１編 ︎の論文 [T17]（およびそ︎後︎発表された、批判へ︎回答 [T16]）︎は、甲状腺がん
の発生率が放射線︎によって ︎︎上昇したこと︎を証明で ︎きると︎主張して ︎いる。著者ら︎は福島
県で ︎５０倍（95%信頼区間：25	
  倍〜90	
  倍）の︎過剰を報告している。しかし、調査︎の計
画と︎方法は︎、この︎解釈を正当化するには︎︎あまり ︎も偏りが生じやすいも︎の [J2]で ︎あっ︎た。
Tsuda	
  et	
  al.	
  [T17]は︎、観察された甲状腺がんの発見率に ︎対する、甲状腺の︎高感度超
音波検診の︎影響を十分︎︎には考慮に ︎入れていない。彼らの結論は、FHMS	
   ︎集団検診
を受けた人の甲状腺がん発見率︎と、小児︎甲状腺検診結果がほとんど︎含まれていな
い日本の他の地域での発見率との比較に基づいていた。小児期に検診を受けた他
集団、特に被ばくしていない ３ 県で超音波検診を受けた小児 ︎についての調査 [H3]、
および日本の若年層における他の検診調査 [T6]では ︎、放射線被ばくのない甲状腺
がんのベースライン発見率が FHMS	
   ︎発見率と同程度であることが判明している。同
様に、韓国で広範な検診を行ったところ、甲状腺がん発見率の明らかな大幅な上昇
を経験した	
  [A2]。また、検診︎検出されたがんの一部は、放射線被ばくの前から存在
していた可能性がある [T5]。 	


内容の問題	


疫学の古典的とも言える手法で行われた分析の意味が分かっていない。	
  
	
  
環境汚染による疾病を調べるには迅速さが大切であり、二巡目を待つことなく一
巡目の健診の結果から正確な分析を行った津田論文の価値はそこにある。	
  
この意味が分かっていない。	
  
	
  
UNSCEARの担当者は疫学の基礎を勉強していない。	
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112.	
  Wakeford	
  et	
  al.	
  [W2]は、FHMS	
  が調査した小児甲状腺がん有病率について、事
故に起因する被ばくが比較的低い地域、中程度の地域、および高い地域（Tsuda	
  et	
  
al.の定義によるもの）にそれぞれ居住していた小児の有病率を比較することで、
Tsuda	
  et	
  al.の論文のデータを分析している。Wakeford	
  et	
  al.による分析では、線量反
応関係の傾向は何ら認められなかった。実際、被ばくが最も高い地域と最も低い地
域における甲状腺がん有病率の比はわずか 1.08（95%信頼区間：0.60〜1.96）︎で
あった [W2]。このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関する
データの本質的な部分には、以下のような不一致が見られる。(a)	
  Tsuda	
  et	
  al.	︎
  論文︎、
放射線被ばく後、１年〜２年以内に過剰発生があったと報告しているが、チェルノブ
イリ原発事故後の調査および甲状腺へ ︎線量がより高かった他の調査において、３
年〜４年以内での過剰発生が見られていない。(b)	
  FHMS	
   ︎おける甲状腺がんはすべ
て、放射線被ばく時 ︎６歳〜１８歳の年齢層で発生しているが、他の調査では甲状腺 
がんの誘発は小児早期（５歳未満）に被ばくした年齢層で最も多く発生している。(c)	
  
測定された甲状腺の線量は、報告された高有病率と整合するには低すぎる [T6,	
  
W2]。このような弱点と不一致があるため、本委員会は、Tsuda	
  et	
  al.	︎
  よる調査が 
2013	
  年報告書の知見に対する重大な異議であるとはみなしていない。 	


内容の問題	
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To the Editor:

In the recent article by Tsuda and col-
leagues, the authors performed two 

types of comparisons, internal and exter-
nal. In the internal comparison, no dif-
ference among nine areas in Fukushima 
was observed. In contrast, in the exter-
nal comparison, extremely high incident 
risk ratios—between 20 and 50 (except 
in one area)—compared with the rates 
from national cancer registries in Japan 
were reported.

For valid external comparison, 
comparability should be discussed. In 
this case, the system of case finding 
in Fukushima and other area is not the 
same, and therefore a direct comparison 
could be misleading.

In the study, the participa-
tion rate was as high as 81%, and this 
rate affects the incidence rate (i.e., a 
screening effect). For example, age-
standardized incidence rate of thyroid 
cancer per 100,000 in Japan was 2.2 
among men and 7.9 among women in 

2007.2 In Korea, however, it is 18.3 
among men and 87.4 among women in 
2010.3 Kweon et al.4 described how the 
high age-standardized incidence rate is 
mainly explained by enhanced detec-
tion (screening effect) and the changes 
in medical practice patterns rather than 
by specific factors. Even higher age- 
standardized incidence could be 
observed if the participation rate is 
extremely high, as in the study by Tsuda 
et al.

For valid causal inference, more 
detailed data on age and sex distribution 
are needed.

Sadao Suzuki
Department of Public Health

Nagoya City University Graduate School of 
Medical Sciences

Nagoya, Japan
ssuzuki@med.nagoya-cu.ac.jp 
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To the Editor:

Toshihide Tsuda and his colleagues1 
report that the annual incidence rate 

of thyroid cancer observed from Sep-
tember 2011 to March 2014 among ca. 
300,000 children in Fukushima ages  
18 years or less as of March 2011 is 
approximately 30-fold higher than the 
mean annual incidence rate in Japan 
reported by the National Cancer Center 
of Japan. However, the formula they use 
in Table 2 for deriving the incidence rate 
ratio, in which the prevalence is approxi-
mately equal to the product of “incidence 
rate” and “latent duration of disease,” 
has not been validated to date, although 
they cite 2nd edition of Rothman2 prob-
ably for authorizing their formula.

Rothman2 presents two formulas 
involving incidence rate: (1) Risk equals 
incident rate × time, and (2) prevalence, 
if small, is approximately equal to inci-
dence rate × mean duration of the dis-
ease. They coined the above-mentioned 
formula by replacing risk in (1) with 
prevalence and by replacing the mean 
duration of disease in (2) with latent 
duration of the disease, which cor-
responds to time in (1). Since Tsuda  
et al. also use formula (2) in the previ-
ous presentation,3 I wonder why they 
abandon it in the present article.1 One 
possible reason may be that they noticed 
the following statement in Saunders 
and Rothman4 regarding the formula in  
(2): “the formula presenting the three 
quantities does not apply to age-specific 
prevalence.” The prevalence of thyroid 
cancer is indeed age specific.

Incorrect citation is also seen in 
the reference (numbered 31), which they 
refer to for defending their assertion 
against the criticism that 4 years are too 
short for radiation exposure to induce 
thyroid cancer. The author of the cited 
reference (numbered 31) is “World Trade 
Center (WTC) Health Program Adminis-
trator” and we do not read “Centers for 

有病割合（100万人）	


低	
 中	
 高	


３つの有病割合の異常な高さに指摘なし。平時の小児甲状腺がんに理解なし。最も汚染
の高い地域が最初に検査されたため事故からの時間に違いがあり、線量反応関係は見
えにくくなっている。[16]において津田先生は反論しているが、UNSCEARはこれを無視。著
者はWHOの関係者だと述べているが、疫学の素養は身につけていない。	


津田論文での定義ではないし、福島医科大学のデータである。	
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 津田回答[16]	


[16]において津田先生は反論しているが、UNSCEARはこれを無視。	
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of the length of time elapsed between the 
accident and timing of screening. We 
mentioned as the second limitation of our 
article,9 that this potential confounding 
leads to an underestimation. As a sensi-
tivity analysis, we assigned the time from 
the accident to screening in each area to 
adjust for the elapsed time: 1 year for 
the nearest, 2 years for the middle, and 
3 years for the least contaminated areas 
(Table). The adjusted prevalence odds 
ratios indicated a dose–response relation-
ship. In general, individual-level data can 
only be derived for ingestion in field set-
tings, and we employed areas and districts 
as a surrogate for individual radiation 
dose measurements.9 As we mentioned in 
our article,9 this potential nondifferential 
exposure misclassification would lead to 
underestimation in our findings.

Finally, we respond to concerns 
about information regarding the unexposed 
population. When comparing the Ukraine 
experience14,22 with that in Fukushima, 
Wakeford et al.5 cited Jacob et al.22 for the 
expected number of thyroid cancer cases 
in the first screening (i.e., first 4 years) in 
Fukushima. This was estimated from data 
recorded 12–14 years after the Chernobyl 
accident among 13,127 residents aged 18 
or younger at the accident, through extrap-
olation to the unexposed from “heavily 

TABLE. 

1st 
Examinees

Cancer 
Cases POR (95% CI)a

Nearest area (1) (2011 fiscal year) 41,810 15 4.6 (2.2, 11)

Middle area (2012 fiscal year) 139,338 56 2.6 (1.2, 6.0)

  North middle district (2) 50,618 12 1.5 (0.65, 3.9)

  Central middle district (3) 18,194 11 3.9 (1.6, 10)

  Koriyama City district (4) 54,063 25 3.0 (1.4, 7.2)

  South middle district (5) 16,463 8 3.1 (1.2, 8.4)

Least contaminated area (2013 fiscal year) 119,328 42 -

  Iwaki City district (6) 49,429 24 2.1 (0.92, 5.2)

  Southeastern least contaminated district (7) 29,820 7 1 (reference)

  Western least contaminated district (8) 33,720 11 1.4 (0.54, 3.8)

  Northeastern least contaminated district (9) 6,359 0 0 (0, 2.5)

aWe obtained these results by correcting the observed cancer cases. With regard to central middle district (3) and 
Koriyama city district (4), we show the means of corrected PORs and 95% CIs because we cannot use numbers with a 
decimal point in EpiInfo 7.

CI indicates confidence interval; POR, prevalence odds ratio.

The first point is about minimum 
latency. Our inference on minimum 
latency was not solely based on the Cen-
ters for Disease Control-World Trade Cen-
ter report20 but also on the Chernobyl data 
showing the excess thyroid cancer cases 
within 3 years after the 1986 Chernobyl 
accident.10–13 The excess was mainly in 
teenagers within 1980s, in contradiction 
to the statement, “many patients were 
younger than 10 years old.”4

Second, we discuss the issue of 
screening effect. In contrast to the second 
round, sensitivity analysis was performed 
by employing the latent duration in the 
first round between the date when thy-
roid cancer became detectable by screen-
ing (i.e., more than 5.1 mm in diameter) 
and the date when it could be diagnosed 
clinically. Latent duration assigned in our 
article was 4 years,9 which may be long for 
the particular hypothesis tested. One can 
assign any number of years, even 20, in 
the sensitivity analysis and still observe the 
remarkable excesses. The effect of preclin-
ical tumors can be quantitatively estimated 
using an assigned proportion of preclinical 
tumors among the detected cancer cases  
(eAppendix; http://links.lww.com/EDE/
B28). According to the pathological details 
of the 96 thyroid cancer cases operated at 
Fukushima Medical University, released 
on August 31, 2015,21 only eight cases 
(8%) were free of lymph node metastasis, 
extrathyroidal extension, and/or distant 
metastasis. Although suggested by some 
letters,2–5,7,8 a screening effect due to pre-
clinical or slow-growing tumors can be 
excluded as a plausible interpretation.

Third, we discuss the issues of 
dose–response relationship and individ-
ual radiation doses. As for the relatively 
low risk estimates in the nearest area to 
the accident, we should consider the effect 

contaminated areas in Ukraine” using a 
linear excess relative risk model.14 Given 
the substantially larger sample size, how-
ever, direct estimation from ultrasound 
screening data among 47,203 examinees 
in the unexposed or relatively low con-
taminated areas in Ukraine would be more 
appropriate, where no cancer cases were 
detected (95% confidence interval: 0–78 
per million examinees),16–19 as shown 
in eTable 1 of our article.9 Furthermore, 
although disregarded by some of the  
letters,2–5 comparability, for example by 
age and diagnostic criteria, should be 
considered when using the findings from 
South Korea.15 Screening in South Korea 
was conducted among adults with differ-
ent diagnostic criteria from Fukushima, 
where one quarter of surgical patients had 
tumors less than 5.0 mm in diameter,15 
whereas no cancers in this size range were 
detected in Fukushima. Takamura4 pre-
sented another example of inappropriate 
comparison with the all-school screening 
program started at Okayama University, 
Japan in 2012. Although the Okayama 
study did detect three thyroid cancer cases 
by palpation among 2,307 freshmen (ages 
18 or older) in 2012, no other cases were 
detected among the total of 36,927 stu-
dents enrolled between 2012 and 2015.

１年　双相	
  
２年　中通り	
  
	
  
	
  
	
  
３年	


有病割合のオッズ比（POR）は、双相地域で最も高くなり、汚染の低い会津や県北東部
の相馬市や新地町で低くなっている。放射性セシウムによる土壌汚染は低いものの。
放射性ヨウ素の通り道になったいわき市でも高くなっている。	
  
初期被ばくがほとんど計測されていないものの、疫学理論を駆使して分析を行うとここ
まで見えてくるという見本のような分析である。	
  
UNSCEARはこれを無視した。被ばく影響を見出す能力を欠いている。	
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外部比較	


内部比較	

福島県内の曝露レベルの高い地域の有病割合（発生率）	


福島県内の曝露レベルの低い地域の有病割合（発生率）	


自然放射線等にだけ曝露した場合の有病割合（発生率）	


津田論文[１７]は、内部比較と外部比較の両方を行っている。	
  
内部比較だけでは過小評価になることを実証している。	
  
いずれについても、影響の大きさを知るには、症例を数えるしかない。	


曝露あり	
 ⚪  ⚪  ⚪  ⚪  ⚪  ⚪ 
⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
⚫  ⚫  ⚫  ⚫  ⚫  ⚫  

曝露なし	
 #⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
#⚪  ⚪  ⚪  ⚪  ⚪  ⚫  

疾患あり	
 疾患なし	


曝露あり	
 #⚫  ⚫  ⚫  ⚫  ⚫  ⚫ 　　　　　　　　　　　 
 
                              6 

#⚪  ⚪  ⚪  ⚪  ⚪  ⚪ 
⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
                                     12 

曝露なし	
 #⚫  
 
                               1 

 ⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
 ⚪  ⚪  ⚪  ⚪  ⚪  ⚪  
 ⚪  ⚪  ⚪  ⚪  ⚪  　     17 

オッズ比	
  
=(6/12)/(1/17)	
  
=8.5	
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因果関係の有無	


疾患あり	
 疾患なし	


曝露あり	
 a 人 b 人 

曝露なし	
 c 人 d 人 

オッズ	


a/b 

c/d 

オッズ比	
 =(a/b)/(c/d)	
  =	
  ad/bc	
  
オッズ比OR（Odds	
  RaUo）は正の値のみをもつので、lnOR（オッズ比の自然対数）が正規
分布に従うと考える。	
  

	
  lnORの95%信頼区間 	
   	
   	
   	
  lnOR	
  ±	
  1.96（lnORの標準偏差）	
  
	
   	
  オッズ比の下限 	
   	
  =	
  exp{lnOR	
  -­‐	
  1.96（lnORの標準偏差）}	
  
	
   	
  オッズ比の上限 	
   	
  =	
  exp{lnOR	
  +	
  1.96（lnORの標準偏差）}	
  

『市民のための疫学入門』津田敏秀　緑風出版（2003）p.138.	
  
『ロスマンの疫学（第２版）』K.	
  J.	
  Rothman	
  篠原出版新社（2013）p.238.	


（lnORの標準偏差）=	
SE[lnOR]= 1
a
+
1
b
+
1
c
+
1
d

疫学の基礎	
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 津田論文[17]	


因果関係の有無	
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middle area, and 16 (95% CI = 10, 24) in the least contami-
nated area for which the secondary examination of cytology-
positive cases is incomplete.

The highest IRR in the external comparisons was 
observed in the central middle district of the prefecture, 50 to 
60 km west from the Fukushima power plant, where residents 
were not evacuated (IRR based on positive cytology was 50; 
95% CI = 25, 90). Prevalence in the district was 605 cases per 
million examinees (95% CI = 302, 1,082), and the POR com-
pared with the southeastern least contaminated district was 
2.6 (95% CI = 0.99, 7.0).

Although the second round of screening that began in 
the 2014 fiscal year was not included in the tables, the num-
bers of subjects were as follows: total subjects, 218,397; actu-
ally screened, 106,068 (49%); among them, for 75,311 (71%), 
it had already been decided whether the secondary exami-
nation was necessary or not; positives in the screening, 611 
(0.8%); examined in the secondary examination, 377 (62% of 
the positives); finally diagnosed by the secondary examina-
tion, 262 (70%); examined by fine needle aspiration, 22 (8%), 
and detected eight new thyroid cancer cases by cytology up to 
December 31, 2014. All of the eight cancer cases (four males 
and four females with ages at the accident ranging from 6 to 
17 years at the time of the accident in 2011) underwent the 
first round screening. In three among the eight cases, a ≤5.0-
mm nodule and/or a ≤20.0-mm cyst were detected in the first 
round. The one cancer case was already operated on (histo-
logical type was papillary carcinoma). Mean age of the cases 
in 2011 was 12.1 ± 3.4 years in the second round, whereas it 
was 14.8 ± 2.6 years in the first round. Even under the assump-
tion that the remaining 75,303 (75,311 minus 8 cancer cases) 
are disease free, an excess IRR for external comparison with 3 
years as a latent duration which was maximum time since the 
first round was observed (12, 95% CI = 5.1, 23).

DISCUSSION
Although precise measurements of both external and 

internal radiation exposure in Fukushima were not obtained, 
in external comparison, we observed an approximately 30-fold 
increase in the number of thyroid cancer cases among children 
and adolescents using the area/district of residence to provide 
a surrogate for exposure information (Table 2). In the early 
reports on excess thyroid cancer from Chernobyl, place and 
time were also used as a proxy for exposure information.24–26 
Excesses of thyroid cancer in the central middle district by 
both external and internal comparison were observed, although 
the PORs were relatively lower. The finding that southernmost 
districts within the middle and the least contaminated areas 
had higher IRRs than the northernmost districts was consistent 
with the flow of 131I being primarily in a southern direction 
from the Fukushima release.

By considering the prevalence (detected cases per 
1,000,000), IRRs in Table 2, and years between the accident and 
screening—4 to16 years in Chernobyl and less than 4 years in 
Fukushima—we could infer that the incidence of thyroid cancer 
in Fukushima rose more rapidly than expected based on the cumu-
lative attributable thyroid cancer risk over 15 years as estimated 
by the World Health Organization.5 The radiation burden to the 
thyroid in Fukushima Prefecture might have been considerably 
higher than estimated,4 as suggested by other measurements.12 
The variability of prevalence in Chernobyl may also result from 
variability in years between the accident and screening.

One concern is that the approximately 30-fold increase 
observed in the number of thyroid cancer cases in external 
comparison might be the result of a screening effect. This con-
cern is based on the potential presence of silent thyroid cancer 
among children and adolescents in the unscreened regions of 
Japan. However, the magnitude of the IRRs was too large to 
be explained only by this bias. Furthermore, according to the 

TABLE 2. 

Areas and Districts (1) to (9)
Prevalence of Thyroid Cancer 

Cases per 106 (95% CI)

Internal Comparison External Comparison

POR (95% CI) IRRa (95% CI)

Nearest area (1) (2011 fiscal year) 359 (201, 592) 1.5 (0.63, 4.0) 30 (17, 49)

Middle area (2012 fiscal year) 402 (304, 522) 1.7 (0.81, 4.1) 33 (25, 43)

    North middle district (2) 237 (123, 414) 1.0 (0.40, 2.7) 20 (10, 35)

    Central middle district (3) 605 (302, 1,082) 2.6 (0.99, 7.0) 50 (25, 90)

    Koriyama City district (4) 462 (299, 683) 2.0 (0.87, 4.9) 39 (25, 57)

    South middle district (5) 486 (210, 957) 2.1 (0.7, 6.0) 40 (17, 80)

Least contaminated area (2013 fiscal year) 332 (236, 454) – 28 (20, 38)

    Iwaki City district (6) 451 (282, 682) 1.9 (0.84, 4.8) 38 (24, 57)

    Southeastern least contaminated district (7) 236 (95, 486) 1 (reference) 20 (7.9, 41)

    Western least contaminated district (8) 305 (146, 561) 1.3 (0.49, 3.6) 25 (12, 47)

    Northeastern least contaminated district (9) 0 (0, 595) 0.00 (0.0, 2.6) 0.00 (0.0, 50)

aThe IRRs were based on diagnosis by cytology. When based on histologically confirmed cases that were operated on, the IRRs for external comparisons using a latent duration of 
4 years were 28 (95% CI = 15, 47) in the nearest area (excluding one benign case), 30 (95% CI = 22, 39) in the middle area, and 16 (95% CI = 10, 24) in the least contaminated area 
for which the secondary examination of cytology positive cases is incomplete.

内部比較　　　外部比較	


内部比較　　　外部比較	


疫学の伝統的な手法を用いたこの論文の価値をUNSCEARは理解できていない。	
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 内容の問題	


112.	
  このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関するデータの
本質的な部分には、以下のような不一致が見られる。	
  
(a)	
  Tsuda	
  et	
  al.	︎
  論文︎、放射線被ばく後、１年〜２年以内に過剰発生があったと報告し
ているが、チェルノブイリ原発事故後の調査および甲状腺へ ︎線量がより高かった他
の調査において、３年〜４年以内での過剰発生が見られていない。	
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permanently from the children’s subgroup. This transition causes the decrease in the incidence in thyroid 
cancers among the children of Belarus with the time. 

Thus, in order to establish real incidence rates of thyroid cancers for the children of Belarus one 
needs to determine the number of irradiated children in the children’s subgroup. Such data are given in the 
third column of Table 4. It is seen from this table that the number of irradiated children in Belarus 
decreased from 2.303 million in 1986 down to 0.223 million in 2000. 

The last group of the children with thyroid doses caused by iodine isotopes will move to the 
subgroup of adolescents and adults in the first 3 months of 2001. This group will include only the children 
that were irradiated in utero. It means that beginning from 2002 the incidence of thyroid cancers among 
the children of Belarus will be the same level as before the Chernobyl accident, or 1 case annually.  

For forecasting the number of thyroid cancers for 2001, the simplified procedure described in our 
previous publication [14] was used. It is based on a linear extrapolation between 2000 and 2002. The data 

Table 3. Incidence of thyroid cancers among children of Belarus after the Chernobyl accident. 

Year Observed Expected Observed -
Expected SIR 

1987 4 1 3 4 
1988 5 1 4 5 
1989 7 1 6 7 
1990 29 1 28 29 
1991 59 1 58 59 
1992 66 1 65 66 
1993 79 1 78 79 
1994 82 1 81 82 
1995 91 1 90 91 
1996 84 1 83 84 
1997 66 1 65 66 
1998 54 1 53 54 
1999 49 1 48 49 
2000 31 1 30 31 

1987-2000 706 1 692 50.4 
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Fig. 1. Number of thyroid cancer incidence among the children of Belarus. 
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permanently from the children’s subgroup. This transition causes the decrease in the incidence in thyroid 
cancers among the children of Belarus with the time. 

Thus, in order to establish real incidence rates of thyroid cancers for the children of Belarus one 
needs to determine the number of irradiated children in the children’s subgroup. Such data are given in the 
third column of Table 4. It is seen from this table that the number of irradiated children in Belarus 
decreased from 2.303 million in 1986 down to 0.223 million in 2000. 

The last group of the children with thyroid doses caused by iodine isotopes will move to the 
subgroup of adolescents and adults in the first 3 months of 2001. This group will include only the children 
that were irradiated in utero. It means that beginning from 2002 the incidence of thyroid cancers among 
the children of Belarus will be the same level as before the Chernobyl accident, or 1 case annually.  

For forecasting the number of thyroid cancers for 2001, the simplified procedure described in our 
previous publication [14] was used. It is based on a linear extrapolation between 2000 and 2002. The data 

Table 3. Incidence of thyroid cancers among children of Belarus after the Chernobyl accident. 

Year Observed Expected Observed -
Expected SIR 

1987 4 1 3 4 
1988 5 1 4 5 
1989 7 1 6 7 
1990 29 1 28 29 
1991 59 1 58 59 
1992 66 1 65 66 
1993 79 1 78 79 
1994 82 1 81 82 
1995 91 1 90 91 
1996 84 1 83 84 
1997 66 1 65 66 
1998 54 1 53 54 
1999 49 1 48 49 
2000 31 1 30 31 

1987-2000 706 1 692 50.4 
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Fig. 1. Number of thyroid cancer incidence among the children of Belarus. 

h^p://www.rri.kyoto-­‐u.ac.jp/NSRG/reports/kr79/kr79pdf/Malko2.pdf	
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Abstract 

Assessment of incidence and mortality for thyroid cancers carried out for the Belarusian 
population is described in the present report. It is found that in the period of 1987-2000 about 4,400 
radiation-induced thyroid cancers appeared in Belarus: 692 cancers among children and 3,709 
cancers among adolescents and adults. The number of lethal thyroid cancers in this period of time 
in Belarus was assessed as about 350 cases. The excessive absolute risk, EAR, of thyroid cancer 
incidence assessed for the period of 1987-2000 on the basis of given data on the morbidity and the 
assessed collective thyroid dose of irradiation is (2.5 – 5.0) per 104 PYGy. The EAR value of 
thyroid cancer mortality is assessed as (0.20 - 0.40) per 104 PYGy. The excessive relative risk, ERR, 
of thyroid cancer incidence is assessed as (11.2 – 22.4)/Gy. The radiation risks of thyroid cancers 
found in the present report are higher than the risk coefficients established for atomic bomb 
survivors that were irradiated with dose rates some thousand times higher than populations of 
Belarus affected by the Chernobyl accident. The absence of marked latency period is another 
feature of radiation-induced thyroid cancers caused in Belarus as a result of this accident. 

 
 
INTRODUCTION 

As a result of the Chernobyl accident a large amount of radioactive substances escaped from the 
destroyed reactor. Especially high release was in case of volatile radionuclides. According to the existing 
assessments about 50% of the 131I isotope inventory came into the environment [1]. This caused the 
radioactive contamination of many countries of the Northern Hemisphere [2]. However, the main fraction 
of radioactive materials released by the accident deposited in Belarus. The total amount of the 131I 
deposited in Belarus is assessed as approximately 3.3⋅1017 Bq or about 18.5% of the total amount of 131I 
that escaped from the Chernobyl reactor [3]. Practically the whole territory of Belarus was contaminated 
with this and other iodine isotopes. This resulted in very high doses delivered to thyroid gland of a large 
amount of people in Belarus. It is well known that the highest thyroid doses in Belarus were received by 
the inhabitants of the south districts of the Gomel region and of the southeast districts of the Brest region 
[4]. According to the data of Yu.Gavrilin et al.[4], the arithmetic mean thyroid dose in the age group 0-6 
years of the children living in settlements of the Khoiniki district settled in the 30-km zone was about 4.7 
Gy and maximal doses were about 50 Gy. Very high thyroid doses were received also by the inhabitants 
of Brest and Mogilev regions. This is the reason for a very high increase in the thyroid cancer incidence in 
Belarus after the Chernobyl accident, especially among the children of Gomel and Brest regions. 

V.Kazakov, E.Demidchik and L.N.Astakhova [5] published the first reliable data on the significant 
increase in the thyroid cancer morbidity among the children of Belarus after the Chernobyl accident. 
However, specialists met these data with a big skepticism. There were serious reasons for this skepticism. 
At first, the data of [5] have shown an unusual short latent period of about 2-3 years. At second, no similar 
data about the increase in the incidence of thyroid cancer among the children of the affected areas of the 
Ukraine and Russia were known at the time of publication [5]. This was very strange because all 
specialists believed that the Ukraine was affected by the Chernobyl accident more significantly than 
Belarus. It is now clear that such assumption was fully incorrect. 事故の翌年から発症数が期待値を超えている。1990年頃からエコー検査が行われるよ
うになったので、1990年からの急増はスクリーニング効果。	
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112.	
  このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関するデータの
本質的な部分には、以下のような不一致が見られる。	
  	
  
(b)	
  FHMS	
   ︎おける甲状腺がんはすべて、放射線被ばく時 ︎６歳〜１８歳の年齢層で発生
しているが、他の調査では甲状腺 がんの誘発は小児早期（５歳未満）に被ばくした
年齢層で最も多く発生している。	
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Age at exposure 

Period of latency 

S. Suzuki, FMU 

After Period 
 of latency 

2016年9月の国際専門家会議での鈴木眞一教授（福島医科大）の発表資料	


チェルノブイリ
でも５歳以下
に多発が見ら
れだしたのは
事故から４年
以上経過して
から。事故直
後の年齢依存
性は極めてよ
く一致している。	
  
UNSCEARの事
実誤認である。	
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112.	
  このほかにも、Tsuda	
  et	
  al.と小児の放射線誘発甲状腺がんに関するデータの
本質的な部分には、以下のような不一致が見られる。	
  
	
  (c)	
  測定された甲状腺の線量は、報告された高有病率と整合するには低すぎる [T6,	
  
W2]。	


福島では被ばく線量は真面に測れていない。測れてもいない線量をベース
に議論するのは科学でもなんでもない。むしろ疫学の示す結果に応じた被ば
くがあったと考えるのが科学的・現実的な考え方である。	
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左の図はチェルノブイリ事故後の測定値と
シミュレーションによる推定値との関係を示
しているが、オーダーが一致すればまだマ
シな方である。原発事故後に住民個々人の
被ばく線量を精度よく計測することは不可能
である。人類はすでに２度も失敗したし、今
現在も準備が出来ていない。	
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Our criteria to avoid overdiagnosis 

Solid lesion 1) 

≤ 5 mm 

Observational 
follow-up 2) 

> 5 mm- 

≤  10 mm 

Strongly 
suspicious for 
malignancy 3) 

Observational 
follow-up  

FNAC 

> 10 mm- 

≤ 20 mm 

Suspicious for 
malignancy 

Observational 
follow-up  

FNAC 

> 20 mm 

FNAC 

S. Suzuki Clinical Oncol. 2016 S Suzuki, et al 2016:63:315-321 
S. Suzuki, FMU 

FNAC：穿刺細胞診	
  

2016年9月の国際専門家会議での鈴木眞一教授（福島医科大）の発表資料	


福島医科大では、例えば、5	
  mmより小さな結節は経過観察しており、過剰診断になら
ないためのルールが備わっている。この事実は津田回答[16]で指摘するもUNSCEAR
は無視。	


まとめ	
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2016年9月の国際専門家会議での鈴木眞一教授（福島医科大）の発表資料	


cT            1a     44 (35.2%)   
                1b     57 (45.6%) 
                 2      12 (9.6%) 
                 3      12 (9.6%)     
cN             0      97 (77.6%) 
                 1a      5 ( 4.0%) 
                 1b    23 (18.4%) 
cEx            0    106 (74.8%) 
                  1      19 (15.2%) 
                  2        0 
 M       0    122 (97.6%) 
            1        3 ( 2.4%) 

cT1 101 (80.8%) 

cN1 28 (22.4%) 

Preoperative findings  n=125  

cEx+ 19(15.2%) 

cT1a (< 10mm) cN0M0 44 
(35.2%) 
 

・Suspect   of 
    EX 1 or 2                20 
    N1a                           3 
    RLN invasion         10 
    trachea invasion    7 
    Graves disease       1 
    GGO (lung)              1 
 

・Hope                          11 
S. Suzuki, FMU 

手術前	


腫瘍サイズ	


リンパ節転移	


甲状腺外進展	
  

遠隔転移	
  

• pT   1a        43 (34.4%) 
                  1b        31 (24.8%) 
          2           2 (  1.6%) 
                    3        49 (39.2%) 
                    4         0 
• pEx         0       75  (  60%) 
                    1       49  (39.2%) 
                    2         0 
                    x          1  (  0.8%) 
• pN          0        28 (22.4%) 
                   1a       76 (60.8%) 
                   1b       21 (16.8%) 
 
 

Postoperative findings  

pT1 74 (59.2%) 

pN1 97 (77.6%) 

pEX+ 49 (40%) 

S. Suzuki, FMU 
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• pT   1a        43 (34.4%) 
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                    1       49  (39.2%) 
                    2         0 
                    x          1  (  0.8%) 
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                   1a       76 (60.8%) 
                   1b       21 (16.8%) 
 
 

Postoperative findings  

pT1 74 (59.2%) 

pN1 97 (77.6%) 

pEX+ 49 (40%) 

S. Suzuki, FMU 

125例のうち、78％でリンパ節転移が認められ、40%で甲状腺外進展があった。手術前に
微小がん（cT1acN0M0）と診断されていた44例のうち33例が、甲状腺外進展(1)、リンパ節
転移(1)、反回神経侵襲(10)、気管侵襲(7)、パセドウ病(1)、肺のすりガラス陰影(1)などの手
術適応。33例中3例のみがpT１apN0pEx0。肺の遠隔転移(3)。過剰診断となる手術は極め
て少ない。この事実は津田回答[16]で指摘するもUNSCEARは無視。	


手術後	


まとめ	
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まとめ	


For personal use. Only reproduce with permission from The Lancet Publishing Group.

RESEARCH LETTERS

in 9472 children born between Jan 1, 1987, and Dec 31, 1989
(group I), whereas one (0·04%) was identified in 2409
children born between April 27, 1986, and Dec 31, 1986
(group II), and 31 (0·32%) in 9720 born between Jan 1,
1983, and April 26, 1986 (group III). 

Our results showed a significant (p=0·006) effect of
exposure to fallout after Chernobyl in the frequency of thyroid
cancer in the three groups after adjustment for sex and age.
The estimated odds ratios of the frequency of thyroid cancer
in group III and group II, compared with that in group I, were
121 (95% CI 9–31 000) and 11 (3–176), respectively.

Since the design of our investigation was school based,
differences in environmental factors after the accident were
judged to be small. The major difference in background was
that children in group I (born after the accident) were not
exposed to fallout, whereas those in groups II and III were
probably exposed to fallout in utero or directly, respectively.

We conclude that thyroid cancers detected in children after
the Chernobyl accident were likely to have been caused by
direct external or internal exposure to short-lived radioactive
fallout, such as 131I (half-life 8·04 days) and 133I (20·8 hours).
Children exposed to the Chernobyl accident at a young age—
up to 10 years—are at high risk for thyroid cancer.
Establishment of a global support system to provide careful
and continuous follow-up is urgently needed.

The study was funded by the Nippon Foundation through the Sasakawa
Memorial Health Foundation.
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conclusions about the exact effect of the Chernobyl accident
on thyroid glands in children.

To overcome the shortage of accurate dosimetry data for
individual children, we investigated children born before and
after the Chernobyl accident, on the basis of the hypothesis
that if children’s thyroid glands were affected by the accident,
the occurrence of thyroid diseases, especially thyroid cancer,
would be significantly and selectively higher in those born
before than in those born after the event. 

To keep study bias to a minimum, while at the same time
maintaining statistical power, we screened children born from
Jan 1, 1983, to Dec 31, 1989, and who were living in the
districts of Rechitskii, Loevskii, Gomelskii, and Hoynikskii,
and Gomel City, in the Gomel region of Belarus. These areas
are within a radius of 150 km from the Chernobyl nuclear
power plant. Between February 2, 1998, and December 22,
2000, we did health screening at all schools in the four
districts, but in Gomel city we sampled seven schools with an
enrolment of over 1000 by the stratified random sampling
procedure. Thus, we examined all the targeted children in the
four districts and about 10% of those in Gomel city.

The study was approved by the Ministry of Health of
Belarus and Gomel Regional Health Department, and the
health examination of children was done by staff at the Gomel
Specialised Medical Dispensary, according to the law of
Belarus. The health examination was undertaken at schools in
the four regions and Gomel City, as described, and we
understand that the aim of the study was explained to parents
through the schoolteachers.

We examined thyroid glands by ultrasound, and we
measured serum concentrations of thyroid-stimulating
hormone, free thyroxine, and thyroid peroxidase antibody.
We did ultrasound examinations on a Logic !100 machine
(7·5 MHz) equipped with a digital image recorder (GE
Yokogawa Medical Systems, Tokyo, Japan). Children with
thyroid ultrasonographs showing nodules greater than 5 mm
in diameter or abnormal echogenicity underwent echoguided
fine-needle aspiration biopsy. 

To reach a final diagnosis in suspected cases, we sent
ultrasonographs, microscopic cytology of biopsy specimens,
results of thyroid examinations, and other relevant
information to Nagasaki University School of Medicine via a
telemedicine system that we have developed.5 All patients
underwent surgery at the Thyroid Oncology Centre in Minsk,
and the diagnosis was confirmed histologically. All cancers
were papillary adenocarcinoma. 13 patients had surgery
before screening—ie, from October, 1993, to January, 1998.
Logistic regression analysis was done with the SAS program
(version 6.12), with sex, age, and time of birth (before or after
the Chernobyl incident) as covariates.

We examined a total of 21 601 children and detected 32
(0·15%) thyroid cancers (table). No thyroid cancer was seen
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Group I (born Jan 1, Group II (born April 27, Group III (born Jan 1, 
1987 to Dec 31, 1989) 1986 to Dec 31, 1986) 1983 to April 26, 1986)

Boys Girls Boys Girls Boys Girls

Age at examination (years)
8 0/67 0/75 ·· ·· ·· ··
9 0/651 0/667 ·· ·· ·· ··
10 0/1383 0/1287 ·· ·· ·· ··
11 0/1523 0/1457 0/156 0/149 0/28 0/26
12 0/897 0/858 0/501 0/406 0/333 1/345 (0·29%)
13 0/305 0/302 0/437 1/437 (0·23%) 1/989 (0·10%) 6/906 (0·66%)
14 ·· ·· 0/164 0/159 2/1449 (0·14%) 6/1460 (0·41%)
15 ·· ·· ·· ·· 3/1339 (0·22%) 9/1319 (0·68%)
16 ·· ·· ·· ·· 0/579 2/754 (0·27%)
17 ·· ·· ·· ·· 1/93 (1·1%) 0/100
Total 0/4826 0/4646 0/1258 1/1151 (0·09%) 7/4810 (0·15%) 24/4910 (0·49%)

Data are number of thyroid cancers/number of children examined (%).

Frequency of thyroid cancer in the Gomel region of Belarus (1998–2000)
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smoking would account for 40–80% of the variability in FEV0·4

and MEF25. If an additional 10% of this variability were due to
cystic fibrosis, a sample of 90 controls and 30 patients would
be sufficient to detect this with at least 80% power at the 5%
significance level.

We recruited 36 of 44 eligible infants with cystic fibrosis,
over 18 months. Median age at diagnosis was 9 weeks (range
0–55), and 21 (60%) infants were homozygous for ∆F508.
Airway function was measured in 33 patients with cystic
fibrosis and 87 controls. Infants with cystic fibrosis, although
older, were of similar length and weight to the controls when
tested (table 1). After adjustment for body size, sex, and
maternal smoking, airway function was significantly
diminished in infants with cystic fibrosis, in whom FEV0·4 was
on average 41·6 mL lower (95% CI –54·1 to –29·0) and
MEF25 was 78·0 mL/s lower (–112 to –44·5) than for controls.
We noted similar reductions when we analysed those with
(n=21) and without (n=12) clinically recognised previous
respiratory illness separately (table 2). We did not identify any
associations between genotype and airway function.

Our findings indicate that airway function is reduced at an
early stage in infants with cystic fibrosis. After adjustment for
sex, smoking, and body size, FEV0·4 and MEF25 were
significantly diminished in infants with cystic fibrosis even in
the absence of clinically recognised lower respiratory illness.
Researchers have tried to identify early lung function changes
in cystic fibrosis, but their study results have been difficult to
interpret because of small numbers of patients, lack of
appropriate control data, and use of relatively insensitive
methods.2 In our study, London-wide collaboration allowed
larger numbers of patients and a concurrent prospective
control group to be recruited over a short period. 

Pulmonary inflammation typical of cystic fibrosis has been
noted in infants as young as age 4 weeks,1 and is the most
likely mechanism underlying impaired airway function in
infancy. We cannot say for certain whether diminished airway
function precedes infection, but our results suggest that lung
function might be reduced even in the absence of clinically
recognised respiratory infection. Bronchoalveolar lavage might
have identified occult infection and inflammation, but this
procedure is not routine in London centres. Infants with cystic
fibrosis were small for their age at the time that we tested
them. Nutritional influences on lung development have been
identified and could theoretically have resulted in diminished
airway function in these infants. 

Our findings have implications for the timing and nature of
therapeutic interventions in cystic fibrosis. Pulmonary
function tests in early infancy could be useful as objective
outcome measures for such experimental therapeutic inter-
ventions. We have shown that airway function parameters,
derived from the raised volume technique, discriminate well
between healthy and affected infants. Furthermore, they
provide variables comparable to spirometric indices from
school-aged children, which will be of value in assessment of
the longer-term implications of diminished airway function in
infancy. We are doing repeat assessments in this cohort to
establish whether reduced airway function persists or
improves. Our findings raise intriguing and important
questions about the onset and natural history of impaired
airway function in infants with cystic fibrosis.
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The Chernobyl nuclear power plant accident happened on April
26, 1986. We investigated the cause of the striking increase in
frequency of thyroid cancer in children who lived within a
150 km radius of Chernobyl and who were born before and after
the accident. No thyroid cancer was seen in 9472 children born
in 1987–89, whereas one and 31 thyroid cancers were recorded
in 2409 children born April 27, 1986, to Dec 31, 1986, and
9720 born Jan 1, 1983, to April 26, 1986, respectively. Short-
lived radioactive fallout caused by the Chernobyl accident
probably induced thyroid cancer in children living near
Chernobyl.

Lancet 2001; 358: 1965–66

The Chernobyl nuclear power plant accident of April 26,
1986, resulted in the release into the atmosphere of
radionuclides of about 8 EBq, including 131I (1·2–1·7 EBq)
and 133I (2·5 EBq). Surface deposition of 137Cs greater than
185 kBq/m2 was recorded in 16 500 km2 of Belarus, 8100 km2

of the Russian Federation, and 4600 km2 of the Ukraine.1 A
striking increase in childhood thyroid cancer has been
reported since the Chernobyl accident,2 but the cause of this
increase is controversial. The first Chernobyl Sasakawa
Project, a health screening programme done from May, 1991,
to April, 1996, was a reliable and comparable programme,
finding a total of 62 thyroid cancers in about 120 000
children,3 with 37 thyroid cancers in about 19 000 children4 in
the Gomel region of Belarus alone. However, scarcity of
reliable estimates of individual thyroid dose has hindered
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smoking would account for 40–80% of the variability in FEV0·4

and MEF25. If an additional 10% of this variability were due to
cystic fibrosis, a sample of 90 controls and 30 patients would
be sufficient to detect this with at least 80% power at the 5%
significance level.

We recruited 36 of 44 eligible infants with cystic fibrosis,
over 18 months. Median age at diagnosis was 9 weeks (range
0–55), and 21 (60%) infants were homozygous for ∆F508.
Airway function was measured in 33 patients with cystic
fibrosis and 87 controls. Infants with cystic fibrosis, although
older, were of similar length and weight to the controls when
tested (table 1). After adjustment for body size, sex, and
maternal smoking, airway function was significantly
diminished in infants with cystic fibrosis, in whom FEV0·4 was
on average 41·6 mL lower (95% CI –54·1 to –29·0) and
MEF25 was 78·0 mL/s lower (–112 to –44·5) than for controls.
We noted similar reductions when we analysed those with
(n=21) and without (n=12) clinically recognised previous
respiratory illness separately (table 2). We did not identify any
associations between genotype and airway function.

Our findings indicate that airway function is reduced at an
early stage in infants with cystic fibrosis. After adjustment for
sex, smoking, and body size, FEV0·4 and MEF25 were
significantly diminished in infants with cystic fibrosis even in
the absence of clinically recognised lower respiratory illness.
Researchers have tried to identify early lung function changes
in cystic fibrosis, but their study results have been difficult to
interpret because of small numbers of patients, lack of
appropriate control data, and use of relatively insensitive
methods.2 In our study, London-wide collaboration allowed
larger numbers of patients and a concurrent prospective
control group to be recruited over a short period. 

Pulmonary inflammation typical of cystic fibrosis has been
noted in infants as young as age 4 weeks,1 and is the most
likely mechanism underlying impaired airway function in
infancy. We cannot say for certain whether diminished airway
function precedes infection, but our results suggest that lung
function might be reduced even in the absence of clinically
recognised respiratory infection. Bronchoalveolar lavage might
have identified occult infection and inflammation, but this
procedure is not routine in London centres. Infants with cystic
fibrosis were small for their age at the time that we tested
them. Nutritional influences on lung development have been
identified and could theoretically have resulted in diminished
airway function in these infants. 

Our findings have implications for the timing and nature of
therapeutic interventions in cystic fibrosis. Pulmonary
function tests in early infancy could be useful as objective
outcome measures for such experimental therapeutic inter-
ventions. We have shown that airway function parameters,
derived from the raised volume technique, discriminate well
between healthy and affected infants. Furthermore, they
provide variables comparable to spirometric indices from
school-aged children, which will be of value in assessment of
the longer-term implications of diminished airway function in
infancy. We are doing repeat assessments in this cohort to
establish whether reduced airway function persists or
improves. Our findings raise intriguing and important
questions about the onset and natural history of impaired
airway function in infants with cystic fibrosis.
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in 1987–89, whereas one and 31 thyroid cancers were recorded
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and 133I (2·5 EBq). Surface deposition of 137Cs greater than
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of the Russian Federation, and 4600 km2 of the Ukraine.1 A
striking increase in childhood thyroid cancer has been
reported since the Chernobyl accident,2 but the cause of this
increase is controversial. The first Chernobyl Sasakawa
Project, a health screening programme done from May, 1991,
to April, 1996, was a reliable and comparable programme,
finding a total of 62 thyroid cancers in about 120 000
children,3 with 37 thyroid cancers in about 19 000 children4 in
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smoking would account for 40–80% of the variability in FEV0·4

and MEF25. If an additional 10% of this variability were due to
cystic fibrosis, a sample of 90 controls and 30 patients would
be sufficient to detect this with at least 80% power at the 5%
significance level.

We recruited 36 of 44 eligible infants with cystic fibrosis,
over 18 months. Median age at diagnosis was 9 weeks (range
0–55), and 21 (60%) infants were homozygous for ∆F508.
Airway function was measured in 33 patients with cystic
fibrosis and 87 controls. Infants with cystic fibrosis, although
older, were of similar length and weight to the controls when
tested (table 1). After adjustment for body size, sex, and
maternal smoking, airway function was significantly
diminished in infants with cystic fibrosis, in whom FEV0·4 was
on average 41·6 mL lower (95% CI –54·1 to –29·0) and
MEF25 was 78·0 mL/s lower (–112 to –44·5) than for controls.
We noted similar reductions when we analysed those with
(n=21) and without (n=12) clinically recognised previous
respiratory illness separately (table 2). We did not identify any
associations between genotype and airway function.

Our findings indicate that airway function is reduced at an
early stage in infants with cystic fibrosis. After adjustment for
sex, smoking, and body size, FEV0·4 and MEF25 were
significantly diminished in infants with cystic fibrosis even in
the absence of clinically recognised lower respiratory illness.
Researchers have tried to identify early lung function changes
in cystic fibrosis, but their study results have been difficult to
interpret because of small numbers of patients, lack of
appropriate control data, and use of relatively insensitive
methods.2 In our study, London-wide collaboration allowed
larger numbers of patients and a concurrent prospective
control group to be recruited over a short period. 

Pulmonary inflammation typical of cystic fibrosis has been
noted in infants as young as age 4 weeks,1 and is the most
likely mechanism underlying impaired airway function in
infancy. We cannot say for certain whether diminished airway
function precedes infection, but our results suggest that lung
function might be reduced even in the absence of clinically
recognised respiratory infection. Bronchoalveolar lavage might
have identified occult infection and inflammation, but this
procedure is not routine in London centres. Infants with cystic
fibrosis were small for their age at the time that we tested
them. Nutritional influences on lung development have been
identified and could theoretically have resulted in diminished
airway function in these infants. 

Our findings have implications for the timing and nature of
therapeutic interventions in cystic fibrosis. Pulmonary
function tests in early infancy could be useful as objective
outcome measures for such experimental therapeutic inter-
ventions. We have shown that airway function parameters,
derived from the raised volume technique, discriminate well
between healthy and affected infants. Furthermore, they
provide variables comparable to spirometric indices from
school-aged children, which will be of value in assessment of
the longer-term implications of diminished airway function in
infancy. We are doing repeat assessments in this cohort to
establish whether reduced airway function persists or
improves. Our findings raise intriguing and important
questions about the onset and natural history of impaired
airway function in infants with cystic fibrosis.
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frequency of thyroid cancer in children who lived within a
150 km radius of Chernobyl and who were born before and after
the accident. No thyroid cancer was seen in 9472 children born
in 1987–89, whereas one and 31 thyroid cancers were recorded
in 2409 children born April 27, 1986, to Dec 31, 1986, and
9720 born Jan 1, 1983, to April 26, 1986, respectively. Short-
lived radioactive fallout caused by the Chernobyl accident
probably induced thyroid cancer in children living near
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The Chernobyl nuclear power plant accident of April 26,
1986, resulted in the release into the atmosphere of
radionuclides of about 8 EBq, including 131I (1·2–1·7 EBq)
and 133I (2·5 EBq). Surface deposition of 137Cs greater than
185 kBq/m2 was recorded in 16 500 km2 of Belarus, 8100 km2

of the Russian Federation, and 4600 km2 of the Ukraine.1 A
striking increase in childhood thyroid cancer has been
reported since the Chernobyl accident,2 but the cause of this
increase is controversial. The first Chernobyl Sasakawa
Project, a health screening programme done from May, 1991,
to April, 1996, was a reliable and comparable programme,
finding a total of 62 thyroid cancers in about 120 000
children,3 with 37 thyroid cancers in about 19 000 children4 in
the Gomel region of Belarus alone. However, scarcity of
reliable estimates of individual thyroid dose has hindered

（訳）チェルノブイリ原発事故は1986年4月26日に発生した。我々はチェルノブイリの150	
  
km圏内に住み事故の前と後に生まれた子供らの甲状腺がんの頻度の著しい増加の原
因を調査した。1987年から89年に生まれた9,472人の子供らには甲状腺がんはなかった
が、1986年4月27から12月31日までに生まれた2,049人にはひとりに、1983年1月1日か
ら1986年4月26日までに生まれた9720人には31人に甲状腺がんが見つかった。チェルノ
ブイリ原発事故による短寿命の放射性降下物がチェルノブイリ近郊に住む子供らの甲
状腺がんをもたらしたのであろう。　　　　　　　　10,000人の子供らの甲状腺検査をしても
ひとりも見つからないレベルが事故に関係ないレベルであると理解されていた。	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


112　このような弱点と不一致があるため、本委員会は、Tsuda	
  et	
  al.	︎
  よる調査が 
2013	
  年報告書の知見に対する重大な異議であるとはみなしていない。 	


まとめ	


UNSCEARの担当者は論文のレビューに際して、学術誌内部の審査と議論の経過
を正しく追跡していない。予断を持って臨んでおり、科学の営みを妨害している。	
  
	
  
特に、津田回答[16]を引用しておきながら中身を全く検討していない。不真面目で
あり、不誠実である。	
  
	
  
UNSCEARの担当者は疫学についての素養を欠いており、論文の内容を読み込め
ていない。放射線が人類に与える影響に関して国連総会に報告するというミッショ
ンに対して、全くふさわしく無い人物は交代させるべきである。	
  
	
  
UNSCEARの報告書を、各国政府や世界中の機関が、放射線リスクを評価し防護
対策を確立するための科学的な基礎として信頼している現状は人類の健康にとっ
て危険である。日本学術会議や福島県県民健康調査検討委員会もまたそれに毒
されている。根拠のない権威主義からの脱却が必要である。	
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甲状腺検査結果の状況 

 

１ 先行検査（平成 29年 3月 31日集計）【実施年度：平成 23年度～25年度】 

一次検査（平成 27年 4月 30日検査終了） 

・ 対象者数  367,649人 

  ・ 受診者数  300,473人（受診率  81.7%） 

  ・ 結果判定数 300,473人（判定率 100.0%） 

  ・ 判定区分別内訳 

 

 

 

 

 

二次検査（平成 29年 3月 31日現在） 

・ 対象者数  2,293人 

・ 受診者数  2,130人（受診率 92.9%） 

・ 結果判定数 2,090人（確定率 98.1%） 

うち、穿刺吸引細胞診実施は 547人 

穿刺吸引細胞診等結果概要 

・悪性ないし悪性疑い 116人 

・男性：女性     39人：77人 

・平均年齢      17.3±2.7歳 （8-22歳）、震災当時14.9±2.6歳（6-18歳） 

・平均腫瘍径     13.9±7.8㎜（5.1-45.0 ㎜） 

 

◇ 細胞診で悪性ないし悪性疑いであった 116人の年齢、性分布 

    ［平成 23年 3月 11日時点の年齢による分布表］ 

 

 

 

 

 

 

 

 

 

 

[二次検査時点の年齢による分布] 

 

 

Ａ判定（Ａ１）：154,605人（51.5%） 

   （Ａ２）：143,574人（47.8%） 

Ｂ判定    ：  2,293人（ 0.8%） 

Ｃ判定    ：      1人（ 0.0%） 

1

参考資料3

0

2

4

6

8

10

12

14

16

18

20

22

24

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

女性

男性

(人)

(歳)

0

2

4

6

8

10

12

14

16

18

20

22

24

0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22

女性

男性

(人)

(歳)

甲状腺検査結果の状況 

 

１ 先行検査（平成 29年 3月 31日集計）【実施年度：平成 23年度～25年度】 

一次検査（平成 27年 4月 30日検査終了） 

・ 対象者数  367,649人 

  ・ 受診者数  300,473人（受診率  81.7%） 

  ・ 結果判定数 300,473人（判定率 100.0%） 

  ・ 判定区分別内訳 

 

 

 

 

 

二次検査（平成 29年 3月 31日現在） 

・ 対象者数  2,293人 

・ 受診者数  2,130人（受診率 92.9%） 

・ 結果判定数 2,090人（確定率 98.1%） 

うち、穿刺吸引細胞診実施は 547人 

穿刺吸引細胞診等結果概要 

・悪性ないし悪性疑い 116人 

・男性：女性     39人：77人 

・平均年齢      17.3±2.7歳 （8-22歳）、震災当時14.9±2.6歳（6-18歳） 

・平均腫瘍径     13.9±7.8㎜（5.1-45.0 ㎜） 

 

◇ 細胞診で悪性ないし悪性疑いであった 116人の年齢、性分布 

    ［平成 23年 3月 11日時点の年齢による分布表］ 
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Ａ判定（Ａ１）：154,605人（51.5%） 

   （Ａ２）：143,574人（47.8%） 

Ｂ判定    ：  2,293人（ 0.8%） 

Ｃ判定    ：      1人（ 0.0%） 
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２巡目	


２ 本格検査（検査 2回目）（平成 29年 6月 30日現在）【実施年度：平成 26年度～27年度】 

一次検査 

・ 対象者数  381,256人 

・ 受診者数  270,516人（受診率  71.0%） 

・ 結果判定数 270,515人（判定率 100.0%） 

・ 判定区分別内訳 

Ａ判定（Ａ１）：108,710人（40.2%） 

   （Ａ２）：159,578人（59.0%） 

Ｂ判定    ：  2,227人（ 0.8%） 

Ｃ判定    ：      0人（ 0.0%） 

 

二次検査 

・ 対象者数  2,227人 

・ 受診者数  1,844人（受診率 82.8%） 

・ 結果確定数 1,788人（確定率 97.0%） 

うち、穿刺吸引細胞診実施は 205人 

穿刺吸引細胞診等結果概要 

・悪性ないし悪性疑い 71人 

・男性：女性     32人：39人 

・平均年齢      16.9±3.2歳 （9-23歳）、震災当時12.6±3.2歳（5-18歳） 

・平均腫瘍径     11.1±5.6㎜（5.3-35.6 ㎜） 

 

◇ 細胞診で悪性ないし悪性疑いであった 71人の年齢、性分布 

      ［平成 23年 3月 11日時点の年齢による分布表］ 
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２ 本格検査（検査 2回目）（平成 29年 6月 30日現在）【実施年度：平成 26年度～27年度】 
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・ 受診者数  1,844人（受診率 82.8%） 

・ 結果確定数 1,788人（確定率 97.0%） 

うち、穿刺吸引細胞診実施は 205人 

穿刺吸引細胞診等結果概要 

・悪性ないし悪性疑い 71人 

・男性：女性     32人：39人 
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◇ 細胞診で悪性ないし悪性疑いであった 71人の年齢、性分布 
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３巡目	


 

３ 本格検査（検査 3回目）（平成 29年 12月 31日現在）【実施年度：平成 28年度～29年度】 

一次検査                                  ※継続中 

・ 対象者数  336,654人 

（25歳での検査対象者である平成 4・5年度生まれを除く） 

・ 受診者数  191,669人（受診率 56.9%） 

・ 結果判定数 179,038人（判定率  93.4%） 

・ 判定区分別内訳 

Ａ判定（Ａ１）： 63,314人（35.4%） 

   （Ａ２）：114,525人（64.0%） 

Ｂ判定    ：  1,199人（ 0.7%） 

Ｃ判定    ：      0人（ 0.0%） 

 

二次検査 

・ 対象者数  1,199人 

・ 受診者数    659人（受診率 55.0%） 

・ 結果確定数  573人（確定率 86.9%） 

うち、穿刺吸引細胞診実施は 31人 

穿刺吸引細胞診等結果概要 

・悪性ないし悪性疑い 10人 

・男性：女性     6人：4人 

・平均年齢      16.4±2.8歳（12-22歳）、震災当時10.7±2.7歳（6-16歳） 

・平均腫瘍径     14.0±7.2㎜（8.7-33.0 ㎜） 

 

◇ 細胞診で悪性ないし悪性疑いであった 10人の年齢、性分布 

    ［平成 23年 3月 11日時点の年齢による分布表］ 

 

   [二次検査時点の年齢による分布] 
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116
300, 473

=
386
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270,516
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1,000, 000

３年間	
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１年あたり	


１年あたり	


注意！継続的に増えている	


受診者数と経過年数を考慮すると	
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小児甲状腺がんの多発とUNSCEAR2016白書の非科学的性格	


県民健康調査「甲状腺検査【本格検査（検査 3回目）】」実施状況 

 

Ⅰ 調査概要 

１．目的  

子どもたちの健康を長期に見守るために、現時点での甲状腺の状態を把握するための先行

検査及び甲状腺の状態を継続して確認するための本格検査（検査 2回目）に引き続き、本格

検査（検査 3回目）を実施している。 

 

２．対象者 

先行検査における対象者（平成 4年 4月 2日から平成 23年 4月 1日までに生まれた福島県

民）に加え、本格検査（検査 2回目）から平成 23年 4月 2日から平成 24年 4月 1日までに

生まれた福島県民にまで拡大して検査を実施している。 

 

３．実施期間 

平成 28年 5月 1日から検査を開始し、20歳を超えるまでの対象者に、平成 28年度及び平

成 29年度の 2か年で市町村順に検査を実施し、それ以降は市町村順の枠組みをなくし、受診

者に対し受診時期を分かり易くするため、25歳、30歳等の 5年ごとの節目の検査を実施して

いる。ただし、25歳時の検査までは 5年以上空けないこととする。 

 

４．実施機関 

  福島県から委託を受けた福島県立医科大学が、対象者の利便性も考慮し、福島県内外の医

療機関等と連携して検査を実施している。（平成 29年 12月 31日現在の協定締結数） 
（１）一次検査 

(ⅰ) 県内検査実施機関 68か所 

(ⅱ) 県外検査実施機関 108か所 

 

 （２）二次検査 

(ⅰ) 県内検査実施機関 5か所（福島県立医科大学を含む） 

  (ⅱ) 県外検査実施機関 36か所 

 

５．検査方法 

（１）一次検査 

超音波画像診断装置により甲状腺の超音波検査を実施。 

     なお、検査の結果は、以下の基準により複数の専門医により判定している。 

  (ⅰ) A判定：A1、A2判定の場合は次回（平成 30年度以降）の一次検査を行う。 

（A1）結節やのう胞を認めなかった場合。 

          （A2）5.0㎜以下の結節や 20.0㎜以下ののう胞を認めた場合。 

  (ⅱ) B判定：B判定の場合は二次検査を実施している。 

5.1㎜以上の結節や 20.1㎜以上ののう胞を認めた場合。 

なお、A2の判定内容であっても、甲状腺の状態等から二次検査を要すると

判断した方については、B判定としている。 

  (ⅲ) C判定：C判定の場合は二次検査を実施している。 

甲状腺の状態等から判断して、直ちに二次検査を要する場合。 

③－1

資料3‐1H29.12.31.現在	


（６）地域別二次検査結果（平成 29年 12月 31日現在） 

   二次検査における悪性ないし悪性疑いの割合は、国が指定した避難区域等の 13市町村が

0.02%、中通り、浜通り及び会津地方でともに 0%である。 

 

 
 

注 1 田村市、南相馬市、伊達市、川俣町、広野町、楢葉町、富岡町、川内村、大熊町、双葉町、浪江

町、葛尾村、飯舘村 

注 2 福島市、郡山市、白河市、須賀川市、二本松市、本宮市、桑折町、国見町、大玉村、鏡石町、天

栄村、西郷村、泉崎村、中島村、矢吹町、棚倉町、矢祭町、塙町、鮫川村、石川町、玉川村、平

田村、浅川町、古殿町、三春町、小野町 

注 3 いわき市、相馬市、新地町 

注 4 会津若松市、喜多方市、下郷町、檜枝岐村、只見町、南会津町、北塩原村、西会津町、磐梯町、

猪苗代町、会津坂下町、湯川村、柳津町、三島町、金山町、昭和村、会津美里町 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

表10．地域別結果

一次検査受診者

(人)

ｱ

二次検査対象者

(人)

ｲ

二次検査対象者

の割合(%)

ｲ/ｱ

二次検査受診者

(人)
悪性ないし悪性

疑い（人）

ｳ

悪性ないし悪性

疑いの割合(%)

ｳ/ｱ

避難区域等
13市町村　注1 25,218 196 0.8 134 4 0.02

中通り　注2 120,162 721 0.6 463 6 0.00

浜通り　注3 19,587 139 0.7 37 0 0.00

会津地方　注4 26,702 143 0.5 25 0 0.00

合計 191,669 1,199 0.6 659 10 0.01

●　 早期に診察が必要と判断した方については優先的に二次検査を実施。

③－9

4
25,218

=
159

1,000, 000

３巡目	


まだ確定値ではない
が（68%）、既に高い。	


　有病割合（あるいは
発生率）が異常に高い。　　	
  
　そもそも、スクリーニ
ング効果だとすれば、
２巡目や３巡目では激
減する、あるいは、見
つからない。	
  
　ところが継続的に増
加している。スクリーニ
ング効果でないことを
事実（健診結果）が示
している。原因は東電
福島原発事故である。　	


福島県を中心に、「過剰診断説」が幅をきかしているが、２巡目や３巡目を対象にした議
論、定量的な議論が全くは行われていないことに注意！	


68%	
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=
43.2
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統計的に考えて最も少ない場合を考えても	
  
１００万人に43人以上、これは多いと考える。	


1
25,218

=
39.6

1, 000, 000

0.025318
25,218

=
1.003

1,000, 000

統計的に考えて最も少ない場合を考えると	
  
１００万人に1人、これは通常かも知れない。	


科学の作法：経験と比較する	

　　　　　　　　何人から見つかったのか	
  
　　　　　　　　何年かけて見つかったの	
  
　　　　　　　　有病割合か発生率にする	
  
　　　　　　　　信頼区間の下限はどうか	
  

事象（症例）が多くなるほど、統計的に強くなる。	
  
	
  
	
  

科学は人類の経験の蓄積とその最も合理的な説明	


珍しい事象が従う統計（補足）	
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UNSCEAR sessions

64th session of UNSCEAR

The 64th session of UNSCEAR took place at the Vienna
International Centre, Vienna, Austria, from 29 May to 2 June
2017. Hans Vanmarcke (Belgium) was Chair, Patsy Thompson
(Canada), Peter Jacob (Germany) and Michael Waligórski
(Poland) were Vice-Chairs, and Gilian Hirth (Australia) was
Rapporteur for the session.

The Committee discussed matters arising from General Assembly
resolution 71/89 including its future programme of work. The
Committee held technical discussions on six documents prepared
by the secretariat:

Quality criteria for the Committee's reviews of epidemiological
studies
Epidemiological studies of cancer risk due to low dose-rate radiation
from environmental sources, including the scientific view of the
Committee on the dose and dose rate effectiveness factor
Selected evaluations of health effects and of risk inference due to
radiation exposure
Developments since the 2013 UNSCEAR Report on the levels and
effects of radiation exposure due to the nuclear accident following
the great east-Japan earthquake and tsunami: review of 2016
scientific literature, including an evaluation of thyroid cancer data in
regions affected by the Chernobyl accident
Exposures of patients to ionizing radiation
Exposures of workers to ionizing radiation

Furthermore, the Committee considered progress reports on the
following topics:

Lung cancer from exposure to radon and to penetrating radiation
Biological mechanisms influencing health effects from low-dose
radiation exposure
Collection, analysis and dissemination of data on radiation
exposures, in particular of the public from natural and artificial
sources
Implementation of the Public Information and Outreach Strategy
(2014-2019)

63rd session of UNSCEAR

The 63rd session of UNSCEAR took place at the Vienna
International Centre, Vienna, Austria, from 27 June to 1 July
2016. Yoshiharu Yonekura (Japan) was Chair, John Hunt (Brazil),
Peter Jacob (Germany) and Hans Vanmarcke (Belgium) were
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原子放射線の影響に関する国連科学委員会	
  
	
  
原子放射線の影響に関する国連科学委員会（UNSCEAR）は、1955年の国連総
会において設立された。国連におけるその任務は電離放射線への被ばくのレベ
ルと影響を評価し報告することである。各国政府や世界中の機関は、放射線リ
スクを評価し防護対策を確立するための科学的な基礎としてこの委員会の評価
を信頼する。	
  

h^p://www.unscear.org/unscear/about_us/history.html	


UNSCEARのホームページから	
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ポアソン分布の例　	


 	
  

死亡数	
 0	
 1	
 2	
 3	
 4	
 5	


観測数	
 109	
 65	
 22	
 3	
 1	
 0	


理論値	
 108.7	
 66.3	
 20.2	
 4.1	
 0.6	
 0.1	


平均：	
λ = 0×109+1×65+ 2×22+3×3+ 4×1( ) 200 = 0.61
観測数合計：	
109+ 65+ 22+3+1= 200

経済学者	


ポアソン分布の最初のあてはめ例とされている。	


P k( ) = 200× 0.61
k

k!
e−0.61

🏇🏇🏇🏇🏇🏇🏇🏇🏇	
  

1887年から1894年までの間に、プロシア騎兵連隊において馬に蹴られて死んだ兵士数	
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韓国の過剰診断：成人に対する5	
  mm以下の腫瘍もとった手術	
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cancers free of charge or, for peo-
ple with above-average income, 
for a small copayment. Although 
thyroid-cancer screening was not 
included in the program, provid-
ers frequently chose to offer 
screening with ultrasonography 
as an inexpensive add-on for $30 
to $50. Many hospitals now mar-
ket “health checkup” programs 
that include thyroid-cancer screen-
ing with ultrasonography, in addi-
tion to more technologically in-
tensive exams (such as MRI and 
positron-emission tomography–
CT), and many general practi-
tioners have ultrasonography 
machines in their offices and 
commonly scan the thyroid. Both 
the government and the media 
have frequently extolled the vir-
tues of early cancer detection.

Earlier this year, a few physi-
cians presented a different per-
spective, expressing concern about 
overdiagnosis of thyroid cancer 
and suggesting that screening be 
banned. Major newspapers picked 
up the story, running headlines 
asking “Is thyroid cancer over-
diagnosed?”1 There was also wide-

spread broadcast coverage, includ-
ing special programs devoted to 
the issue on all three of the 
country’s major television net-
works. Yet because it is so chal-
lenging to adequately explain why 
early diagnosis and treatment of 
a common type of cancer could be 
problematic, thyroid-cancer screen-
ing continues to grow in popu-
larity.

Vital statistics and cancer-
registry data for South Korea il-
lustrate the effect of screening. 
Thyroid-cancer incidence increased 
slowly during the 1990s, then 
rapidly after the turn of the cen-
tury (see line graph). In 2011, 
the rate of thyroid-cancer diagno-
ses was 15 times that observed in 
1993. This entire increase can be 
attributed to the detection of pap-
illary thyroid cancer. Furthermore, 
despite the dramatic increase in 
incidence, mortality from thyroid 
cancer remains stable — a com-
bination that is pathognomonic 
for overdiagnosis.

Variation in thyroid-cancer in-
cidence across the country’s 16 
administrative regions may be ex-

plained by screening penetration 
(see scatter plot). In 2010, the 
Korean Community Health Sur-
vey (the government’s annual 
nationwide health survey) asked 
adults older than 19 years of age 
whether they had been screened 
for thyroid cancer during the 
previous 2 years. There was a 
strong correlation between the 
proportion of the population 
screened in a region in 2008 and 
2009 and the regional incidence 
of thyroid cancer in 2009. Al-
though the aggregate correlation 
could be vulnerable to the eco-
logic fallacy, the finding of sig-
nificant positive correlations in 
each of eight age- and sex-based 
groups suggests that the finding 
is more robust.

Thyroid cancer is now the 
most common type of cancer 
 diagnosed in South Korea. More 
than 40,000 people in the coun-
try were diagnosed with the dis-
ease in 2011 — a figure that is 
more than 100 times the number 
of people who die from thyroid 
cancer, which for the past decade 
has been between 300 and 400 
each year. Virtually all the people 
diagnosed with thyroid cancer are 
treated: roughly two thirds un-
dergo radical thyroidectomy, and 
one third undergo subtotal thy-
roidectomy. The tumors being 
excised are getting smaller — at 
one center, the proportion of pa-
tients undergoing surgery for a 
tumor measuring less than 1 cm 
in diameter increased from 14% 
in 1995 to 56% 10 years later.2 
Despite guidelines recommending 
against evaluation and surgery for 
tumors less than 0.5 cm in diam-
eter, one quarter of surgical pa-
tients now have tumors that fall 
into this category.

Thyroid-cancer surgery has 
substantial consequences for pa-
tients. Most must receive lifelong 

The Republic of Korea’s Thyroid-Cancer “Epidemic”

Ra
te

 (p
er

 1
00

,0
00

 p
op

ul
at

io
n)

70

40

50

10

60

20

30

0

Thyroid-cancer
incidence

Incidence of
papillary thyroid

cancer

Thyroid-cancer mortality

19
93

19
96

19
99

20
02

20
05

20
08

20
11

Thyroid-Cancer Incidence and Related Mortality in South Korea, 1993–2011.

Data on incidence are from the Cancer Incidence Database, Korean Central Cancer 
Registry; data on mortality are from the Cause of Death Database, Statistics Korea. 
All data are age-adjusted to the South Korean standard population.
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EBOLA IN A STEW OF FEAR

ing rebuilt. A new wave of land 
concessions have been granted to 
multinational corporations seek-
ing to extract Liberia’s mineral 
and agricultural wealth. Yet in-
vestment in the country’s med-
ical infrastructure languishes. 
Liberia has fewer than 200 doc-
tors for a population of 4 million. 
It is poorly equipped to deal with 
the current public health crisis. 
Remembering this history can 
help us understand why the cur-
rent Ebola epidemic — and the 
ecology of fear associated with it 
— is unfolding as it is.

My dinner hosts on the Liberia–
Guinea border knew of Ebola and 
its risks long before the disease 
made Western headlines. They 
were not ignorant. Their fears, 
like my own, were grounded in 
past experiences and present cir-
cumstances.

But we shared more than fear. 
We also shared a common his-
tory, one that has bound the 
United States and Liberia since 
free blacks from America first 
settled on West African shores in 
the 1820s.

And the laughter we shared 
that day, when a fearful white 

American asked the question, 
“Bush meat?” spoke to a recogni-
tion not of difference but of a 
shared humanity.

In this moment of crisis, fears 
arising from difference and igno-
rance of the historical and cul-
tural contexts that underlie mis-
trust create a toxic ecology in 
which the Ebola virus thrives and 
spreads.

As of mid-September, total in-
ternational pledges for Ebola aid 
amount to approximately $338 
million.3 Personnel from the U.S. 
Centers for Disease Control and 
Prevention are now on the 
ground in Liberia. But interna-
tional aid workers will need to 
engage many people in local com-
munities to win this fight against 
Ebola. Unless aid workers and 
the media understand local fears, 
we may fail to stem the crisis, 
which is devastating the economy, 
health, and well-being of a nation 
with deep historical ties to the 
United States.

Modern medicine owes a debt 
to West Africans for past sacri-
fices made in the advancement of 
global health. This week’s an-
nouncement by President Barack 

Obama of a U.S. commitment to 
build 17 Ebola treatment centers 
in Liberia, train medical workers, 
provide testing kits, and offer lo-
gistic support is a welcome and 
needed response. It should be the 
start of a long-term, concerted ef-
fort to strengthen the public health 
infrastructure, which is critical 
to the region’s future stability.

Disclosure forms provided by the author 
are available with the full text of this article 
at NEJM.org.

From the Departments of Medical History 
and Bioethics, History of Science, and His-
tory, and the Nelson Institute for Environ-
mental Studies, University of Wisconsin–
Madison.

This article was published on September 17, 
2014, at NEJM.org.

1. Samuel Reber Jr. to The Honorable Secre-
tary of State, 13 January 1931, 882.124A/118, 
882.12, Decimal files, 1930-1939, Box 7007, 
RG 59. General records of the Department of 
State. College Park, MD: National Archives 
at College Park.
2. Loring Whitman Collection. Loring Whit-
man diary, October 26, 1926. Bloomington: 
Liberian Collections, Indiana University Li-
braries, 2014:91.
3. Financial Tracking Service. Ebola virus 
outbreak — West Africa — April 2014. Table 
A: list of all commitments/contributions 
and pledges as of 17 September 2014 (http:// 
fts.unocha.org/reports/daily/ocha_R10_
E16506_asof___1409171234.pdf).

DOI: 10.1056/NEJMp1411244
Copyright © 2014 Massachusetts Medical Society.

Korea’s Thyroid-Cancer “Epidemic” — Screening  
and Overdiagnosis
Hyeong Sik Ahn, M.D., Ph.D., Hyun Jung Kim, M.P.H., Ph.D., and H. Gilbert Welch, M.D., M.P.H.

The Republic of Korea has 
provided national health in-

surance to its 50 million citizens 
since the 1980s. Although health 
care expenditures in South Ko-
rea’s single-payer system are rela-
tively low — accounting for 7.6% 
of the country’s gross domestic 
product — the system is techno-
logically intensive; among the 

countries in the Organization for 
Economic Cooperation and De-
velopment, it ranks second in 
acute care beds per million popu-
lation, fifth in computed tomog-
raphy (CT) scanners per million 
population, and fourth in mag-
netic resonance imaging (MRI) 
machines per million population. 
The country also has a well-devel-

oped data infrastructure for both 
vital statistics (Statistics Korea) 
and cancer incidence (Korean Cen-
tral Cancer Registry).

In 1999, the government initi-
ated a national screening pro-
gram for cancer and other com-
mon diseases. This program now 
provides screening for breast, cer-
vical, colon, gastric, and hepatic 
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cancers free of charge or, for peo-
ple with above-average income, 
for a small copayment. Although 
thyroid-cancer screening was not 
included in the program, provid-
ers frequently chose to offer 
screening with ultrasonography 
as an inexpensive add-on for $30 
to $50. Many hospitals now mar-
ket “health checkup” programs 
that include thyroid-cancer screen-
ing with ultrasonography, in addi-
tion to more technologically in-
tensive exams (such as MRI and 
positron-emission tomography–
CT), and many general practi-
tioners have ultrasonography 
machines in their offices and 
commonly scan the thyroid. Both 
the government and the media 
have frequently extolled the vir-
tues of early cancer detection.

Earlier this year, a few physi-
cians presented a different per-
spective, expressing concern about 
overdiagnosis of thyroid cancer 
and suggesting that screening be 
banned. Major newspapers picked 
up the story, running headlines 
asking “Is thyroid cancer over-
diagnosed?”1 There was also wide-

spread broadcast coverage, includ-
ing special programs devoted to 
the issue on all three of the 
country’s major television net-
works. Yet because it is so chal-
lenging to adequately explain why 
early diagnosis and treatment of 
a common type of cancer could be 
problematic, thyroid-cancer screen-
ing continues to grow in popu-
larity.

Vital statistics and cancer-
registry data for South Korea il-
lustrate the effect of screening. 
Thyroid-cancer incidence increased 
slowly during the 1990s, then 
rapidly after the turn of the cen-
tury (see line graph). In 2011, 
the rate of thyroid-cancer diagno-
ses was 15 times that observed in 
1993. This entire increase can be 
attributed to the detection of pap-
illary thyroid cancer. Furthermore, 
despite the dramatic increase in 
incidence, mortality from thyroid 
cancer remains stable — a com-
bination that is pathognomonic 
for overdiagnosis.

Variation in thyroid-cancer in-
cidence across the country’s 16 
administrative regions may be ex-

plained by screening penetration 
(see scatter plot). In 2010, the 
Korean Community Health Sur-
vey (the government’s annual 
nationwide health survey) asked 
adults older than 19 years of age 
whether they had been screened 
for thyroid cancer during the 
previous 2 years. There was a 
strong correlation between the 
proportion of the population 
screened in a region in 2008 and 
2009 and the regional incidence 
of thyroid cancer in 2009. Al-
though the aggregate correlation 
could be vulnerable to the eco-
logic fallacy, the finding of sig-
nificant positive correlations in 
each of eight age- and sex-based 
groups suggests that the finding 
is more robust.

Thyroid cancer is now the 
most common type of cancer 
 diagnosed in South Korea. More 
than 40,000 people in the coun-
try were diagnosed with the dis-
ease in 2011 — a figure that is 
more than 100 times the number 
of people who die from thyroid 
cancer, which for the past decade 
has been between 300 and 400 
each year. Virtually all the people 
diagnosed with thyroid cancer are 
treated: roughly two thirds un-
dergo radical thyroidectomy, and 
one third undergo subtotal thy-
roidectomy. The tumors being 
excised are getting smaller — at 
one center, the proportion of pa-
tients undergoing surgery for a 
tumor measuring less than 1 cm 
in diameter increased from 14% 
in 1995 to 56% 10 years later.2 
Despite guidelines recommending 
against evaluation and surgery for 
tumors less than 0.5 cm in diam-
eter, one quarter of surgical pa-
tients now have tumors that fall 
into this category.

Thyroid-cancer surgery has 
substantial consequences for pa-
tients. Most must receive lifelong 
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Data on incidence are from the Cancer Incidence Database, Korean Central Cancer 
Registry; data on mortality are from the Cause of Death Database, Statistics Korea. 
All data are age-adjusted to the South Korean standard population.
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広島・長崎の外部被曝と染色体異常	
  
LSSは完全に確立した標準ではない。	


『原爆放射線の人体影響　改訂　第２版』（文光堂：２０１２）　p.64	
  
外部被曝だけで考えると２倍以上の食い違いあり、内部被曝の影響。	
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