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Following the Fukushima Daiichi nuclear power plant accident associated with the Great East Japan Earthquake in 2011,
thyroid cancers were detected through population-based ultrasound screening. We herein describe the clinicopathological
features of these thyroid cancers.

The mean age at the time of the accident was 17.8 years, with a male-to-female ratio of 1:1.8. Lymph node metastasis
was detected in 22.4% of cases preoperatively, but this increased to 77.6% in postoperative pathological examinations,
predominantly involving peritracheal nodes. Extrathyroidal extension was observed in 39% of cases, and distant metastasis
(M1) was found in 2.4%. The surgical procedures performed included total thyroidectomy in 8.8% and lobectomy in 91.2%,
with lymph node dissection performed in all cases.

Histopathology revealed that 98% of cases were papillary carcinoma. Genetic analysis demonstrated BRAF mutations in
69% of cases, whereas RET/PTC3 rearrangements were rare, showing a distinct pattern compared with Chernobyl.

In summary, thyroid cancers detected in Fukushima differed significantly from those after the Chernobyl accident. Except
for sex distribution, the clinical features were similar to those of both adult and pediatric sporadic thyroid cancers.
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Pestome

TEKYLWEE COCTOAHME PAKA LLUTOBUAHOMW XENE3bl Y AETEN
YEPE3 14 JIET NOCNE AOEPHOU ABAPUU HA ®YKYCUME

Mowmxupo Hoco?, https://orcid.org/0000-0003-3477-1260

! dakynbTeT Hayk O 340poBbe U 6narononyyum, Kacdeapa ynpaBneHnsa 3gpaBooxpaHeHUeEM,
MexayHapoaHbin yHuBepcuteT Xupocumsl, r. Xupocuma, AnoHus.

Mocre aBapW Ha aTOMHOW 3nekTpocTaHuuM «Pykycuma-1», CBA3aHHOA C  Benukum  BOCTOYHO-SIMOHCKUM
semneTpsicennem 2011 roga cnyvaum paka WUTOBUAHON Xenesbl Obinu BbISBNEHbI C MOMOLLBIO YNIbTPA3BYKOBOTO CKPUHMHIA
cpean Hacenenus. B pgaHHOM cTaTbe Mbl OMWCHIBAEM KAMHUKO-MATONOrMYECkNe OCODEHHOCTM 3TUX CryyaeB paka
LLIMTOBUAHON Kenesbl.

CpenHuii BO3pacT Ha MOMEHT aBapuu cocTaBnsn 17,8 roga, COOTHOLIEHWE MYXYMH W OkeHWuH Obino 1:1,8.
Numdpoy3nosble MeTacTasbl bbinu 06HapyxeHsl B 22,4% cryyaes [0 OnepaLyy, HO NX KONMYECTBO YBENNYMNOCH [0 77,6%
npu nocreonepaLmnoHHbIX NaTonorMyecknx UCCreaoBaHMsX, NPeUMYLLECTBEHHO 3aTparuBas nepurtpaxeansHble y3nbl. B
39 % cnyvaeB Habnwoganock BHEWWTOBMOHOE pacnpocTpaHeHne, a B 24 % — oTganeHHble metactassl (M1).
Xupypryeckne npoLeaypbl BKMoYanu ToTanbHy Tupeougaktomuio B 8,8 % cnyyaes v nobaktromuio B 91,2 % crnyyaes, npu
3TOM BO BCEX CITy4asix MPOBOAMINACH NMMMQOANCCEKLWS.

lMcTonaTonoryeckoe WccnefoBaHWe nokasano, 4to B 98% cnyuyaeB peyb Wna O NanWUNNsPHOA KapLMHOME.
l'eHeTMYeCKMiA aHanu3a BbisiBuN MyTauum BRAF B 69% cnyyaes, Toraa kak nepectpoiku RET/PTC3 6binu pegkumm, yto
CBUOETENLCTBYET O HAaMMUMM YETKON 3aKOHOMEPHOCTY MO CPaBHEHUIO ¢ YepHobbInem.

Takum 00pa3som, pak LUMTOBWUAHON Xenesbl, BbISBNEHHbIA B OyKycuMe, 3HaUNTENbHO OTNNYANCS OT paka, BbISIBIIEHHOTO
nocrne aeapun B YepHoObine. 3a MCKMIOYEHMEM pacrpepeneHust no nosy, KnuMHUYeckne O0COOEHHOCTU ObiMM CXOXW C
0COBEHHOCTAIMM CMIOPaAMHYECKOr0 paka LWUTOBWAHOM Xenesbl, KaK Y B3POCTbIX, Tak U Y AeTel.

Knroyesnie cnosa: ®ykycuma; Pak wutosuaHoit xenessl; Onyxonu, Bol3BaHHble pagunaumer; BRAF mytauus; RET/PTC
nepecTpoiika

Ana yumupoeanus:
Hoco Mowuxupo Tekyliee COCTOSHUE paka LWWTOBWAHON xenesbl y geteit Yepe3 14 neT nocrne sAepHON aBapuu Ha
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Tyvingeme
®YKYCUMA AAPOJbIK ANATbIHAH 14 XblJ1 ©TKEHHEH KEMUIHTI
BANANAPOAfFbI KANKAHLUA BE3IHIH KATEPHI ICIFIHIH KA3IPI1 XKAFOAUDI

Mowmxupo Hoco?, https://orcid.org/0000-0003-3477-1260

1.ue|-|caynbm X9He an-ayKaT fFbinbimaapbl dakynbTeTi, AeHcaynbIK cakTayabl 6ackapy kadeapachl,
Xupocuma xanbikapanblk yHuBepcuteTi, Xupocuma K., 2KanoHus.

2011 xbinebl ¥nbl LLbIFbIC XanoH xep CinkiiciHe GaiinaHbICTbl "OykycMa-1" aToM 3MeKTp CTaHUMSIChIHAaFb anaTTaH KemiH
KarnKkaHwwa BesiHi, KaTepni iciri aypynapbl XanblK apacblHaa ynbTpaablObICTbIK, CKPUHUHT apKblibl aHbIKTanabl. byn Makanaga
6i3 kankaHwwa BesiHiH, KaTepni iCirHiH, KNMMHWKAMNbIK, XoHE NaTONOMMSMbIK epeKWENiKTePH cunaTTainMbI3. AnaT keliHaeri opTala
*ac 17,8 xacTbl Kypagbl, epnep MeH aenaepai, apakatbiHace! 1:1,8 6ongbl. Jiumca TyriHaepiHiH, MeTacTasnapb! onepauusra
Ledinri xargannapabiv, 22,4% - aHblkTangbl, bipak, onepauusaaH KemiHri naTonorvsrblk 3epTTeynepae onapabiv, caubl 77,6% -
fa [lefiiH ecTi, HerisiHeH nepuTpaxeanbabl TyliHaepre acep etTi. 39% xarganaa kankaHwa 6esgeH Toic Tapany 6aikangsl, an
24 % - pa anbic meTactasgap (M1) 6ankanasl. Xvpyprusnsik npoueaypanapra 8,8% arganaa xanmnbl TMpeoUa3KTOMUS XKaHe
91,2% xarmanga nobaktomust Kipai, Oaprblk, Xarmannapoa nuMdoamnccekums kacangbl. [uctonatonorvsnblk Tanpay
HaTuxeciHoe 98%xarmaiiga nanunnsprbl kapuMHOMa aHblkTangbl. FeHeTUKanblk, 3epTTey HaykacTapablH, 69%-biHoa BRAF
MytaumsiceiH, an RET/PTC3 kaifta KypbiibiMaapbl CMpeK KesmeceTiHiH KepceTTi. Byn YepHobbinbaeri karmainapmeH
carnbICTbipFaHaa anTapblKTaii anbipMallblfbIKTapabl KepceTesi.

Ocbinanwa, ®ykycumaaa aHbikTanFaH kankaHwa 6esiHiv, katepni iciri YepHobbinb anatbiHaH KEWIH aHbIKTanFaH Katepni
iCIKTEH aiTaprbikTan epekiueneHai. XblHbICTbIK, apakaTbiHacTaH Gacka, KMHUKanbIK epekLuenikTepi epecektep MeH Gananap
apacblHgarbl CNopaausrbk, KankaHiua 6esi obbipbiHa ykcac 6ongpbl.

TyliHOi ce3dep: Oykycuma; KankaHwa 6e3i 0bbipbi; paduayus acepiHeH mybiHOalmeH icikmep; BRAF mymauusichi;
RET/PTC kalima Kypbinybi

[faliekces ywiH:

Hoco Mowuxupo ®ykycuma Saponblk anaTbiHa 14 xbin eTKeHHeH keiiHri 6ananapoafbl KankaHwa 6esiHin katepni
iciriHiH, Kasipri xargaibl // Feinbim xaHe [leHcaynbik cakTay. 2025. Vol.27 (4), b. 44-48. doi 10.34689/SH.2025.27.4.006

Introduction Methods

On March 11, 2011, the Great East Japan Earthquake Thyroid ultrasound screening of children and
triggered a massive tsunami that caused a catastrophic ~ adolescents was initiated at the request of Fukushima
accident at the Fukushima Daiichi Nuclear Power Plant. Prefecture approximately eight months after the nuclear
Large amounts of radioactive materials were released into  accident in 2011. The target population included about
the atmosphere, raising concerns about radiation-related 360,000 residents who were 18 years of age or younger at

health effects, particularly in Fukushima Prefecture. the time of the accident. Follow-up examinations continued
In response, the national and prefectural governments  in 2015 and thereafter.
launched the Fukushima Health Management Survey, As shown in Figure 1, by three years after the accident,

which included thyroid ultrasound screening for all residents ~ many high school students had moved outside Fukushima
of Fukushima Prefecture who were aged 18 years or  Prefecture for higher education or employment, leading to a
younger at the time of the accident. decline in the number of examinees. Approximately 10
This paper describes the findings from these thyroid  years after the accident, the number of participants had
examinations and provides an overview of the clinical  decreased by nearly half.
outcomes observed up to the present.
Number and rate of receiving thyroid screening
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Figure 1. Number and rate of receiving thyroid screening
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As summarized in Table 1, the detection of pediatric
thyroid cancer gradually decreased over time, and unlike
the Chernobyl nuclear accident, there was no phenomenon
of a marked increase in cases beginning about three years
after the event.

At the first ultrasound examination, nodules =5.1 mm or
cysts 220.1 mm were referred for secondary evaluation.

Secondary examinations included blood tests, urinary
iodine measurement, and follow-up using established
criteria [1,2]. Fine-needle aspiration cytology (FNAC) was
performed when indicated, and patients were managed with
either surveillance or surgery. All surgical cases underwent
pathological review by an expert committee [3].

Table 1.
Trends in Detection of Pediatric Thyroid Cancer After the Fukushima Nuclear Accident.
15t 2nd ird ath 5th Gth Screening at|Screening at Total
screening | screening | screening | screening | screening | screening age 25 age 30
Screening year 2011-13 2014-15 2016-17 2018-19 2020-22 2023-24 2017~ 2022~
Screened population 367,637 381,237 336,667 294,278 252,936 211,829 169,956 66,542 -

Malignant/Suspicious 116 71 3 a9 50 15 26 9 357
Surgery 102 56 29 3 46 12 19 4 302
Fapillary ca. 100 55 29 34 45 12 18 4 297
Pathology [Por. diff. ca. 1 0 0 0 0 0 0 0 1
Others 0 1 0 0 1 0 1 0 3

Between the start of the survey in 2011 and March
2021, 260 cases were diagnosed as malignant or
suspected malignant, of which 219 underwent surgery.
Among them, 218 cases were papillary carcinoma and 1
case was benign.

From 2011 to July 2025 (a 14-year period), 404 cases
were diagnosed as malignant or suspected malignant, and
348 patients underwent surgery.

Results

Surgical Indications

In adults, treatment guidelines for thyroid carcinoma
are well established. In children and adolescents, the
same criteria were applied for low-risk and high-risk
cases as in adults. For intermediate-risk cases,
whenever possible, lobectomy with peritracheal lymph
node dissection was performed, and total thyroidectomy
was avoided. Postoperative outcomes were favorable in
pediatric patients, and radioactive iodine (RAI) therapy
was not recommended except for high-risk cases. The
use of RAl in young patients was limited due to concerns
from both clinicians and parents, and lifelong thyroid
hormone replacement therapy after total thyroidectomy
was often met with anxiety, making its implementation
difficult.

Patient Characteristics

In the first detailed analysis of 125 cases, the mean age
at the time of the nuclear accident was 14.8 years (range,
5-18), and the mean age at diagnosis was 17.8 years
(range, 9-23).

The male-to-female ratio was 1:1.8, smaller than that
observed in adult thyroid cancer [4,8].

Surgical Procedures

Total thyroidectomy was performed in 8.8% of patients,
while lobectomy was performed in 91.8%.

All patients underwent lymph node dissection, with
peritracheal dissection in 82.4% and lateral neck dissection
in 17.6% [4,8].
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Stage and TNM Classification

Stage distribution was as follows: Stage I, 97.6%; Stage
I, 2.4%.

Postoperative TNM classification was pT1a 34.4%,
pT1b 24.8%, pT2 1.6%, pT3 39.2%, and pT4 0%.

Lymph node status was pNO 22.4%, pN1a 60.8%, and
pN1b 16.8%.

Extrathyroidal extension was observed in 39.2%
(Ex1), while 60.0% had no extension.

Overall, lymph node metastasis was found in 77.6%
of cases, most frequently in the central compartment
(N1a, 60.8%). Microscopic extrathyroidal invasion (Ex1,
corresponding to T3) was present in 39.2% of cases,
which was relatively frequent.

Histopathology

The vast majority of cases were papillary carcinoma.

Among 125 reported cases, papillary carcinoma
accounted for 123 cases (98.4%). Rare variants included
poorly differentiated carcinoma in 1 case (0.8%),
follicular variant in 4 cases (3.2%), diffuse sclerosing
variant in 3 cases (2.4%), and solid variant in 2 cases
(1.6%). Al papillary microcarcinomas (<10 mm)
demonstrated capsular invasion.

Genetic Findings

In  Chernobyl-related pediatric thyroid cancers,
RET/PTC3 rearrangements were commonly observed
and regarded as radiation-induced alterations. However,
subsequent studies showed that such rearrangements
were also frequent in non-exposed pediatric thyroid
cancers, suggesting they represent a general feature of
childhood thyroid carcinoma.

In Fukushima, genetic analysis was performed in 68
cases, and BRAF V600E mutations were detected in
68.3%. RET and NTRK fusions were identified in 18.5%,
whereas no RAS mutations were found.

In an expanded cohort of 138 cases, BRAF V600E
mutations were again common (69.6%), while RET/PTC3
was identified in only one case [11].
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Table 2.
Genetic Findings
Study 1, 2" Study3""

Mutated gene No. of cases % No. of cases %

BRAFV600OE 43 68.3 96 69.6
RAS 0 0 0 0

RET/PTC1 6 88 8 58
ETV6/NTRKS3 4 6.3 6 4.3
STRN/ALK 1 1.6 2 14
RET/PTC3 1 16 1 0.7
AFAP1L2/RET 1 16 1 0.7
PPFIBP2/RET 1 16 1 0.7
KIAA1217/RET 0 0 1 0.7
ARFP/RET 0 0 1 0.7
SQSTM1/NTRK3 1 16 1 0.7
TPR/NTRAK1 1 16 1 0.7
unknown 9* 132 19 138
Total 68 100 138 100

Thus, the genetic profile of Fukushima thyroid
cancers was markedly different from the Chernobyl
radiation-induced cases.

Comparison with Chernobyl

In Chernobyl, total thyroidectomy was frequently
performed, followed by postoperative radioactive iodine
(RAI) therapy in many cases.

Both Chernobyl and Fukushima introduced ultrasound
screening programs. The distribution of tumor size was
similar: T1a tumors accounted for 36.9% in Chernobyl and
35.2% in Fukushima [8,16]. In Fukushima, however, T1b
tumors were more common (45.6%), likely reflecting the
impact of early detection through ultrasound screening.

Regarding sex distribution, adult thyroid carcinoma in
Japan occurs overwhelmingly in women [13,14]. By
contrast, in Fukushima the female-to-male ratio was 1.8,
and in Chernobyl it was 1.6—both considerably smaller
than that seen in adult thyroid cancer.

The mean tumor diameter was 14 mm (range, 5-53
mm) in Fukushima and 15 mm (range, 2-60 mm) in
Chernobyl, showing no significant difference [8,16].

Rates of clinical lymph node metastasis (cN) and
extrathyroidal extension (cEx) were also similar between
the two cohorts.

Distant metastasis (M1) was uncommon in Fukushima
but relatively frequent in Chernobyl, where it was observed
in approximately 18% of cases [13-16].

Future Perspectives

The number of thyroid cancer surgeries in Fukushima
has now exceeded 300 cases. Since the accident, revisions
of the Japanese guidelines for the management of thyroid
cancer have complicated data interpretation to some extent.

Furthermore, many individuals who were under 18
years old at the time of the accident have since moved
outside Fukushima Prefecture for university or employment.
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Consequently, an increasing number of patients are over 20
years of age at the time of surgery, and their treatment
often diverges from the strategies originally established for
younger patients. Regular postoperative surveillance has
also become difficult for those living outside the prefecture,
and cases of recurrence have been observed. Recurrences
have been noted mainly in the contralateral thyroid lobe or
in lateral lymph nodes after lobectomy, while no
recurrences have been reported following total
thyroidectomy. Although precise data are lacking, the
recurrence rate in Fukushima is estimated to be
approximately 6-7%, which is substantially lower than the
previously reported rate of 20-50% [17]. In contrast, in
Chernobyl, despite widespread use of total thyroidectomy
and RAI therapy, recurrence was reported in 27.6% of
cases, with more than half involving distant metastases
[16].

In Japan, the initial treatment strategy for young
patients after the accident was to avoid RAI whenever
possible. However, more than a decade has now passed,
and an increasing number of patients are over 20 years of
age at the time of initial or recurrent disease. As a result,
the number of total thyroidectomies and completion
thyroidectomies performed with the intent of subsequent
RAI therapy may increase in the future.

For recurrent cases with NTRK or RET gene alterations,
which are often resistant to RAI, molecular targeted
therapies are expected to play a key role.

Moreover, psychological care is becoming an important
issue throughout the process from screening to surgery,
highlighting the need for comprehensive patient support.

References:
1. Kitaoka M., Miyamoto Y., Fukunari N. et al.
Diagnostic criteria for thyroid nodules (tumors) by



Hayka u 3apaBooxpanenue, 2025 T.27 (1)

OpI(IFI/IHaJIbHOC HCCJICJOBAHHUC

ultrasonography. Jpn J Med Ultrasonics. 2011;38:667-670.
(in Japanese)

2. Suzuki S.V. Diagnostic approach. C. Nodular
lesions. In: The Japan Association of Breast and Thyroid
Sonology, Committee for Terminology and Diagnostic
Criteria of Thyroid, ed. Thyroid Ultrasound Diagnostic
Guidebook. 3rd rev ed. Tokyo: Nankodo; 2016. p.48-53. (in
Japanese)

3. Radiation Medical Science Center for the
Fukushima Health Management Survey. Results of thyroid
examinations. Materials of the Fukushima Prefectural
Oversight Committee for the Fukushima Health
Management Survey. Available from: hitps://fukushima-
mimamori.jp/thyroid-examination/result.html. Accessed
January 10, 2022.

4. Suzuki S. Surgical indication of pediatric thyroid
cancer in Fukushima. J Jpn Thyroid Assoc. 2021;12:139-
148. (in Japanese)

5. Japan Association of Endocrine Surgeons;
Japanese Society of Thyroid Surgery, eds. Guidelines for
the Management of Thyroid Tumors, 2010 edition. Tokyo:
Kanehara Shuppan; 2010. (in Japanese)

6. Committee for the Guidelines on Management of
Thyroid Tumors. Guidelines for the management of thyroid
tumors 2018. J Jpn Assoc Endocr Surg. 2018;35:1-87. (in
Japanese)

7. Suzuki S. Management of thyroid cancer detected
by screening: Indications for surgery. J Jpn Assoc Endocr
Surg. 2018;35:70-76. (in Japanese)

8. Suzuki S. The feature of childhood and adolescent
thyroid cancer after Fukushima nuclear power plant
accident. (Ed.) Yamashita S and Thomas G. Thyroid cancer
and nuclear accidents - log term after effects of Chernoby!
and Fukushima. Elsevier, London, 2017, pp155-164.

9. Mitsutake N., Fukushima T., Matsuse M. et al.
BRAFV600Emutation is highly prevalent in thyroid carcinomas
in the young population in Fukushima: a different oncogenic
profile from Chernobyl. Sci Rep 5: 16976, 2015

Corresponding Author:

10. lyama K., Matsuse M., Mitsutake N. et al.
Identification ~ of three novel fusin  oncogenes,
SQSTM1/NTRK3, A FAP 1L 2/RET, and PPFIBP 2/RET, in
thyroid cancers of young patients in Fukushima. Thyroid 27:
811-818, 2017

11. lwadate M., Mitsutake N., Matsuse M., et al. The
clinicopathological results of thyroid cancer with
BRAFV600E mutation in the young population of
Fukushima. Journal of Clinical Endocrinology & Metabolism.
2020;105:1-9.

12. Yamashita S., Suzuki S., Suzuki S. et al. Lessons
from Fukushima: Latest findings of thyroid cancer after the
Fukushima Nuclear Power Plant accident. Thyroid.
2018;28:11-22.

13. Enomoto Y., Enomoto K., Uchino S. et al. Clinical
features, treatment, and long-term outcome of papillary
thyroid cancer in children and adolescents without radiation
exposure. World Journal of Surgery. 2012;36:1241-1246

14. Ito Y., Miyauchi A., Kihara M. et al. Clinical features
of pediatric papillary thyroid carcinoma. J Jpn Assoc
Endocr Surg. 2013;30:294-298. (in Japanese)

15. Sugino K., Nagahama M., Kitagawa W. et al.
Papillary thyroid carcinoma in. children and adolescents:
long-term follow-up and clinical characteristics. World
Journal of Surgery. 2015;39:2259-2265.

16. Demidchik Y.E., Demidchik E.P., Reiners C. et al.
Comprehensive clinical. assessment of 740 cases of
surgically treated thyroid carcinoma in children of Belarus.
Annals of Surgery. 2006;243:525-532.

17. Rivkees S.A., Mazzaferri E.L., Verburg F.A. et al.
The treatment of. differentiated thyroid cancer in children:
emphasis on surgical approach and radioactive iodine
therapy. Endocrine Reviews. 2011;32:798-82

18. Suzuki S. Endoscopic surgery for benign thyroid
disease: AAA-ETS. J Jpn Soc Endosc Surg. 2008;13:271-
281. (in Japanese) MMM

Yoshihiro Noso - Professor, Faculty of Health and Wellness Sciences, Department of Health Services Management,

Hiroshima International University, Japan

Address: 555-36 Kurose gakuendai, Higashi Hiroshima, Hiroshima, Japan

E-mail: y-noso@hirokoku-u.ac.jp
Phone: +81-823-70-4561


https://fukushima-mimamori.jp/thyroid-examination/result.html
https://fukushima-mimamori.jp/thyroid-examination/result.html
mailto:y-noso@hirokoku-u.ac.jp

