The Laryngoscope
© 2012 The American Laryngological,
Rhinological and Otological gﬂciety, Inc.
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Objectives/Hypothesis: To determine differences in disease characteristics between the thyroid cancer populations in
| the area around the Three Mile Island (TMI) nuclear power plant and the rest of the state of Pennsylvania.

Study Design: Retrospective cross-sectional study.

Methods: Data from the Pennsylvania Cancer Registry from 1985 to 2008 were reviewed and information regarding age
at diagnosis, sex, race, residential status, county of residence, thyroid pathology, thyroid surgery, and staging was recorded.
Dauphin, Lancaster, and York counties were defined as the TMI area.

Results: Records of 26,357 thyroid cancer patients were reviewed, with 2,611 patients within the TMI area. A higher
proportion of papillary thyroid cancer (P < .001) and lower proportion of follicular thyroid cancer (P < .001) were noted in
the TMI area population. Thyroid cancer cases from the TMI area were found to be more likely to be diagnosed before the
age of 65 years (P < .001), be Pennsylvania born (P < .001), be well differentiated (P < .001), be <10 mm in size (P <.001),
and be localized without spread (P < .001). Although the TMI area shows a higher incidence of thyroid cancer as compared
to the rest of the state, this was not statistically significant.

Conclusions: The TMI population showed a higher proportion of papillary thyroid cancer and less aggressive pathology

was noted. Overall, the study does not show a clear link with more advanced thyroid cancer and proximity to the TMI nuclear
| reactors.
| Key Words: Thyroid cancer, thyroid carcinoma, ionizing radiation, Three Mile Island, nuclear power plant, papillary

and earlier diagnosis compared to the rest of Pennsylvania. No statistically significant difference in thyroid cancer incidence |

thyroid carcinoma, Pennsylvania Cancer Registry.
Level of Evidence: 2b.
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INTRODUCTION

A variety of cancers have been associated with ion-
izing radiation exposure. These include colorectal
carcinoma, sarcomas, parotid neoplasms, and perhaps
most commonly associated with radiation, thyroid carci-
noma. Large cohort studies evaluating the effects of
ionizing radiation following the atomic bomb sites at
Hiroshima and Nagasaki and the nuclear plant disaster
at Chernobyl have identified a significantly increased
risk of cancer in the radiation-exposed populations.™?
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The data from Chernobyl, looking specifically at thyroid
cancer, demonstrated an increased dose-dependent risk
of papillary thyroid cancer (PTC) with approximately a
4-year latency period.” Evaluation of low dose ionizing
radiation exposure has also demonstrated associations
with thyroid neoplasm and radiation. Historically,
patients have received radiation treatments for acne,
tinea capitis, and benign thyroid disease, and currently
radiation therapy is a mainstay of treatment of child-
hood lymphomas. Although the total dose of radiation to
the cervical region has decreased for lymphoma treat-
ment, long-term follow-up of these individuals
demonstrates a higher relative risk of thyroid neoplasm
as compared to the general population.®*

One of the worst releases of radioactive gasses in
the United States, the Three Mile Island (TMI) incident
involved a nuclear power plant core meltdown in one of
its units in 1979. An estimated 2.5 million to 10 million
curies of radioactivity was released into the atmosphere,
mostly consisting of xenon and krypton but also includ-
ing approximately 15 curies of iodine-131 ( i
Immediately after the incident, a tumor registry was
formed to study the effects of the radiation exposure to
the surrounding community.® In 2008, Levin published a
study on the incidence of thyroid cancer in residents sur-
rounding TMI. This study aimed to determine whether
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an association could be made between ionizing radiation
exposure in the grea and thyroid cancer. The study
described inereasing incidences of thyroid cancer in Lan-
caster and York counties starting 10 and 15 years after
the TMI incident, but not in Dauphin County, where
TMI is located. This increased incidence, however, did
not correlate with the level of estimated {onizing radia-
ton exposure in these counties.”

Qur current study examines the thyroid cancer out-
comes in these three high-risk counties between 1985
and 2008, using the updated data provided by the Penn-
sylvania Cancer Registry (PCR). Given the latency of
thyreid cancer presentation in populations exposed to
low doses of ionizing radiation, the additional informa-
tion may provide unique insights inte this population.
The United States has a rising incidence of thyreid ear-
vinoma, and Pennsylvania as a state has one of the
highest incidences of thyroid cancer. Anecdotally, there
continues to be a perception in the community surround-
ing FMI that the incidence of thyroid cancer is
intimately linked to the radiation exposure from TMI,
We compared the thyroid cancer pepulation in Dauphin,
Lancaster, and York counties to the rest of the state of
FPennsylvania to determine if there are differences
present in disease characteristics such as tumor
invasiveness, histology, and presence of metastasis.
Additionally, we compared mortality and incidence rates
between the TMI area, Pennsylvania and the United
States based on information from the Surveillance Epi-
demiology and ¥nd Results (SEER} Program database.
We hypothesize that differences in disease behavior exist
between the population surrounding TMI and the rest of
the state.

MATERTALS AND METHODS

Institutional review board approval was obtained from the
Pennsylvania State University-Milton S. Hershey Medical Cen-
ter for this study. The PCR is a publicly available database of
new cases of canesr diagnosed or treated within Pennsylvania
beginning in 1985, Data are inchaded from hospitals, clinica,
laboratories, radiation facilities, surgical centers, camger gen-
ters, doctors offices, death ceriificates, as well as information
exchange when Pennsylvania residents are dizgnosed or treated
in other states, Due to its comprehensive nature, it serves as a
representative population for retrospective eross-sectional stud-
ies sich as this one.

Data were collected from the PCR, which provided infor-
mation on each case of thyroid ecancer diagnosed in
Pevnsylvania residents from 1885 to 2008 for a total ¢f 26,357
patients. Thyroid cencer was identified by an International
Classification of Diseases, 9th Revision (ICIH9 Q-2 and 3 pri-
mary site code of C739. Variables included in the analysis were
derived from North American Association of Central Cancer
Registries standard items and included age at diagnesis, gen-
der, place of birth, ethnicity/rave, cancer prade, tumor size,
histology {categorized by ICD-9 O-2 and 3 codes: anaplastic
4021, follicular 8330-8335, lymphoma 9590-9728, medullary
510, oxyphilic adenocarcinoma 8290, papillary 8340-8344,
8050, 8130, 8260, and other), focality {solitary or multifoval fir-
mor), SEER suommary stage tin situ, local, regional, distant),
surgery type, scheduled chemotherapy, radiation therapy sched-
uled and type, cancer sequence (those with prior camcer), and
vitad status (allve ab last contact), Some variables had a Jarge
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proportion of missing cases (2-109%) beranse thoy were not avail-
able or recorded in the PCR during the earlier years of the
study time frame. For each comparison, missing cases were
excliaded.

The area closest to TMI was defined to include three coun-
ties (Dauphin, Lancaster, and York), as previcusly described ™¥
These counties are also consisient with the regions thai
received the highest doses of radiation exposure” We firat
examined local characteristics comparing the aggregate of the
three counties with all other 64 Pennsvlvania counties com-
bined, Bach category of the comparison variable was
individually tested using »® tests. We considered only P values
<005 8y significant to minimize type 1 error resulting from
multiple comparisons,

The second analysis examined {rends aeross selected char-
scteristics of thyroid cancer cases. The 24-year peried wos
divided into two 12-yvear periods {1935-1996 and 1997-2008).
Trends were caleulated for place of birih, grade, histology, and
SEER summary stage. Using a log-binomial regression, « lilkeli-
hood ratio test for the homogensity of relative risk across region
strada {an interaction test) was conducied to examine if the
TMI area profile exhibited o different pattern of change as com-
pared to the regional profibe, To understand temporal trends in
thyroid eancer cases, a third analysis was conducted in which
age-adjusted thyroid cancer incidence rafes for TMI, Pennsylva-
nia, and the United States were caleulated and compared from
1985 to 2008. Thyroid cancer cases for Pennsylvania were taken
from the state cancer regisivy, for each of the 5-year age groups.
The population by H-yenr groups was faken from US Census
data (1980, 1990, and 2000), using intracensal estimates for
noncensus years. From 2001 te 26086, the IS Center for Dizcase
Control {CDCicalculated rates were used, and for 2007 to 2008,
population estimates from the Pennsylvania State Data Center
were used, The US thyroid cancer incidence rates were caleu-
lated from data available in SEER reports, for nine states and
metropolitan aveas (10% of the United States), These included
Connectient, Hawati, Iowa, New Mexico, Utah, Atlanta, Detroit,
San Franpeisco, and Seaitle.

Last, mortality from thyroid cancer in the TMI area was
compared to the rest of Pennsylvania te assess whether loval
death rates exceaded state rates. The {DC data system was
used to collect available data on all US deaths (by primary
cauge of death) from 1979 to 2007. Crude and age-adjusted
rates were reviewed for the three-county area and all other PA
counties. The JCD-2 code 193 (19791998} and the ICD-10 code
73.9 were used to identify thyroid caneer deaths.

RESULTS

The comparison of characteristics of thyrcid cancer
cases from the TMI area versus other residents in Penn-
sylvania is shown in Table I. The {otal nomber of cases
consisted of 2,611 in the three-county area and 23,746
for the rest of the state. The perceniages listed are the
number of cases in a category divided by total cases,
exciuding those that were unknown. Results suggest the
TMI cohori had a signpificantly lower proportion of the
cancer population that was 85 years or older (all P «
0013, had a significantly higher portion of persons born
in PA {72.6% vs. 63.8%, P « .001}, a lower rate of black
non-Hispanic cases (3.7 vs. 6.4, P « .001), a higher per-
centage of white non-Hispanic cases (93.6% vs. 91.0%,
P < 001}, and a higher proportion still alive at last
contact {87.3% vs. B4.6%, P < 001
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Ccmparrson of Cancer F{eg|slry Characterisfics Between Three Mile !sland and Other Pennsyh.rama Countres 1985~2008

TABLE T

Ii_i‘:z_tlz.ant Dumograpmcs ThI Araa, No (%}‘ =2, B‘I‘l Hest- r;f PA, No. [%} 1y 23 ?45 P Va!ue
Age at diagnosis, yr
0-39 768 {29.4) 6,539 (27.5) .04
40-B4 1,303 (49.9) 11,492 {48.4) 14
65 540 (20.7) 8,715 {24.1) . 001
Gendar
Wale 601 {23.00 5,672 {23.9)
Female 2,010 {77.0) 18,074 (76.1} 32
Birthpiace
PA 1,450 (72.6) 6,841 (63.6} <001
Other Us 451 (22.6) 3,446 (32.0) <001
Qutside US a6 {4.8) 478 (4.4) 44
Ethricity/race
White, non-Hispanic 2,420 {93.8) 21,245 {91.0} <« (101
Black. non-Hispanic 95 @3.7) 1.483 (6.4} <001
Hispanic 38 (1.5) 249 {1.1} 08
Other 33 (1.3 369 (1.6 23
Pravious cancer
N 2,351 {80.0) 21,332 (83.9)
Yes [patient has had anothar primary) 260 (10,00 2,424 (10.2) 68
Alive at last contact
You 2,273 (87.3) 20,095 {84.6}
No 332127 3,651 {15.4) <0
Follow-up {80}, d
Maan follow-up @) 508 (1,148} 565 (1,248} o167
Alive at last contact 1.512 (1,672} 1,725 (1858) D286
Nat aiive at Iast contact 362 (968) 354 (960} 716
Thyraid cancer characteristics
Foeality
Solitary tumor 556 (58.8) 5214 (58.00
Multifocal tumor 385 {41.9) 3,821 {41.0) 82
Tumor size
<10 i diameter 382 {30.6) 3087 (35.1) .005
10-40 mem diameter 493 (51.1) 4805 {54.6) 04
=40 mm diameter 89 (8.2) 914 (10.4} 26
Histologic grade
Well differentiated {grade 1} 236 {85.7) 2,164 {56.6) <O
Moderately differentiated {grade [I} 46 {12.8) 748 {19.6} .62
Poorly differentiated {grade I 3289 368 (0.6} 68
Lindifierentiated {grade i) 45 (12.5) 540 {14.1) 40
Histology
Papillary 2,201 (84.3) 18,908 (79.8} <001
Follicular 150 (5.7} 1821 8.1 =001
Oxyphilic adenocarcima 95 (3.6 884 (3.7} .83
Lymphoma 43 {1.6) 534 {2.2) 05
Meduliary 20 (0.8 223 {1.0) 32
Anaplastic 17 (0.7) 225 (1.0) 3
Other 85 (3.3} 1,045 t4.4) .006
SEER Program summary stage
i situ 30T 61 (0.3} 21
focal 1977 {78.9) 16781 (72.9) <.001
Regional 433 (17.3) 4983 (21.5) <.00%
{Coniinued)
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TABLE ).

{Continued).
?atiant Demographics TMI Area, No. (%), n = 2,611 Rest of PA, No. (98}, n = 23748 P Valuie
Distant 94 (3.7} 1294 (5.,3) 001
Treatmernt characteristios
Surgery type
Lobectomyfisthmectormy 331 (21.2) 2,585 (19.1} 04
Lobe ramoval 15 (1.0} 138 (1.0} .81
Thyroidectorny 1,194 (76.5) 10,821 78.4 .08
Surgery, not specified a3 1.3 201 {1.5) 14
Srheduled chemotherapy
Yes 15 (1.9) 231 {1.8
No 1,448 (99.0} 12,956 (98.2} 04
Scheduled radiation therapy
Yes 623 (51.2) 5,627 (50.0
Ne 584 (48.8) 5,828 (50.0) 43
Type of radiation therapy
Baam 32 {5.1) 300 (5.3} .84
Radiation implants 6{1.0) 121 (2.2} .05
Radicisotopes A74 (92.1) 5,133 (91.2} 44
Other/mot specified 11 (1.8) 73(1.9) 36"

‘Figher axact test used.

TMI = Three Mile island, PA = Pennsylvania, US = United States: S0 = standard deviation; SEER = Surveillance, Epidemiotogy, and End Results.

To further evaluate the significance of the proportien
alve at last contact, data on mean follow-up were eval-
uated. Patients in the local region were followed Tor an
average of 508 days (~17 ronths), with follow-up ranging
from O days to 8,153 days (~271 months), with a standard
deviation of 1,149 days (~38 months). The rest of Penn-
sylvania was followed for an average of 565 days (~19
mornths) with a range from 0 days to 8,875 days (~296
months), with a standard deviation of 1,248 days (~41.6
months). Assuming unequal variances, the P value of the
two populations being different is 0187, The mean fol-
low-up among those not alive at last contact was 1,512
days in the TMI group and 1,725 days in the rest of Penn-
sylvania (P == (0286}, The mean follow-up among those
alive at last contact was 382 days in the TMI group and
354 days in the rest of Pennsylvania (P =716}

The ecancer characteristics among the TMI cohort
shows a higher rate of grade I cases (85.7% vs. 56.6%,
P 001}, lower rate of grade 2 cases (12.8% vs. 19.6%,
P < 091}, higher rate of <10-mm tumor gizes (39.6% vs.
33.1%, P = 005}, higher rate of papillary cancer (84.3%
vi, T9.68%, P < 001, lower rate of follicular cancer (5.7%
v, 8.1%, P < .001), and 2 lower rate of regional eancers
(17.8% vs. 21.05%, P < ,001),

The comparison in trends (Table II) suggest a sig-
nificant difference between TMI and the rast of the state
from 1985 through 1996 to 1997 through 2008 for those
horn in PA {relative risk: 9 vs 0.8, P = .001). There i3 no
evidence of a statistically significant difference in the
relative risk between TMI and state with regard to
grade, histology, or SEER summary stage.

Table III and Figure 1 show age-adjusted rates for
thyroid cancer cases per 100,000. PA rates in the mid-
1880s were well below the United States (—81.1% in
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1985}, But the gup narrowed steadily until PA exceeded
the United States for the first time in 1987, The gap
between state and nation grew quickly until it reached
+87.1% higher in PA in 2001, where it has tended to
remain sinee. Additionally, the number of thyroid cases
diagnosed in Pennsylvania residents has soared from
1985 to 2008, with no signs of & leveling off or decline in
the future. Descriptively, the thyroid eancer incidence
for the TMI area counties parallels the state rates,
thoagh they are higher than the norm since 1992 for all
but 2 years.

The erude and age-adjusted rates for the TMI area
and the other 64 counties in Pennsvivania for deaths
ceeurring 1979 to 2007 were calculated. The number of
ihyroid cancer deaths in the TMI area from 1985 to 2007
was 163, In the rest of Pennsylvania, 1,771 deaths were
attributed to thyroid cancer. The loeal age-adjusted death
rate (0.527 per 100,000 is slightly {+8.0%) greater than
the rest of Pennsylvania {0.488 per 100,000} The lower
{—1.85) TMI erudé rate suggests that crude thyroid can-
cer rates may differ from age-adjusted rates. The number
of deaths from thyroid cancer {163) from 1985 to 2007 13
well below the number of deaths in persons diagnosed
with thyroid cancer from 1985 to 2008 (332), suggesting
that the death rate is closer to 4% to b% rather than the
12.7% observed in the PCR, and that most decedents in
the registry’s files died from other conditions. Thiz is aiso
true for the rest of Pennsylvania, with 1,771 deaths
attributed to thyroid cancer in the CDC and 3,651 not
alive at last contact in the PCR database.

DISCUSSION

Analysis of the cancer registry data revealed that
the thyreid cancer cases from the area surrounding TMI

Goyal et al.: Thyroid Cancer Near Three Mile Island



TABLE I

Ralative Risk
TMI, Na. {%) fes! of PA, No. (%) (1997-2008/1965-1986)
- 1085-19596 10972008 1985-1996 18972008 T Rest of PA
S - e S~
A 396 (75.5) 1,054 (71.5) 2,850 {70.1) 3,991 (9.6 0.9 0.8 0
Qther US 104 {19.9) 347 (23.5) 1,058 {26.0) 2,388 (35.7) 1.2 1.4 A7
Outside US 23 (4.4) 73 (5.0 160 (3.9) 316 (4.7} 1.1 1.2 80
Grade
i 67 (56.8) 169 (70,1) 715 (53.1) 1,449 (58.6) 1.2 11 22
2 15 (12.7) 31 (12,9} 262 (19.5) 486 {19.8) 10 1.0 99
3 14 (11.9) 18 (7.5) 154 {11.4) 214 8.6) 0.6 0.7 B
4 22 (18.9) 23 9.5 215 (16.0) 325 §13.1} 04 0.8 i
Histology
Anaplastic 5 (0.9 11 (0.6) 82 (1.3) 143 (0.8) 0.7 0.6 88
Follicular 654 {10.0} 86 (4.4} 842 (13.1} 1,079 (6.2} 0.4 0.5 B0
Lymphoma 23 (3.6) 20 {1.0) 252 (3.9) 282 (1.6} 0.3 0.4 22
Meadutar 0 (0.0} 20 {1.0} 0 (0.0) 229 {1.3) — — -
Other 51 (7.9} 34 (1.7 545 (8.5) 500 (2.8} 0.2 0.3 04
Oxyphilic adenocarcinama 17 2.6} 78 (4.0} 181 (2.8} 703 (4.0} 1.6 i.4 80
Papillary 482 (73.0) 1,719 (87.3) 4,547 {70.5) 14,361 (83.0) 1.2 1.2 .69
SEER sumimnary stage
Iy situ 2 (0.3) 1(0.1) 50 (0.8) 11 {0.1) 0.8 0.1 80
Local 451 [74.4) 1,526 (80.3) 4,067 (66.1) 12,714 {75.4) 1.1 1.1 05
Regional 116 (19.1) 7 (16.7) 1,490 (24.2) 3,463 {20.5) 0.3 0.8 79
Distant 37 18.1) 57 (3.0) 548 (8.9) 676 (4.00} 0.5 0.4 88

P yahies are from a {ikelihood ratio test for hormegeneity of relative risk using leg-hinomial regression,

T = Three Mils lsland, PA = Pannsylvania; US = United States, SEER = Surveillance, Epidemiclogy, and End Results.

appear to be less advanced and less aggressive at pre-
sentation. Statistically significant differences were noted
between the two populations with regard to age, race,
tumor size and grade, and SEER staging. Of note, a
higher statistically significant proportion of thyroid car-
cihomas were PTC in the TMI cohort, and fewer were
Eallicular carcinomas. Additionally, evaluating the aggre-
gate three-county incidence rates from 1985 to 2008 in
comparison to the rest of Penngylvania revealed periods
of increased incidence between 1998 to 2000 and 2002 to
2006. The demepgraphics of the thyroid cancer population
surrounding TMI relative to the rest of Pennsylvania
were not statistically significant aside from racial dis-
purities that are consisient with differences in racial
distribution among the healthy population. A higher pro-
portion of the TM] cohort was born in Pennsylvania as
compared fto the other cohort. Although a staiistically
significant difference in mortality was noted between
the 'TMI population and the rest of Pennsylvania, given
the discrepancy between deaths in the cohort and deaths
in the cohort due to thyrsid cancer, this finding is likely
confounded by other causes of mortality. Differences in
mean follow-up hetween the TMI population and the
rest of Pernsylvania approached statistical significance,
especially among the subgroup that was not alive at fol-
low-up. However, it should be noted that the last follow-
up for those not alive at follow-up is their recorded date
of death. This may suggest that the deceased patients in
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the TMi cohort had more agpressive disease given the
shorter follow-up, although the difference was not statis-
tically sigmificant under our stricter eriteria (2 < 005,
and the other data do not support this elaim.
Interestingly, previeus research has commented
that an increase i the incidence of cancer immediately
after the TMI incident could be aliributed to an
inereased sensitivity in the population to be examined.®
It is possible that the diagnosis of thyrotd caneer at an
earlier stage is a result of this increased vigilance. How-
ever, with almost 80 years since the event, it is possible
that increased vigilancs may not completely explain this
difference. Our data are consistent with Lewvin's, which
showed increased incidence in the TMI area (specifically
Lancaster and York counties) from 1993 to 2000.7 With
the more up-lo-date data, we saw that the increased
incidence coniinues from 2002 to 2006. Relative to the
rest of the country, Pennsylvania as a whele demon-
strates a higher incidence of thyroid cancer since 1997,
In our study, the thyreid cancer diagnosed among
the TMI ecohort appears to be less aggressive, with a
higher proportion of the reported cancers heing well dif-
ferentiated and without regwmal spread. Thiz is in
contrast to the cohorts exposed te Chernobyl, Hireshima,
and Nagasaki, where the ithyrold carcinoma is waften
sggressive, with a propensity for metastasis and recar-
rence."® The Chernobyl population has alse
demonstrated a significant propensity for children to
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TABLE i1,
Adjusted {2000 Standard) Thyroid Cancer Incidence Rates
Per 100,000,
Ye Ml rate Restof PArate AllofPArate USrata PAvs JS
1985 3.65 3.53 354 513 3107
1986 411 3.85 3.87 5.32 -27.18
1987 3.03 4,34 4.23 5.05 ~18.15
1988 3.29 4.02 3.96 484 1980
1889 4.07 4.29 4.28 536 2024
1990 4,83 4.62 4.63 5.5 -158.80
1991 4.87 4.81 4.82 549 1218
1892 5.26 5.18 519 587 -11.83
1993 613 5.44 550 5.65 ~2.61
1984 6.79 4.86 5.03 808 1722
1985 8.54 5.78 6.01 6.22 -3.33
1998 8.09 B.35 6.51 5.51 - 0.05
19497 9.17 B8.78 £.09 678 3.04
1998 9,83 7.74 7.83 £5.98 13.54
1999 1L18 8.14 8.40 735 14.23
2000 1045 10.21 10.23 7.61 34.44
2001 1134 11.37 11.37 8.29 37142
2002 1542 12.06 12.36 922 34.04
2003 1825 12.47 12.82 964 32.95
2004 1582 13.15 13.38 101 3248
2005 64 13.70 13.93 10.91 27.66
2008 1.Y5 15,10 15.35 11.29 35.99
2007 1669 16.77 16.75 12.34 3577
72 ] 13.22 L

2008 1692

Thrée Ma!e tsland, PA .-:- Pei.'.msylvama, US = United States

develop thyroid carcinoma in a dose-dependent fash-
ion."! Qur data do not suggest this, with no statistically
significant difference noted between the TMI population
and the rest of the state in the youngest cohort (0-39
vears). An analysis of the TMI fumer registry by Han
ot al. also failed to show any cases of thyroid neoplasm
fa individuals under 18 years old.*?

Previous studies have evaluated the impaet of inci-
denial ionizing radiation exposure on thyroid cancer
characteristics. Seaberg et al. studied patients with thy-
roid cancer who had been previcusly exposed to radiation
and found a higher incidence of extrathyroidal spread,
distant metastases, and mortality from disease.’® On the
other hand, Furlan and Roesen compared thyroid caneer
patients with previcus radiation exposure to those with-
out previous exposure and found thoze with radiation
exposure had evidence of smaller tumor size and often
had incidental microcarcinomas.!? Although our data do
xot elucidate the presence or absence of microcarcinomas,
they do show the TMI cohort to have smaller neoplasms
as compared o the general population.

With latrogenic radiation expesure populations,
VT is more comnionly seen among thyroid carcinomas
in the population. Among atomic bomb survivors from
Hiroshima and Nagasaki, researchers found that most
thyroid carcinogenesis was dose-related to the arpount, of
gamma radiation received. Similarly, certain mutations
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conferred greater latency before presentation,™*'% [ the
TMI cobort, no similar association or causality has been
determined between the history of radiation exposure
from TMI and the presentation of thyroid carcinoma. ™"
Our results do note a stalistically significant higher pro-
portion of PTC among the TMI cohort as compared to
the surrounding Pennsylvaria counties, yet this does not
show causality.

In comparison to other reporied releases of radicae-
tive gasses, TMI involved a much lower total volume of
gas released, and also released more xenon and krypton
with very low amounts of fodine isotopes. As estimated by
the Nuclear Regulatory Commission, the total radiation
effect to an individusal during the TMI incident approxi-
mated 1.4 mrem (where { rem is the biological effect of 1
rad of gamma radiation exposure). For comparison, the
average dose in the TMI area received from background
radiation in 1 year is approximately 116 mrerm.® However,
despite these low estimates, cohorl studies involving the
TMI population and the established tumor registry have
shown a higher relative risk of leukemia, and cancers of
the bronchus, traches, and lung as compared fo the gen-
eral population. Within the tumer registry, only eight
cases of thyroid carcinoma were noted,*?

Many studies have evaluated the effects of low-dose
radiation exposure and the association with thyroid car-
vinogenesis. Sklar et al. specifically evaluated the risk of
thyroid disorders in patients receiving Jow dose radiation
therapy for Hodgkin's disease., and found s more than
18-fold increased relative risk among those who received
therapy as compared to the general pepulation.” The
Mational Research Councid (NRC) published a review in
2006 evaluating the risks associated with low-dose foniz-
ing radiation. The study described an established dose-
dependent relatienship betwesn jonizing radiation and
thyroid cancer, most pronounced in thildren under 15
years of apge, citing studies regarding Cherncbyl and
medical treatment of childhood cancers as well as benign
diseases. In contrast, the NRC found little informution
guantifying the risks of carcinoma from **'T exposure for
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Fig. 1. The graph charts the rise in ingidence of thyroid cancer in
the United States, Pennsylvania (PA}, the Three Mile {sfand (Th[}
reglon, ard the rest of Pennsylvania exciuding the TMI region.
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the treatment of benign disease, although the large stud-
ies reviewed showed no significant intreased incidence
of thyroid neoplasm.?® Berrington de Gonzalez el al.
modeled the radiation dosage to the thyroid in people
undergoing computed tomegraphy (CT) and estimated
1,000 thyreid neoplasms in the future to be related to
CT scans performed in 2007 in United States.””

The mechanism of carcinogenesis from radiation
has multiple theories. Ionizing radiation in particular is
thought to cause injury to cellular DNA via the creation
of free radicals and ions in the body. I is a radioactive
isetope of iodine that has preferential uptake by the thy-
roid that decays and releases ionizing radiation. As
stated before, the majority of gasses released in the TMI
incident were xenon and krypten, specifically the iso-
topes xenon-133 and krypten-85. This isotope of xenon
releases both beta (99.3% of the time} and gamma
{36.5% of the time) radiation and has a halflife of 5.3
days. Although gamma radiation can penetrate deeply.
beta rays are not very penetrating and do not usually
vose a significant health hazard. Krypton-85 has a half-
life of 10.8 years, and decays more than 100% of the
time via release of a beta particle and only releases
gamma rays 0.43% of the time, In contrast, '*'] has a
half-life of 8.02 days and releases beta particles 899 of
the time and gamma particles 81% of the time. Although
it ulso decavs with beta particle release, because the io-
dine has a preferential uptake in the thyroid, the beta
decay also directly affects this adjacent tissue. This can
help demonstrate the difference in thyreid cancer char-
acteristies between Chernobyl and TMI, as the higher
release of "'T in Chernobyl would be directly related to
inereased uptake and radiation absorbed by the thyroid.

There are several limitations to this study. First, the
data are from an historical data source, and thus have
inherent biases from the stady being performed retrospec-
tively. Additionally, the PCR only collected data from
1985, thus missing possible differences between the TMI
and Pennsylvania population that oecurred in the years
immediately after the TMI incident. A retrospective study
by Berkheiser evaluated thyroid cancer incidence from
1974 to 1984 at 2 community hospital in Dauphin county
and did not elicit any differences between the incidence or
histology at the hospital and published reports from other
metropolitan or community hospital settings.®

The PCR also includes individuals who were not paré
of the population initially exposed to TMI but now live in
the Dauphin, Lanecaster, or York counties. However, there
is no information to suggest that the population migra-
tory patterns between the TMI area and surrounding
areas yielded significant egress or ingress. Of note, our
data suggest that the TMI ¢ohoit is less migratory, with a
larger proportion having been born in Pennsylvania. Stil,
this limitation of the PCR may underestimate the signifi-
cance of certain differences between the TMI population
and the surrounding Pennsylvania pepulation,

CONCLUSION
In contrast to the belief that the population around
TMT and exposed to TMI has a higher rate of aggressive
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thyroid cancer, the characteristics of the thyroid eancer in
the TMI population appeared less aggressive and less
advanced. The pathology is more likely 76 be PTC and less
likely to be follicular cell when compared to the rest of
Pennsylvania, Evaluating incidence rates from the PCR
does show an increased incidenee in the TMT area ag com-
pared to the rest of Pennsylvanin consistent, with previous
studies, yet this difference does not appear to be statisti-
cally significant. Although low-dose radiation has been
Huked to increased thyroid cancer incidence in children,
our data do not support a similar link among the TMI
eohort. Farther research can help determine whether his-
tological differences, if any, exist between thyroid cancers
in the TMI region compared to the rest of Pennsylvania.
Additional staining for mutations such as BRAF or rear-
ranged in transformation/PTC may reveal differences in
the TMI echort and surrounding population.
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