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Simple Summary: Thyroid cancer rates have been rising in North America, but most
research has focused on adult patients. This study examines trends in thyroid cancer
among pediatric, adolescents, and young adults (PAYA) in the United States and Canada.
Using a comprehensive North American cancer registry, we found that thyroid cancer
incidence increased by 137% from 1995 to 2014, with significant rises across all age groups.
The increase was most pronounced in young White females and was highest for papillary
thyroid cancer. Our findings suggest that overdiagnosis from thyroid ultrasound and
incidental findings from other imaging are occurring, but other factors could be contributing
to the rise. These results highlight the need for continued epidemiological monitoring and
further research to understand the drivers of thyroid cancer incidence in young populations.

Abstract: Background/Objectives: Thyroid cancer incidence has risen in both the United
States and Canada, despite differing healthcare systems. While overdiagnosis likely partly
explains this trend in adults, its impact on younger populations is unclear. We used the
North American Association of Central Cancer Registries, which included 133,808 thyroid
cancer cases from the United States and Canada, to assess incidence trends among pediatric,
adolescent, and young adult (PAYA) populations. Methods: Age-adjusted incidence rates
(AAIR) per 100,000 person-years (PY) were compared using rate ratios (RR), stratified by
sex, age, race/ethnicity (United States only), and histology. Joinpoint regression estimated
annual percentage changes (APC) and average APCs (AAPC) in AAIRs. From 1995 to
2014, thyroid cancer incidence increased by 137%. Significant increases occurred across all
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age groups (0-14, 15-24, 25-34, 35-39 years). The rate increase was highest for papillary
thyroid cancer (AAPC = 5.50, 95% CI 5.06, 5.94), and among individuals aged 35-39 years
(AAPC =5.99,95% CI1 4.84,7.15). Of racial/ ethnic groups in the United States, non-Hispanic
White individuals had the highest AAIR (6.22 per 100,000 PY). Mortality has changed
minimally. Conclusions: Over the past two decades, thyroid cancer incidence has increased
in individuals under 40. While evidence suggests that overdiagnosis primarily accounts for
this trend, other contributing factors cannot be ruled out. Further research and surveillance
of the drivers of increased incidence are critical.

Keywords: thyroid cancer; pediatric; adolescent and young adults (AYA); North American
Association of Central Cancer Registries” (NAACCR); incidence trends; cancer surveillance

1. Introduction

In 2025, there will be about 44,020 new diagnoses of thyroid cancer, making it the
ninth most common cancer among women in the United States [1]. In Canada, it is the
seventh most common cancer in women, with 6600 new cases in 2024 [2]. Despite the
increasing incidence of thyroid cancer, mortality has remained fairly stable globally [3],
raising concerns that increased detection—rather than a true rise in disease—may be driving
the observed trends. The United States is an exception, where mortality has significantly
increased since the 1980s [4,5]. While overdiagnosis has been implicated in rising thyroid
cancer rates among adults [6,7], its role in younger populations has been understudied.
Some studies posit that factors beyond overdiagnosis—such as environmental exposures,
obesity, and genetic predispositions—may also contribute to the increasing incidence,
though this evidence remains limited [8-11]. The interplay between overdiagnosis and
these other potential contributors remains unclear, highlighting a critical need for more
nuanced analyses that can distinguish between increases in true disease and increases due
to surveillance and incidental findings on imaging.

In North America, overdiagnosis is linked mostly to females > 40 years old and
papillary histology [9,10]. In contrast, thyroid cancer is relatively rarer among individu-
als < 40 years old [12]. The American Thyroid Association (ATA) does not recommend
asymptomatic thyroid screening until the age of 35 [13], and the Canadian Task Force on
Preventive Health Care is against screening asymptomatic nonpregnant adults > 18 years
unless there are risk factors for thyroid dysfunction [14]. Screening patterns alone do not ex-
plain the increasing incidence in pediatric, adolescent, and young adult (PAYA) populations,
for whom there is no recommendation for asymptomatic screening. Diagnostic imaging for
other reasons, including ultrasound, CT, and MR], can lead to the incidental detection of
subclinical tumors and subsequently unnecessary treatment and harm [4,15,16].

Moreover, worldwide trends echo these concerns. Several European countries, in-
cluding France and Italy, have recorded sharp rises in thyroid cancer rates over the past
two decades, partially attributed to increased diagnostic scrutiny [11,15]. In Asia, the
Republic of Korea has demonstrated one of the most pronounced increases, with women'’s
thyroid cancer rates increasing nearly fivefold, linked to widespread screening by neck ul-
trasonography [11,17]. China and Japan have also reported notable upward trends, though
at a slower pace [11]. These global observations suggest that enhanced imaging, more
aggressive screening, and potentially environmental or lifestyle factors could contribute to
the overarching increase in thyroid cancer diagnoses.
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Building on previous studies [8,9,18,19], we hypothesized that the incidence of thyroid
cancer continues to rise even among PAYA cohorts—groups traditionally considered at
lower risk for overdiagnosis. Therefore, we aimed to estimate the incidence trends of thy-
roid cancer in North America (United States and Canada) among individuals aged 0-39 and
determine differences in trends when stratified by sex, age, race, and histological subtype.

2. Methods
2.1. Study Design

We conducted a population-based, retrospective study using data from the North
American Association of Central Cancer Registries (NAACCR) Cancer in North America
(CiNA) Public Use dataset [20]. The study period was 1995-2014, and we focused on
patients aged 0-39 years with thyroid cancer. This approach allowed us to analyze incidence
trends across both the United States and Canada. Institutional review board approval was
not required as all data were de-identified and publicly available.

2.2. Data Source

The NAACCR CiNA Public Use dataset covers cancer patients in the United States and
Canada and is comprised of registries within the National Program of Cancer Registries;
Center for Cancer Care & Research Provincial and Territorial Registries; and Surveillance, Epi-
demiology, and End Results [20]. Only data from Gold and Silver NAACCR-certified registries
are included in the CiNA Public Use dataset, ensuring the quality of the data provided.

2.3. Study Population

Patients diagnosed with malignant thyroid cancer between 1995 and 2014 at ages
0-39 years were included; malignant thyroid cancer was defined as a primary malignancy
of the thyroid (International Classification of Diseases-Oncology, third edition (ICD-O-3)
C739) that had any ICD-O-3 histology value, except 9050-9055, 9140, or 9590-9992 [21].
All eligible malignancies were included, including multiple malignancies. To maintain
population consistency over the study period, only registries that provided data for all
years from 1995 to 2014 were included for analysis. Also, although data from 2015 were
available, only data through 2014 were analyzed because 2015 data from Ontario (the most
populous Canadian province) were unavailable (Table 1).



Cancers 2025, 17, 1429 40f19
Table 1. Thyroid cancer patients ages 0-39 diagnosed between 1995 and 2014, NAACCR CiNA Public Use Database.
Canada and United States Combined Canada United States
Count (%) In?i(gi:;::g ]I;l:tt: (:)er (955/{ aée E;i:lion Count (%) In?igz;::g ]Il{l:tt: (:zer (955 aée E;i:lion Count (%) In?izgi:;:g ]II{J:tt: (:)er (95({/{ aée E;gon
ou ° 100,000 Person-Years ;ntorv l)e ce ou ° 100,000 Person-Years ;ntorv l)e ce ou ° 100,000 Person-Years ;ntorv l)e ce
(95% Confidence Interval) erva (95% Confidence Interval) erva (95% Confidence Interval) erva
Overall 133,808 5.48 (5.45, 5.51) - 15,492 5.94 (5.85, 6.04) - 118,316 5.42 (5.39, 5.45) -
Age
0-14 2306 (1.7%) 0.26 (0.25, 0.27) Reference 201 (1.3%) 0.24 (0.20, 0.27) Reference 2105 (1.8%) 0.26 (0.25, 0.27) Reference
15-24 22,036 (16.5%) 3.55 (3.50, 3.59) 13.73 (13.15, 14.34) 2213 (14.3%) 347 (3.33,3.62) 14.71 (12.72, 17.08) (1196'2%/3) 3.56 (3.51, 3.60) 13.63 (13.03, 14.27)
25-34 63,427 (47.4%) 10.42 (10.34, 10.50) 40.33 (38.69, 42.06) 7377 (47.6%) 11.37 (11.11, 11.64) 48.23 (4191, 55.76) (ig'i‘:’/o) 10.30 (10.22, 10.39) 39.51 (37.83, 41.29)
35-39 46,039 (34.4%) 14.38 (14.25,14.51) 55.66 (53.38, 58.06) 5701 (36.8%) 16.25 (15.83, 16.68) 68.91 (59.85, 79.72) (?52,?:2/8) 14.15 (14.01, 14.29) 54.26 (51.93, 56.71)
Sex
Male 23,520 (17.6%) 1.92(1.89,1.94) Reference 2830 (18.3%) 2.17 (2.09, 2.25) Reference g(;'gg/o) 1.89 (1.86, 1.92) Reference
. o
Female 110,288 (82.4%) 9.10 (9.04, 9.15) 4.74 (4.67,4.81) (g,gg/z) 9.76 (9.59, 9.93) 451 (4.32, 4.69) (Z;'g%/é) 9.02 (8.96, 9.07) 4.77 (470, 4.84)
. o . o
Histology
. 13,966 106,467
Papillary 120,433 (90.0%) 4.93 (4.90, 4.96) Reference (90.1%) 5.36 (5.27,5.45) Reference (90.0%) 4.88 (4.85,4.91) Reference
. o . o
Follicular 9232 (6.9%) 0.38 (0.37, 0.38) 0.08 (0.07,0.08) 665 (4.3%) 0.26 (0.24, 0.28) 0.05 (0.04, 0.05) 8567 (7.2%) 0.39 (0.38, 0.40) 0.08 (0.08, 0.08)
Medullary 1802 (1.3%) 0.07 (0.07, 0.08) 0.02 (0.01, 0.02) 183 (1.2%) 0.07 (0.06, 0.08) 0.01(0.01,0.02) 1619 (1.4%) 0.07 (0.07, 0.08) 0.02 (0.01, 0.02)
Anaplastic/other 1450 (1.1%) 0.06 (0.06, 0.06) 0.01 (0.01, 0.01) 103 (0.7%) 0.04 (0.03, 0.05) 0.01(0.01,0.01) 1347 (1.1%) 0.06 (0.06, 0.07) 0.01 (0.01, 0.01)
Non ‘gﬁ;ﬁi‘;ﬂmﬂy 891 (0.7%) 0.04 (0.03, 0.04) 0.01(0.01,0.01) 575 (3.7%) 0.22 (0.20, 0.24) 0.04 (0.04,0.04) 316 (0.3%) 0.01 (0.01, 0.02) 0.003 (0.003, 0.003)
Race/ethnicity
Non-Hispanic 80,507
White - (68.0%) 6.22 (6.18, 6.27) Reference
. . 20,767
Hispanic - (17.6%) 4.38 (4.32, 4.44) 0.70 (0.69, 0.71)
NO“;EEE anie - 6483 (5.5%) 2.59 (2.52, 2.65) 0.42 (0.41, 0.43)
Nong)lfﬁsef; anic - 8733 (7.4%) 5.43 (5.32, 5.55) 0.87 (0.85, 0.89)
Unknown - 1826 (1.5%) - -
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2.4. Data Analysis

We used SEER*Stat version 8.3.5 (Surveillance Research Program, National Cancer
Institute, Bethesda, MD, USA) to calculate overall and yearly age-adjusted incidence rates
(AAIRSs) for thyroid cancer diagnosed between 1995 and 2014 for Canada, the United States,
and both countries combined. For each country individually and combined, AAIRs were
stratified by sex (male, female), age based on estrogen exposure [0-14 (pediatrics and
pre-pubertal), 15-24 (pre childbearing years), 25-34 (childbearing years based on average
age at first child for United States and Canada), 35-39 (potential overdiagnosis group as
the ATA recommends screening of thyroid-stimulating hormone (TSH) levels beginning at
35 years) [13,22], and histology /microscopic confirmation (confirmed papillary (ICD-O-3
histology 8050, 8260, 8340-8344, 8350, 8450-8460), confirmed follicular (8290, 8330-8335),
confirmed medullary (8345, 8510-8513) /anaplastic (8020-8035)/ other, not microscopically
confirmed). Also, AAIRs for the United States were stratified by race/ethnicity (Hispanic,
non-Hispanic White, non-Hispanic Black, non-Hispanic Asian/Pacific Islander/American
Indian/Alaska Native (API/AIAN)). AAIRs by race were not estimated for Canada as
race/ethnicity information was not provided. All AAIRs were age adjusted using the
2000 US Standard Population and were reported as incidence per 100,000 person-years
(PY). This standard is recommended for population-based cancer incidence studies by the
National Cancer Institute and facilitates comparability across different regions and time
periods [23]. SEER*Stat computed rate ratios (RR) and 95% confidence intervals (CI) for
1995-2014 overall AAIRs between a reference group and other values for each variable
within each country.

Joinpoint Regression Program version 4.6.0.0 (Statistical Methodology and Applica-
tions Branch, Surveillance Research Program, National Cancer Institute, Bethesda, MD,
USA) estimated time periods with significant increases or decreases in AAIRs using Join-
point regression models, as well as annual percentage change (APC) and 95% confidence
intervals (CI) for rates between Joinpoint years. The final Joinpoint models were based on
log-transformed AAIRs to better ensure the normality of residuals [24]. The permutation
test method determined the model with the fewest number of Joinpoints necessary to
effectively characterize trends [25] with a maximum of 3 Joinpoints. Trends with multiple
APCs were summarized with average APCs (AAPC).

For Canada, the United States, and both countries combined, we computed Joinpoint
regressions for all thyroid cancer patients combined (including unknown race/ethnicity for
United States cases) and by sex, age, histology, and race (excluding unknown race/ethnicity,
United States only) groupings. Joinpoint regressions were further computed by sex and
age simultaneously, and in the United States, regressions were also computed by race and
sex simultaneously. Because CiNA suppresses output for rates based on fewer than six
cases, some variable groupings could not have Joinpoint regressions estimated for them.
Significance for all tests was set at & = 0.05, and all tests were two-tailed.

We conducted pairwise parallelism tests to assess whether trends in age-adjusted
incidence rates significantly differed in slope between subgroups. These comparisons were
made across age, sex, histology, and, in the United States, across race/ethnicity and sex-by-
race subgroups. We also compared trends between countries (Canada vs. United States) for
each relevant subgroup. For example, we compared all unique age group pairs (e.g., 0-14 vs.
15-24), stratified by sex and country when appropriate. Adjusted p-values were calculated
using the Bonferroni method to account for multiple comparisons. The Supplementary
Materials Tables S1 and S2 includes full Joinpoint outputs, AAPC differences with 95%
confidence intervals, and adjusted p-values for each comparison.
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3. Results
3.1. Demographic Characteristics

This study included 133,808 thyroid cancer tumors for subjects aged between 0 and
39 years in the United States and Canada combined. In Canada, there were 15,492 thyroid
cancer cases (11.6%), and in the United States there were 118,316 (88.4%). The sample
was 82.4% female, 98.3% 15-39 years (adolescent and young adult), with 90.0% papillary
histology. The United States sample was 68.0% non-Hispanic White (Table 1).

3.2. Overall Incidence Trend

The overall AAIR of thyroid cancer among the PAYA population in both countries
combined (1995-2014) was 5.48 per 100,000 PY (AAIR = 5.48, 95% CI 5.45, 5.51). The 2014
AAIR (7.72 per 100,000 PY) was 137% higher than the 1995 rate (3.26 per 100,000 PY). The
AAIR increased 5.87% yearly from 1995 to 2009 (APC = 5.87, 95% CI 5.51, 6.24) (Table 2).
From 2009 to 2014, there was a less drastic yearly increase of 2.42% (APC =2.42,95% CI 1.11,
3.75). The average annual increase in AAIR from 1995 to 2014 was 4.95% (AAPC = 4.95,
95% CI 4.54, 5.36) (Figure 1).

(a) (b)
9
8
7
AAIR 6
Per
100,000
PY 5
4
3
2
1994 1998 2002 2006 2010 2014 1996 2000 2004 2008 2012

Year of Diagnosis

Both Countries Canada United States

Figure 1. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in Canada/United States combined (a), and from Canada and the
United States separately (b), from 1995 to 2014.
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Table 2. Annual percentage changes (APC) and average APCs (AAPC) based on Joinpoint regression trends in age-adjusted incidence of thyroid cancer among
pediatrics, adolescents, and young adults in Canada, the United States, and both countries combined from 1995 to 2014.

Both Countries Canada United States
0 1995-2014 AAPC N 1995-2014 AAPC 0 1995-2014 AAPC
Year Range APC (95% CI) (95% CI) Year Range APC (95% CI) ©95% CI) Year Range APC (95% CI) 95% CI)
Overall 1995-2009 5.87 (5.51, 6.24) 4.95 (4.54,5.36) 1995-1998 2.69 (~5.40, 11.47) 5.11 (3.21,7.05) 1995-2010 5.73 (5.41, 6.07) 4.87 (4.43,5.32)
2009-2014 242 (1.11,3.75) - 1998-2002 12.60 (4.82,20.96) 2010-2014 1.71 (—0.15, 3.60)
2002-2014 3.32 (2.63, 4.02)
Age
0-14 1995-2014 4.28 (3.36, 5.20) 4.28 (3.36, 5.20) 1995-2014 Not calculated- - 1995-2014 456 (3.58,5.54) 456 (3.58,5.54)
insufficient data
15-24 1995-2014 3.72 (3.34, 4.10) 372 (3.34,4.10) 1995-2014 2.90 (1.87,3.95) 2.90 (1.87, 3.95) 1995-2014 3.81(3.38,4.24) 3.81(3.38,4.24)
25-34 1995-2009 5.7 (5.30, 6.24) 4.53 (4.01, 5.06) 1995-2002 8.89 (4.92,13.01) 4.93 (3.40, 6.47) 1995-2010 5.67 (5.22,6.13) 4.47 (3.86, 5.08)
2009-2014 1.16 (—0.50, 2.85) - 2002-2014 2.68 (1.37, 4.01) 2010-2014 0.08 (—2.43, 2.66)
35-39 1995-1997 417 (~4.72,13.89) 5.99 (4.84,7.15) 1995-2003 11.35 (8.65, 14.12) 7.61 (6.42, 8.81) 1995-2009 7.13 (6.77,7.48) 5.91 (5.51, 6.30)
1997-2002 9.06 (6.42,11.77) - 2003-2014 497 (3.83,6.12) 2009-2014 2.56 (1.31,3.83)
2002-2009 6.41 (5.25,7.57) -
2009-2014 3.15 (1.85, 447) -
Sex
Male 1995-2014 5.22 (4.88, 5.55) 5.22 (4.88, 5.55) 1995-2014 5.50 (4.65, 6.35) 5.50 (4.65, 6.35) 1995-2014 5.17 (4.81,5.53) 5.17 (4.81, 5.53)
Female 1995-2009 5.92 (5.53, 6.31) 4.89 (4.45,5.32) 1995-1999 5.46 (0.54, 10.61) 5.17 (3.03, 7.37) 1995-2009 5.89 (5.54, 6.25) 491 (4.51,5.31)
2009-2014 2.04 (0.65, 3.45) - 19992002 15.38 (1.50, 31.16) 2009-2014 2.21 (0.94, 3.49)
2002-2014 2.68 (2.04,3.31)
Histology
Papillary 1995-2009 6.49 (6.09, 6.89) 5.50 (5.06, 5.94) 1995-2004 9.13 (7.27,11.02) 6.4 (5.48,7.41) 1995-2009 6.41 (6.02, 6.80) 5.4 (5.02, 5.87)
2009-2014 2.78 (1.40, 4.19) 2004-2014 4.08 (2.97,5.20) 2009-2014 2.78 (1.43, 4.15)
Follicular 1995-2006 2.00 (1.52, 2.49) 0.21 (~0.62, 1.05) 1995-2014 ~0.45 (—1.66,0.77) ~0.45 (~1.66, 0.77) 1995-2006 2.06 (1.51, 2.62) 023 (~0.72, 1.18)
2006-2012 —0.55 (~2.03, 0.96) 2006-2012 —031 (~2.00, 1.41)
2012-2014 ~7.00 (—13.33, —0.21) 2012-2014 ~7.81 (~14.95, —0.06)
Medullary 1995-2014 1.16 (047, 1.85) 1.16 (0.47, 1.85) 1995-2014 Not calculated- - 1995-2014 1.21 (049, 1.94) 1.21 (049, 1.94)
insufficient data
Anaplastic/Other 1995-2014 1.94 (0.68, 3.22) 1.94 (0.68, 3.22) 1995-2014 Not caleulated- - 1995-2014 2.15 (0.89, 3.42) 2.15 (0.89, 3.42)
insufficient data
Not Not calculated-
microscopically 1995-2003 6.62 (0.45,13.18) —5.60 (—8.97, —2.11) 1995-2014 onffision - 1995-2014 ~1.07 (~3.08,0.97) ~1.07 (—3.08,0.97)
confirmed insufficient data
2003-2014 ~13.60 (~18.03, —8.92)
Race/Ethnicity
Hispanic - - 1995-2014 4.99 (4.56,5.43) 4.99 (4.56, 5.43)
Nonﬁilzamc - - 1995-2009 6.30 (5.96, 6.64) 5.16 (4.7, 5.55)
2009-2014 2.03 (0.77, 3.30)
N"“ﬁi‘sﬁa’“ - - 1995-2003 8.36 (5.89, 10.88) 5.81 (4.70, 6.94)
2003-2014 4.00 (2.88,5.13)
Non-Hispanic
APL/ATAN - - 1995-1997 ~3.29 (~17.08, 12.79) 437 (2.22, 6.56)
19972006 5.47 (4.00, 6.96)
2006-2009 9.83 (~0.51,21.25)
2009-2014 2.40 (0.46, 4.37)




Cancers 2025, 17, 1429

8of 19

Table 2. Cont.

Both Countries

Canada

United States

1995-2014 AAPC

1995-2014 AAPC

1995-2014 AAPC

0, 0, 0,
Year Range APC (95% CI) (95% CI) Year Range APC (95% CI) ©95% CI) Year Range APC (95% CI) 95% CI)
Sex/Age
Male 0-14 1995-2014 3.52(1.72,5.34) 3.52(1.72,5.34) 1995-2014 nﬁ?&%ﬂ?ﬁfgg}; - 1995-2014 3.94 (2.10, 5.81) 3.94 (2.10, 5.81)
Male 15-24 19952014 4.40 (3.58, 5.22) 4.40 (3.58, 5.22) 1995-2014 4.10 (1.85, 6.40) 4.10 (1.85, 6.40) 1995-2014 4.43 (3.56, 5.30) 4.43 (3.56, 5.30)
Male 25-34 1995-2014 4.94 (4.50, 5.38) 4.94 (4.50, 5.38) 1995-2014 4.78 (342, 6.17) 4.78 (3.42,6.17) 1995-2014 4.94 (4.43, 5.45) 4.94 (4.43, 5.45)
Male 35-39 1995-2012 6.40 (5.85, 6.95) 5.50 (4.25, 6.77) 1995-2014 7.09 (5.95, 8.24) 7.09 (5.95, 8.24) 1995-2012 6.27 (5.71, 6.84) 5.28 (3.97, 6.61)
2012-2014 —1.84 (—12.54,10.18) 2012-2014 —2.79 (—13.89, 9.74)
Female 0-14 1995-2014 4.60 (3.76, 5.45) 4.60 (3.76, 5.45) 1995-2014 iii?:éigg:}:;?; 1995-2014 4.80 (3.95, 5.66) 4.80 (3.95, 5.66)
Female 15-24 1995-2014 3.59 (3.17, 4.00) 3.59 (3.17, 4.00) 1995-2004 6.54 (3.48, 9.69) 3.03 (1.40, 4.69) 1995-2014 3.69 (3.23, 4.15) 3.69 (3.23,4.15)
2004-2014 —0.03 (—2.01, 1.98)
Female 25-34 1995-2010 5.66 (5.19, 6.14) 4.32 (3.69, 4.96) 1995-2004 8.03 (5.39, 10.73) 4.55 (3.15, 5.97) 1995-2010 5.73 (5.25, 6.21) 4.40 (3.75, 5.05)
2010-2014 —0.54 (—3.16,2.14) 2004-2014 1.52 (—0.18, 3.24) 2010-2014 —0.46 (—3.12,2.27)
Female 35-39 1995-1998 5.98 (2.87,9.18) 6.12 (5.39, 6.86) 1995-2003 12.61 (9.59, 15.71) 7.70 (6.38,9.03) 1995-2008 7.44 (7.08,7.80) 6.07 (5.73, 6.40)
1998-2002 9.81(7.02,12.67) 2003-2014 4.26 (3.04,5.51) 2008-2014 3.16 (2.32, 4.00)
2002-2009 6.30 (5.53, 7.08)
2009-2014 3.09 (2.21,3.98)
Race/Sex
Hispanic Male - - 1995-2014 4.81 (4.09, 5.54) 4.81 (4.09, 5.54)
Hispanic Female - - 1995-2014 4.86 (4.40,5.34) 4.86 (4.40, 5.34)
Non-Hispanic
White Male . - 1995-2012 5.99 (5.46, 6.52) 5.22 (3.96, 6.49)
2012-2014 —1.13 (-12.05, 11.14)
Non-Hispanic
White Female - - 1995-2009 6.34 (5.99, 6.69) 5.11 (4.71,5.51)
2009-2014 1.73 (0.43, 3.04)
Non-Hispanic
Black Male - - 1995-2014 4.49 (2.96, 6.05) 4.49 (2.96, 6.05)
Non-Hispanic
Black Female - - 1995-2004 8.19 (6.29, 10.13) 5.92 (4.91, 6.94)
2004-2014 3.92(2.72,5.13)
Non-Hispanic
API/ATAN - - 1995-2004 2.94 (—0.56, 6.57) 5.36 (3.48,7.28)
Male
2004-2014 7.59 (5.43, 9.80)
Non-Hispanic
API/ATIAN - - 1995-1997 —4.53 (—18.25, 11.49) 3.94 (2.18,5.74)
Female
1997-2012 6.15 (5.58, 6.72)
2012-2014 —3.31(-11.12,5.19)
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3.3. Temporal Trends in Thyroid Cancer Incidence Rates in the United States vs. Canada

The AAIR in Canada (AAIR = 5.94, 95% CI 5.85, 6.04) was 9.6% higher than in the
United States (AAIR = 5.42, 95% CI 5.39, 5.45). In Canada, the 2014 AAIR (8.32 per
100,000 PY) was 149% higher than the 1995 rate (3.34 per 100,000 PY). In the United
States, the 2014 AAIR (7.64 per 100,000 PY) was 135% higher than the 1995 rate (3.25 per
100,000 PY). From 1995 to 1998, the AAIR in Canada remained stable, but from 1998 to
2002, the AAIR increased 12.60% annually (APC = 12.60, 95% CI 4.82, 20.96). The AAIR
continued to increase at a lower rate from 2002 to 2014 (APC = 3.32, 95% CI 2.63, 4.02).
The average of these trends was a 5.11% annual increase (AAPC = 5.11, 95% CI 3.21, 7.05).
In the United States, the AAIR increased 5.73% annually from 1995 to 2010 (APC = 5.73,
95% CI 5.41, 6.07) but remained stable from 2010 to 2014. This resulted in an average
annual increase of 4.87% (AAPC = 4.87, 95% CI 4.43, 5.32) (Figure 1). The parallelism test
comparing AAPCs in Canada and the US indicated that trend changes occurred at different
times in the two countries (p < 0.01); however, the difference in AAPCs was not significantly
different between the countries (AAPC difference = 0.24, 95% CI —1.74, 2.21).

3.4. Age at Diagnosis

Thyroid cancer incidence was significantly higher among 15-24-year-olds (RR = 13.73,
95% CI 13.15, 14.34), 25-34-year-olds (RR = 40.33, 95% CI 38.69, 42.06), and 35-39-year-olds
(RR = 55.66, 95% CI 53.38, 58.06) than in 0-14-year-olds. However, AAIRs for 0-14-year-
olds significantly increased by 4.28% annually from 1995 to 2014 (APC = 4.28, 95% CI 3.36,
5.20). AAIRs for 15-24-year-olds significantly increased 3.72% annually from 1995 to 2014
(APC =3.72,95% CI 3.34, 4.10). AAIRs for 25-34-year-olds significantly increased from
1995 to 2009 (APC =5.77,95% CI 5.30, 6.24) but remained stable from 2009 to 2014, resulting
in a significant 4.53% AAPC from 1995 to 2014 (AAPC = 4.53, 95% CI 4.01, 5.06). There
were three significant AAIR increases for 35-39-year-olds from 1997 to 2014 after stable
rates from 1995 to 1997, resulting in an average annual increase of 5.99% (AAPC = 5.99,
95% CI 4.84, 7.15) (Figure 2).

(a) (b) (c)

Both Countries Canada United States

30
25

20
AAIR
Per
100,000
PY

1994 1998 2002 2006 2010 2014 1996 2000 2004 2008 2012 1994 1998 2002 2006 2010 2014
Year of Diagnosis

0-14 15-24 25-34 35-39

Figure 2. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in Canada/United States combined (a). Canada (b), and the United
States (c) from 1995 to 2014, stratified by age at diagnosis. Groups with dotted lines had at least one
year with insufficient data; the dotted line represents their overall age-adjusted incidence rate from
1995 to 2014.
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3.5. Sex

Thyroid cancer incidence in both countries combined was over four times higher
among females than males (RR = 4.74, 95% CI 4.67, 4.81). AAIRs for males increased 5.22%
annually from 1995 to 2014 (APC = 5.22, 95% CI 4.88, 5.55). From 1995 to 2009, AAIRs for
females increased 5.92% annually (APC = 5.92, 95% CI 5.53, 6.31), and from 2009 to 2014,
AAIRs increased 2.04% annually (APC = 2.04, 95% CI 0.65, 3.45), resulting in an average
increase of 4.89% annually (AAPC = 4.89, 95% CI 4.45, 5.32) (Figure 3).

(a) (b) (c)
Both Countries Canada United States

AAIR 8
Per
100,000
PY 6

- «®
> . e
s - P
. . . .
P e ..

1994 1998 2002 2006 2010 2014 1996 2000 2004 2008 2012 1994 1998 2002 2006 2010 2014

Year of Diagnosis

Male Female

Figure 3. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in Canada/United States combined (a), in Canada (b), and in the
United States (c) from 1995 to 2014 stratified by sex.

3.6. Histology

Among the microscopically confirmed histologic types, papillary thyroid cancer had
the highest AAIR from 1995 to 2014 (AAIR = 4.93 per 100,000 PY), 13 times higher than
follicular (AAIR = 0.38 per 100,000 PY; RR = 0.08, 95% C1 0.07, 0.08), medullary (AAIR = 0.07
per 100,000 PY; RR = 0.02, 95% CI 0.01, 0.02), and anaplastic/other (AAIR = 0.06 per
100,000 PY; RR = 0.01, 95% CI 0.01, 0.01). The increase in rates was highest for papillary
(AAPC =5.50, 95% CI 5.06, 5.94), and less for medullary (AAPC =1.16, 95% CI 0.47, 1.85),
and anaplastic/other histology thyroid cancer (AAPC = 1.94, 95% CI 0.68, 3.22). By contrast,
AAIR:s for follicular thyroid cancer increased 2% annually from 1995 to 2006 (APC = 2.00,
95% CI 1.52, 2.49), remained stable from 2006 to 2012, and then decreased 7.00% annually
from 2012 to 2014 (APC = —7.00, 95% CI —13.33, —0.21), resulting in no significant overall
change in AAIRs from 1995 to 2014 (Figure 4).
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©) (b) (c)
Both Countries Canada United States
9
8
7
6
AAIR g ‘
Per
100,000 ot ‘. o®
py 4 - ’ o’
3 ‘ «*

0 . . . . - . N . . . . .
1994 1998 2002 2006 2010 2014 1997 2001 2005 2009 2013 1996 2000 2004 2008 2012
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Papillary Follicular Medullary Anaplastic/Other Not Microscopically Confirmed

Figure 4. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in Canada (b), the United States (c), and both countries (a) combined
from 1995 to 2014 stratified by histologic type. Groups with dotted lines had at least one year with
insufficient data; the dotted line represents their overall age-adjusted incidence rate from 1995 to 2014.

3.7. Race (United States Only)

The highest rates occurred among non-Hispanic White individuals (1995-2014
AAIR = 6.22), followed by non-Hispanic API/AIAN (AAIR = 5.43; RR = 0.87, 95% CI
0.85, 0.89) Hispanic individuals (AAIR = 4.38; RR = 0.70, 95% CI 0.69, 0.71), and non-
Hispanic Black individuals (AAIR = 2.59; RR = 0.42, 95% CI 0.41, 0.43). The change in rates
was also highest for non-Hispanic White individuals, with a 6.30% annual increase from
1995 to 2009 (APC = 6.30, 95% CI 5.96, 6.64) and a 2% annual increase from 2009 to 2014
(APC =2.03,95% CI1 0.77, 3.30), resulting in an AAPC of 5.16 (AAPC =5.16, 95% CI1 4.77,
5.55). Non-Hispanic API/AIAN individuals experienced AAIR increases from 1997 to 2006
(APC =5.47,95% CI 4.00, 6.96) and 2009 to 2014 (APC =2.40, 95% CI 0.46, 4.37), with an
AAPC of 4.37 (AAPC = 4.37,95% C1 2.22, 6.56). Among Hispanic individuals, there was
a 4.99% annual AAIR increase from 1995 to 2014 (APC/AAPC = 4.99, 95% CI 4.56, 5.43).
However, from 1995 to 2003, non-Hispanic Black individuals experienced an 8.36% annual
increase (APC = 8.36, 95% CI 5.89, 10.88) and a 4.00% annual increase from 2003 to 2014
(APC =4.00, 95% CI 2.88, 5.13). This resulted in an AAPC of 5.81% (AAPC =5.81, 95% CI
4.70, 6.94) (Figure 5).
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Figure 5. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in the United States stratified by race/ethnicity.

3.8. Sex/Age

When stratifying AAIR trends by sex and age in both countries combined, males
(AAPC range 3.52-5.50) and females (AAPC range 3.59-6.12) of all age groups experienced
similar relative AAIR increases from 1995 to 2014 (Figures 6 and 7).

(a) (b) (@

Both Countries Canada United States

AAIR
Per
100,000
PY

(-]

1994 1998 2002 2006 2010 2014 1997 2001 2005 2009 2013 1996 2000 2004 2008 2012
Year of Diagnosis

0-14 15-24 25-34 35-39

Figure 6. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among male
pediatrics, adolescents, and young adults in Canada/United States combined (a), Canada (b), and
the United States (c) from 1995 to 2014 stratified by age at diagnosis.
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Figure 7. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among female
pediatrics, adolescents, and young adults in Canada/United States combined (a), Canada (b), and
the United States (c) from 1995 to 2014 stratified by age at diagnosis.

3.9. Race/Ethnicity/Sex (United States Only)

Males and females of all race/ethnicity groups experienced significant AAIR increases
from 1995 to 2014 (AAPC range = 3.94-5.92) (Figure 8).

(C) (b) (c) (d)

Hispanic Non-Hispanic White Non-Hispanic Black Non-Hispanic API/AIAN

AAIR
Per
100,000
PY

Year of Diagnosis

Male Female

Figure 8. Joinpoint regression trends in age-adjusted incidence of thyroid cancer among pediatrics,
adolescents, and young adults in the United States stratified by race/ethnicity and sex.

4. Discussion

This study is the first to describe incidence trends in thyroid cancer among the PAYA
population of North America. We found a 137% increase in thyroid cancer incidence
among this young population in the last two decades. Thyroid cancer incidence rates
also increased when stratified by age at diagnosis, sex, and, in the United States, by
race/ethnicity. Papillary thyroid cancer, the most common histology, was the predominant
contributor to the increased incidence. Thyroid cancer incidence was higher in Canada than
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the United States for both males and females. Our results indicate an increasing incidence
even among younger age groups, mirroring findings from other high-income countries in
Europe and Asia [11]. These variations across different age groups and healthcare systems
underscore the complexity of global thyroid cancer trends.

We observed a slower rise in thyroid cancer incidence in recent years in both the
United States and Canada, similar to previous studies in older adult populations [6,8,10].
While we did not notice a significant difference in AAPCs between the United States and
Canada overall, individuals from the ages of 25 to 34 and 35 to 39 tended to have higher
incidence in Canada than the United States. The Canadian healthcare system provides
universal healthcare access at no cost to the patient, which removes barriers to access and
therefore might increase the risk of overdiagnosis. In the United States, non-Hispanic
White individuals exhibited the highest incidence rates, while lower rates were seen among
ethnically minoritized groups, likely attributed to poorer access to insurance and health
care [26]. While limited healthcare access certainly has been associated with worse health
outcomes, it is worth considering whether, in this context, it may also reduce the risk of
overdiagnosis. The less drastic increase in incidence we saw around 2009 in the United
States coincides with the ATA’s recommendation against fine needle aspiration for every
thyroid nodule [27]. However, since 35 years old marks the threshold for recommended
thyroid dysfunction screening per ATA guidelines [22,28], the large increase we saw in
the 35-39 age group in our study may reflect potential overdiagnosis due to both thyroid-
related screening and incidental findings on imaging ordered for other indications. In
2017, the United States Preventive Services Task Force (USPSTF) recommended against any
routine thyroid cancer screening [29], and a recent study suggested that physicians who
did routine TSH and cancer tests were more likely to diagnose thyroid cancer [30]. We are
beginning to see plateaus in thyroid cancer incidence in the United States, potentially as
an effect of policy changes influencing diagnostic pressure, though incidence remaining at
high levels still suggests overdiagnosis is a public health issue requiring attention [16].

Pediatric and younger adults are least likely to be exposed to asymptomatic screening,
as most cases of thyroid cancer are diagnosed in individuals 40 years of age or older [9].
However, we found an increased incidence in all age groups in both the United States
and Canada. This is most significant in the 0-14 age group, who should have the least
risk of being inappropriately screened. The increasing incidence of thyroid cancer among
PAYA populations raises concerns about overdiagnosis as a significant contributing factor.
Overdiagnosis refers to the detection of cancers that would not have caused symptoms or
harm during a patient’s lifetime [4,11]. In the context of thyroid cancer, this phenomenon
has been linked to the widespread use of advanced diagnostic tools, such as high-resolution
ultrasonography and fine-needle aspiration biopsies, leading to the identification of sub-
clinical, indolent tumors [11,31]. Additional factors like access to healthcare, and therefore
imaging, as well as physician practice preferences also contribute to overdiagnosis [7]. As
higher resolution imaging by ultrasound, CT, and MRI has become more widely used,
thyroid masses may be incidental findings in imaging of the head and neck or chest, and
lead to further investigation. These “incidentalomas” may be a large proportion of the
“cancers” found. In both the United States and Canada, overdiagnosis of subclinical thyroid
tumors has been identified as a problem that puts PAYA populations in particular at risk of
overtreatment [4,8].

While much of the recent literature has suggested that the increasing incidence of
thyroid cancer is partly due to overdiagnosis [3,7,10,32], other studies explored additional
causes. In Canada, Harper et al. (2023) identify thyroid cancer as the primary driver of
increasing AYA cancer incidence, highlighting its growing public health relevance [33].
However, recent data suggest that this trend may be shifting, particularly among female
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patients. Norwood et al. (2020) reports a decline in thyroid cancer rates among females
in Ontario, mirroring patterns observed in the United States [34]. This decline may be
attributed to the 2015 guideline changes discouraging the evaluation of sub-centimeter
thyroid nodules, thereby reducing overdiagnosis [34,35]. Despite this, age—period—cohort
effects continue to influence non-incidentally detected thyroid cancer cases, aligning with
previous findings in Canada [34]. Liu et al. (2001) further supports the role of cohort
and period effects in shaping thyroid cancer incidence, demonstrating that increases ob-
served between 1970 and 1996 were largely attributable to birth cohort effects in males
and both birth cohort and period effects in females [36]. These patterns suggest that envi-
ronmental or behavioral changes over time, such as increased childhood and adolescent
radiation exposure, may have contributed to rising thyroid cancer rates, particularly in
Canada [36]. Collectively, these findings indicate that while overdiagnosis has played a role,
other etiological factors, including radiation exposure and generational risk shifts, may be
influencing thyroid cancer trends in AYA populations. Recent population-based studies
from the United States also saw increased incidence rates of all sizes of pediatric thyroid
cancer, of which the larger tumors were unlikely to have been found incidentally [9,19,37].
Including our findings across the PAYA age spectrum of North America, these findings all
question whether medical surveillance or overdiagnosis alone is the driver of the persis-
tently increasing incidence seen in thyroid cancer. Studies of the pathway to diagnosis for
these cancers may elucidate the reasons better, and therefore how to find those that are
worth identifying while minimizing overdiagnosis.

Another proposed environmental factor associated with increased thyroid cancer
incidence is obesity. Several studies, including meta-analyses, have described an association
between increased BMI and thyroid cancer in both males and females, including young
adult patients [38-41]. As the United States is currently experiencing an epidemic of
childhood obesity [42], it is plausible that in addition to overdiagnosis, the increasing
overweight and obesity rates may be an important contributing factor to the increased
incidence of thyroid cancer seen in the PAYA population from the United States and other
developed nations, including Canada [42,43]. Future studies should examine other factors
that may be associated with the increasing incidence of thyroid cancer [44], including the
potential role of estrogen [45].

4.1. Global Trends in Thyroid Cancer Incidence

Global comparisons in thyroid cancer incidence rates must be interpreted with nuance,
as diagnostic and screening practices vary considerably by region. Similar to our observa-
tions, incidence has increased substantially in Europe, particularly in France and Italy, and
even more dramatically in South Korea [11]. Countries such as the Republic of Korea have
shown extremely high detections of subclinical thyroid nodules due to widespread ultra-
sonography [4,17], whereas more moderate increases in Japan and the Nordic countries
suggest the less prominent role of imaging-driven overdiagnosis in those settings [3,11].
The North Africa and Middle East region reported an age-standardized incidence rate
of 3.5 per 100,000 population [46]; the lower incidence rates in this region compared to
other countries globally may result from underreporting, limited access to healthcare, and
less widespread use of diagnostic tools. While studies examining thyroid cancer rates in
migrant populations are limited, a study of Asian immigrant populations in the United
States suggests that incidence patterns are associated with birthplace, highlighting the im-
portance of environmental and healthcare access factors in driving thyroid cancer risk [47].
Considering pediatric populations, a recent global meta-analysis of pediatric thyroid cancer
found that while differentiated thyroid carcinoma remains rare in children and adolescents,
incidence has been rising worldwide, particularly among Caucasian females [48]. Our
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study addresses a major limitation of prior studies included in this meta-analysis by pro-
viding detailed rates by sex and age group [48]. Their findings align with our observations
in PAYA populations, reinforcing the need to understand how overdiagnosis and other
social and environmental influences contribute to increasing incidence.

4.2. Clinical and Public Health Implications

The current study estimates that between 1995 and 2014, thyroid cancer incidence
in North America increased annually by 4% among 0-14-year-olds, 4% among 15-24, 6%
among 25-34-year-olds, and 4% among 35-39-year-olds. While increases were mostly
associated with papillary thyroid cancer, there were also minor increases in medullary and
follicular thyroid carcinomas. The disproportionate increase in papillary thyroid cancer inci-
dence compared to other thyroid cancer subtypes likely reflects a combination of increased
subclinical detection, its characteristically indolent course, histological reclassification, and
distinct environmental influences like childhood radiation exposure [3,8,10]. Papillary thy-
roid cancer is the most easily identified thyroid malignancy through fine-needle aspiration
and ultrasonography, contributing to its increasing detection rate, especially for small sub-
clinical tumors [3]. Additionally, histological reclassification has led to increased diagnoses
of follicular-variant papillary thyroid carcinoma, further driving incidence trends [10].
Overdiagnosis and overtreatment in the face of diagnostic uncertainty can have major
life-long implications for comorbidity in overtreated PAYA patients, including unnecessary
surgery, hormone replacement therapy, and the costs associated with surveillance [49].

4.3. Strengths and Limitations

This study has some important limitations. First, while we described trends in the
incidence of thyroid cancer over two decades, the descriptive, retrospective nature of our
data means we cannot ascribe causality to the factors described. Second, our analysis is
limited by the use of registry data, which may be subject to regional differences in case
ascertainment and completeness. However, we only used high-quality NAACCR Gold or
Silver certified registries to ensure at least 90% case ascertainment completeness [50]. Third,
our data do not provide information on thyroid cancer risk factors such as prior radiation
exposure. While we were able to compare overall incidence in the United States versus
Canada, we could not compare racial differences due to a lack of race information from the
Canadian data.

Notwithstanding these limitations, our study makes an important contribution to the
thyroid cancer epidemiology and surveillance literature in North America. It describes 20-
year incidence trends in thyroid cancer, using the largest population-based data available,
and shows the rising incidence of thyroid cancer in the PAYA population of North America.
In light of the USPSTF recommendation against thyroid cancer screening [29], future
studies should monitor how the incidence of thyroid cancer changes with changes in
medical procedures and recommendations. Finally, future research should continue to
analyze incidence trends beyond our study period, comparing patterns between the United
States and Canada, and should incorporate individual-level pathology data such as tumor
stage, histologic subtype, and extent of disease at initial surgery to better understand the
factors driving these trends.

5. Conclusions

We describe 20-year incidence trends and show the rising incidence of thyroid cancer
in the PAYA population of North America, similar to those found among older segments
of the population. This upward trend was consistent across all age groups, with the most
pronounced increases observed in older young adults. Incidence was higher among females



Cancers 2025, 17,1429

17 of 19

References

and individuals in Canada compared to the United States, and among non-Hispanic White
individuals compared to other racial and ethnic groups in the United States. This suggests
that access to care is a strong driving factor, leading to the hypothesis that overdiagnosis
is a large component of the increase in incidence rates. While evidence suggests that
overdiagnosis—driven by increased incidental imaging, physicians’ overcalling of thyroid
tumors, and disparities in healthcare access—primarily accounts for this trend, other con-
tributing factors cannot be ruled out. Given the risk for unnecessary thyroidectomy and
lifelong hormone replacement, it is crucial to reassess the role of incidental imaging to
prevent avoidable medical interventions and long-term patient harm in the PAYA popula-
tion. Finally, continuing research and surveillance of the drivers of rising thyroid cancer
incidence is critical.
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