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Background: An ongoing epidemic of thyroid carcinoma (TC) has affected Americans since 1975. Under-
standing the contribution of subclinical disease and the mechanism of such disease detection may help to alter
the course of this epidemic.
Methods: We used Rochester Epidemiology Project resources to examine the incidence of TC cases, disease
specific mortality, and method of diagnosis during 1935 through 2012. During 2000–2012, we also extracted the
mechanism of detection of clinically occult tumors.
Results: The age-adjusted incidence (AAI) for TC increased from 7.1 [95% confidence interval (CI) 5.5–8.8]
per 100,000 person-years (p-y) during 1990–1999 to 13.7 [CI 11.8–15.6] per 100,000 p-y during 2000–2012,
with no change in disease-specific mortality since 1935. The incidence trend analysis stratified by the mech-
anism of detection revealed the AAI of clinically recognized TC was 5.5 per 100,000 p-y [CI 3.4–7.5] in 1960–
1969, a rate similar to the incidence seen during 2000–2012. However, AAI of clinically occult TC increased
from 0.2 per 100,000 p-y [CI 0.0–0.6] in 1935–1949 to 1.9 per 100,000 p-y [CI 1.2–2.9] in 1990–1999 and to 7.4
per 100,000 p-y [CI 6.0–8.8] in 2000–2012. During 2000–2012, the most frequent reasons for recognition of
‘‘occult’’ tumors were (1) incidental discovery during diagnostic neck imaging in 40 (19%), (2) pathology
review of specimens from thyroid surgery for benign conditions in 29 (14%), and (3) investigations of patients
with symptoms or palpable nodules that were clearly not associated with coexistent but occult TC but triggered
the use of diagnostic neck imaging in 37 (27%).
Conclusions: In this population-based study conducted in Olmsted County, Minnesota, the rapid increased
incidence of TC during 2000–2012 can be completely attributed to the increased diagnosis of occult TCs, which
are mainly found through the use of diagnostic neck imaging. The incidence of clinical TC and disease-specific
TC mortality remains stable since 1970, implying that the observed increased incidence is due to the increased
detection of subclinical lesions.

Introduction

There is currently an epidemic of thyroid cancer (TC)
in the United States. The Surveillance, Epidemiology,

and End Results (SEER) program data suggests that the in-
cidence of TC increased from 4.9 in 1975, to 14.3 cases per
100,000 individuals in 2009 (1). Currently, TC has the most
rapid increase in incidence of any cancer, such that it has been
estimated that by 2019 TC will become the third most com-
mon cancer in women (2). This surge of TC cases has been
especially pronounced over the last decade, leading to a
substantial impact on the cost of care. In 2013, the aggregate

national cost of care for well-differentiated TC in the United
States was $1.6 billion, and by 2030 it will likely exceed
$3.55 billion (3). This economic burden also impacts indi-
viduals, since patients with TC are 2.5-fold more likely to file
for bankruptcy than those without cancer, a rate that is higher
than seen for any other malignancy (4).

The rapid change of TC incidence has been attributed to
the detection of small lesions. Many of these small lesions are
found in asymptomatic patients who may not receive sig-
nificant benefit from thyroid surgery and adjuvant therapies
(5). Brito et al. (6) have suggested that the main mechanism
of detection for these lesions is the increasing use of imaging
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technology, but likely it is not the only one. For instance, a
retrospective study found that about 47% of incidental TC
lesions were found in the course of histologic review of
thyroid glands removed for apparently benign conditions (7).

To the extent that clinically ‘‘silent’’ lesions may con-
tribute significantly to the increased incidence of TC, one
approach to a better understanding of the rapidly increasing
incidence of TC is to identify the mechanism of detection of
these lesions and to design interventions to manage them. To
date, administrative datasets, such as SEER, have contributed
to our understanding of TC incidence trends. However, these
data sources cannot provide information regarding how pa-
tients were diagnosed. This limitation can be overcome using
population-based clinical datasets.

The Rochester Epidemiology Project (REP) medical re-
cords linkage system was utilized to study disease epidemi-
ology and patterns of health care among the residents of
Olmsted County, Minnesota (8). The data set includes patients
from all medical care facilities used by residents of Rochester,
Minnesota (estimated population of 164,129 in 2012) and
encompasses the Mayo Clinic, the Olmsted Medical Center
and individual private practices across Olmsted County.

The REP maintains a database of all of the TC cases diag-
nosed from 1935 to 1999. Based on this database, several
analyses of the incidence trends in TC cases during this period
of time have been published elsewhere (9,10). This database
includes several variables including which TC cases were
found clinically with physical exam. Here we present an up-
date to this database to include mortality data and in addition
used the REP to identify all cases of TC from 2000 to 2012 and
explore the mechanism of diagnosis of TC during this period.

Methods

Patient identification and data collection

Our study was approved by the institutional review boards at
the Mayo Clinic and Olmsted Medical Center. The REP links
and archives the medical records of virtually all persons re-
siding in Olmsted County, Minnesota. The linkage process
primarily involves matching records by using computer algo-
rithms and is augmented by routine manual verification of
questionable matches (11). The linkage method has been val-
idated showing high sensitivity and excellent specificity (12).

From this comprehensive medical records system from all
health care providers in the county, and following the meth-
odology used to identify TC cases from 1935–1999 (9), an
experienced retrieval specialist created a cohort of 566 cases by
using the Rochester Medical Index database and the World
Health Organization’s International Classification of Diseases,
ninth edition, billing codes for thyroid malignancy. However,
this list also included many cases of neck lymphomas and other
neck malignancies (reflecting the high sensitivity of the ap-
proach). Thus, from these 566 cases, we searched for pathology
reports to confirm the presence of one of the following diag-
noses: papillary, follicular, Hürthle cell, medullary, anaplastic
TC or TC not otherwise specified. This left 213 confirmed cases
of TC. Two reviewers independently extracted information for
the first 10 charts. This information was then compared for
accuracy. Any discrepancy was resolved by discussion and
further review of medical records. Then, another 50 charts were
reviewed independently. Chance-adjusted inter-rater agreement
for this stage was high (kappa statistic = 0.81), and discrepancies
were resolved by discussion. Reviewers then proceeded with
abstraction of the rest of the charts independently. At the end of
the abstraction, several charts were randomly chosen to verify
accuracy.

From each chart we abstracted the date of initial diagnosis
of TC, demographic data (including residency based on zip
codes), histological type of the tumor, the staging of the tu-
mor, the triggers of TC diagnosis, and which patients may
have died because of TC (disease-specific mortality).

Mechanism of detection

For the time period 1935–1999, we extracted from the
available database the cases that were palpable or symptomatic
at presentation and labeled clinically recognized. Cases that
were not palpable or symptomatic at presentation were labeled
as clinically occult. In order to confirm the accuracy of this
extraction, we reviewed the records of 20 patients from the
period 1990–1999 and confirmed the accuracy of extraction.
For the period 2000–2012, the majority of records are avail-
able electronically, including results of imaging studies and
pathology reports. This allowed us to explore the mechanism
of detection. For this period, the triggers of TC diagnosis were
classified following a prespecified framework (Table 1). For

Table 1. Definitions for the Methods of Detection

Methods of detection before thyroid surgery
Screening When a thyroid nodule harboring thyroid cancer is found during a physical exam

(thyroid palpation) of an asymptomatic patient.
Symptomatic nodule When a thyroid nodule harboring thyroid cancer is found during a physical exam

(thyroid palpation) or imaging study in a symptomatic patient.
Unrelated tests When a thyroid nodule harboring thyroid cancer is found during the work up of non-nodular

thyroid disease (e.g., patient with hyperthyroidism who has a thyroid ultrasound positive
for a nodule).

Incidental imaging When a thyroid nodule harboring thyroid cancer is found during an imaging test requested
for reasons unrelated to a thyroid disorder or symptom. This category, however, also
includes patients who had an imaging test for possible palpable or symptomatic nodule
but the nodule harboring thyroid cancer is not related to any of these symptoms.

Method of detection after thyroid surgery
Incidental histological Thyroid cancer is found incidentally in the histological examination of the thyroid gland

removed for a benign condition (e.g., Graves disease).
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screening cases, we further determined whether the nodule
palpated by the clinician corresponded with the nodule har-
boring cancer or if the nodule harboring cancer was found as
part of imaging studies triggered by a palpated nodule; for
instance, a nodule harboring cancer found in the contralateral
lobe of the palpated nodule was deemed not associated with a
palpated nodule and thus classified under the category of
incidental imaging. When TC was diagnosed incidentally by
imaging, we recorded the modality of imaging used. Simi-
larly, we defined the indication for thyroid surgery for inci-
dental cases found histologically. For patients in whom the
work-up was initiated for symptoms, we determined whether
or not the symptoms were likely related to the malignant
nodule. For instance, patients were classified as ‘‘unlikely’’ if
the symptom was difficulty swallowing but the nodule har-
boring cancer was less than 1 cm in maximum diameter.
Finally, for the ‘‘unrelated test’’ category, we recorded the
condition that initiated the workup. A useful framework to
describe the triggers of diagnosis has been described previ-
ously (13). However, we do not use this framework because
we have used different definitions for symptomatic nodules
and for the evaluation of tests unrelated to symptomatic
nodules and use a category of ‘‘incidental histological’’ not
included in this other framework.

To maintain concordance with the wording and classifi-
cation of the mechanism of detection already used in the
period 1935–1999, TC lesions that did not cause any symp-
toms or were clinically silent were considered ‘‘occult’’
cases, and the remaining cases were considered ‘‘clinically
recognized.’’

Mortality

To assess mortality and cause of death for all TC cases
(1935–2012), we used the Rochester Epidemiology Death
Data System. This death data source includes, but is not
limited to, the State of Minnesota Electronic Death Certifi-
cates, Olmsted County Electronic Death Certificates, and

National Death Index. Additionally, each chart was reviewed
to search for the death certificate and cause of death.

Analytic plan

We summarized continuous variables using means and
standard deviations and categorical variables using percent-
ages. We used two-sample t-tests and Pearson’s chi-squared
tests to test hypotheses of differences between groups in
continuous and categorical variables, respectively. For inci-
dence analysis of TC and disease-specific mortality, age- and
sex-adjusted incidence rates were based on direct standardi-
zation against the 1990 data for the 1935–1999 cohort and
against the 2010 U.S. white population for the 2000–2012
cohort, with the corresponding denominators derived from
annual census figures for Olmsted County, assuming that the
entire population was at risk (12). We estimated 95% confi-
dence intervals [CIs] assuming the Poisson distribution for
number of cases.

Results

From 1935 to 2012, 476 cases of TC were diagnosed in
Olmsted County, Minnesota. The mean age at diagnosis was
46.3 years (standard deviation [SD] 16.6 years); 72% were
female, 86% were papillary thyroid cancers (PTC) and the
mean tumor size was 1.88 cm (SD 1.5 cm). The mean MACIS
(metastasis, age, completeness, invasion, and size) score was
4.78 (SD 1.8) with 86% of the TCs having MACIS score less
than 6. Finally, the most frequent type of thyroid surgery for
TCs was total/near total thyroidectomy, 53% (Table 2).

From 1935 to 1999, 59 (23%) were clinically occult and
203 (77%) were clinically recognized TC cases. From 2000
to 2012, the period in which we were able to extract the
triggers of diagnosis in more detail, the mechanisms that
ultimately led to the discovery of a thyroid nodule harboring
malignancy were: (a) physical examination in an asymp-
tomatic patient (77; 36%); and (b) evaluation of patients with

Table 2. Demographic Variables and Comparison Between Two Time Periods

Entire cohort 1935–2012 1935–1999 2000–2012
(n = 476) (n = 263) (n = 213) p Value

Age at diagnosis in years, mean (SD) 46.2 (16.6) 46 (17.8) 46.3 (14.9) 0.84
Female, n (%) 342 (72) 193 (73) 149 (79) 0.04
Size of tumor, mean (SD) 1.88 (1.5) 1.98 (1.6) 1.76 (1.2) 0.09
MACIS score, mean (SD)* 4.78 (1.6) 4.6 (1.5) 4.7 (1.3) 0.44
MACIS score < 6, n (%)* 398 (85) 184 (86) 175 (88) 0.38

Papillary, n (%) 413 (86) 216 (82) 199 (93) < 0.01
Follicular, n (%) 21 (4) 15 (6) 6 (3) 0.48
Hürthle, n (%) 20 (4) 19 (7) 1 (0.5) –
Medullary, n (%) 12 (3) 8 (2) 4 (2) –
Metastatic, n (%) 1 (0) 0 (0) 1 (0.5) –
Anaplastic, n (%) 6 (1) 6 (2) 0 (0) –
Lymphoma, n (%) 2 (0) 0 (0) 2 (1) –
Total/near total thyroidectomy, n (%) 236 (50) 60 (23) 176 (83) < 0.01
Hemithyroidectomy, n (%) 176 (37) 152 (56) 24 (11) < 0.01
Subtotal thyroidectomy, n (%) 30 (6) 21 (8) 9 (4) 0.41
Other, n (%) 4 (1) 3 (1) 2 (1) –
Not able to assess, n (%) 30 (6) 30 (12) 0 (0) –

*Only cases of papillary thyroid cancer were used for this analysis.
MACIS, metastasis, age, completeness, invasion, and size (14); SD, standard deviation.
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symptomatic nodules (60; 28%). Within these two groups
(137 cases), 37 of the nodules that harbored cancer were
neither the palpated nodule nor the nodule that was deemed to
be causing the patient’s symptoms, but instead a separate
nodule found during the evaluation.

Forty cases (19%) were found incidentally during an im-
aging procedure. The most frequent imaging modalities were
computed tomography (14; 7%) and ultrasound (12; 6%).
The reasons for imaging in these 40 patients were: (a) work-
up for other cancer (10; 5%); (b) neuromuscular complaints
(8; 4%); (c) ear/nose or throat discomfort (5; 2%); (d) dis-
covery strategy—to understand the origin of a systemic (5;
2%), endocrine (5; 2%), infection (4; 2%), or other (3; 1%)
type of symptom.

Finally, 29 cases (14%) were found in the histology of
thyroid glands that were removed for benign indications, 5
(2.3%) cases were found as a consequence of unrelated tests
as part of the work-up of hypothyroidism, and 2 cases (1%) of
TC were found when the surgeon observed, intra-operatively,
a suspicious thyroid nodule during the removal of a para-
thyroid adenoma.

Of the 213 cases from 2000 to 2012, 100 were cases in
whom the palpated nodule or symptoms were triggers of di-
agnosis and classified as clinically recognized, whereas 113
were clinically occult (Fig. 1). Taken together, from 1935 to
2012, 303 (64%) were clinically recognized and 172 (36%)

were clinically occult TC cases. The occult cases, when com-
pared with clinically recognized cases, were significantly older
at diagnosis (mean age 51 vs. 44 years, p < 0.01), had smaller
lesions (mean tumor size 1.2 cm vs. 2.3 cm, p < 0.01) included a
similar distribution of low-risk (14) (MACIS score < 6) pap-
illary cancers (82% vs. 87%, p = 0.08), and had a higher pro-
portion of papillary histology (94 vs. 83, p < 0.01) (Table 3).

Incidence of TC from 1935 to 2012.
The age-adjusted incidence of TC progressively increased

from the period 1935–1949 (1.8 per 100,000 p-y [CI 0.6–4.7])
through 1950–1959 (5.3 per 100,000 p-y [CI 2.8–7.8]) to 1960–
1969, (8.1 per 100,000 p-y [CI 5.5–10.5]). The incidence re-
mained stable from 1970 to 1990. However, the age-adjusted
incidence for TC increased from 7.1 per 100,000 p-y [CI 5.5–
8.8] during 1990–1999 to 13.7 per 100,000 p-y [CI 11.8–15.6]
during 2000–2012. Furthermore, 11 out of 476 patients (2.3%)
died from thyroid cancer from 1935 to 2012 (Appendix Table
A1), with no significant change in the age-adjusted specific
disease mortality—0.3 per 100,000 p-y [CI 0.1–1] in 1935–1945
and 0.2 per 100,000 p-y [CI 0.1–0.45] in 2000–2012 (Fig. 2).

The age-adjusted incidence in women has been consis-
tently higher than in men. This difference was more pro-
nounced between 2000 and 2012 where the age-adjusted
incidence in women during this period was 18.9 [CI 15.8–
21.9] per 100,000 p-y, and in men, 8.6 [CI 6.4–12.8] per
100,000 p-y ( p < 0.001) (Fig. 2). The size of the primary

FIG. 1. Methods of thyroid cancer detection for the 2000–2012 cohort. CT, computed tomography; MNG, multinodular
goiter; MRI, magnetic resonance imaging; PET, positron emission tomography; US, ultrasound.
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tumor has decreased with time. From 1935–1949 the mean
size of the primary tumor was 2.5 cm, yet during 2000–2012
the mean size of the primary tumor was 1.7 cm, (r2 0.008,
p = 0.04) (Fig. 3).

The incident cases of papillary thyroid cancer (PTC) and
PTC with a MACIS score less than 6 (14) (low-risk thyroid
cancer) are shown in Figure 4. The proportion of thyroid
cancer cases treated with bilateral lobar resection (total, near,
or subtotal thyroidectomy), as against lesser degrees of thy-
roid resection, significantly increased after 1999 (Fig. 4).

The incidence trend analysis by the mechanism of detec-
tion revealed that the sex-adjusted incidence of clinically
recognized TC was 5.5 per 100,000 p-y [CI 3.4–7.5], a rate
similar to the rate seen during 1990–1999 and 2000–2012. In
contrast, the sex-adjusted incidence of clinically occult TC

increased from 1.9 per 100,000 p-y [CI 1.2–2.9] in 1990–
1999 to 7.4 per 100,000 p-y [CI 6–8.8] in 2000–2012 (Figure
5). The average size of clinically recognized (r2 0.003,
p = 0.3) and clinically occult tumors (r2 0.008, p = 0.22) were
essentially unchanged over time (Fig. 3).

Discussion

We found that the incidence of TC has increased signifi-
cantly among Olmsted County residents from 1935 to 2012.
The more pronounced increase, however, happened during

Table 3. Comparison Between Triggers of Diagnosis

1935–1999 2000–2012 1935–1999 2000–2012

Clinically
occult

Clinically
occult

Total
clinically

occult
Clinically
recognized

Clinically
recognized

Total
clinically

recognized

p Value
(occult vs.
clinically

recognized)(n = 59) (n = 113) (n = 172) (n = 203) (n = 100) (n = 303)

Age at diagnosis in years,
mean (SD)

52.3 (20) 49.6 (14.9) 50.6 (17) 44.2 (16) 42.7 (14.14) 43.7 (15.8) 0.01

Female, n (%) 37 (63) 79 (70) 116 (68) 157 (77) 70 (70) 226 (74) 0.09
Size of tumor, mean (SD) 0.98 (1) 1.3 (1) 1.19 (1) 2.3 (1.6) 2.26 (1.2) 2.3 (1.5) 0.01
MACIS score, mean (SD)* 5 (1.7) 4.6 (1.2) 4.8 (1.5) 4.8 (1.8) 4.7 (1.4) 4.8 (1.7) 0.86
MACIS score < 6, n (%)* 41 (70) 94 (87) 135 (82) 177 (87) 81 (89) 258 (87) 0.08

Papillary, n (%) 53 (90) 108 (96) 161 (94) 162 (80) 91 (91) 253 (83) 0.001
Follicular, n (%) 2 (3) 3 (2) 5 (3) 13 (6) 3 (3) 16 (5) 0.22
Hürthle, n (%) 1 (2) 1 (1) 2 (1) 17 (8) 0 (0) 17 (6) –
Medullary, n (%) 3 (5) 1 (1) 4 (2) 5 (2) 3 (3) 8 (3) –
Metastatic, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 1 (1) 1 (0) –
Anaplastic, n (%) 0 (0) 0 (0) 0 (0) 6 (3) 0 (0) 6 (2) –
Lymphoma, n (%) 0 (0) 0 (0) 0 (0) 0 (0) 2 (2) 2 (1) –
Total/near total

thyroidectomy, n (%)
11 (19) 88 (78) 99 (52) 48 (23) 90 (90) 138 (45) 0.01

Hemithyroidectomy, n (%) 22 (37) 19 (17) 41 (20) 130 (64) 5 (5) 135 (45) 0.01
Subtotal thyroidectomy, n (%) 5 (8) 4 (4) 9 (5) 16 (8) 5 (5) 21 (7) 0.46
Other, n (%) 1 (2) 2 (2) 3 (2) 0 (0) 0 (0) 0 (0) –
Not able to assess, n (%) 20 (34) 0 (0) 20 (21) 10 (5) 0 (0) 10 (3) 0.01

FIG. 2. Age-adjusted incidence of thyroid cancer and
thyroid cancer mortality in Olmsted County, Minnesota,
from 1935 to 2012.

FIG. 3. Mean of the size of primary tumor, in centimeters,
from 1935 to 2012. Dotted line shows the size of the tumor
during the 2000–2012 time period of the clinically apparent
cases only.
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the last 12 years of the observation period. During this pe-
riod, the incidence rate of thyroid cancer was 13. 7 per
100,000 p-y—almost double the incidence rate of 7.1
for1990–1999 and similar to the incidence of 14.3 observed
in 2009 by the SEER analysis (1). The analysis including the
mechanism of detection revealed that the rapid increase in
incidence of TC during the last period, 2000–2012, is at-
tributable to the increased diagnosis of occult TCs, whereas

the incidence of clinically recognized TC has not changed
over the last four decades.

Limitations and strengths

Our use of the REP gives us the ability to examine the
health care of Olmsted County’s residents regardless of age,
sex, ethnicity, insurance, socioeconomic status, and setting of
care delivery. Therefore, it allowed us to follow patients
across the full spectrum of disease—from symptoms through
the final diagnosis—without relying on administrative data
(8). However, all types of epidemiological studies raise
concerns about generalizability from the study sample to the
target population and from the target population to other
populations or to the entire United States. A study comparing
the characteristics of the Olmsted County, Minnesota popu-
lation with the characteristics of other populations revealed
that age, sex, and ethnic characteristics of Olmsted County
were similar to those of the state of Minnesota and the Upper
Midwest from 1970 to 2000. However, Olmsted County was
less ethnically diverse than the entire U.S. population (15).
Thus, it is possible that the relationship of the mechanism of
detection and the incidence of thyroid cancer varies de-
pending on the source of data; however, the similarities be-
tween our thyroid cancer incidence rate in 2000–2012 and the
nationally representative SEER cancer incidence rate inci-
dence rate in 2009 suggest that the variation may be minimal.
Likewise, results from other studies in Olmsted County have
generally been consistent with national data (16,17). Thus,

FIG. 4. Age-adjusted incidence of thyroid cancer in Minnesota, from 1935 to 2012. (A) Incidence rates of papillary
thyroid cancer (PTC) vs. nonpapillary thyroid cancer. (B) Incidence rates of low-risk PTC [MACIS (metastasis, age,
completeness, invasion, and size) score < 6] vs. high-risk PTC (MACIS > 6). (C) Incidence of thyroidectomies and
lobectomies. (D) Incidence of thyroid cancer by sex.

FIG. 5. Age-adjusted incidence of thyroid cancer by
method of detection in Olmsted County, Minnesota, from
1935 to 2012.
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our findings are very likely relevant to the increasing inci-
dence of thyroid cancer across most centers of medical care.
Additionally, given the retrospective extraction of data, we
could have misclassified patients into our categories of the
methods of detection. To curtail this bias, the two extractors
discussed the debatable cases to achieve consensus; when
consensus was not achieved easily, we decided to err on the
side of caution and classify these cases as ‘‘clinically ap-
parent.’’ Finally, our analysis of the triggers of detection has
limitations. The method for the extraction of diagnosis trig-
gers during 1935–1999 differed from the framework used
during 2000–2012. This different methodology did not allow
us to understand how the occult tumors during 1935–1999
were found, and it may have led to misclassification of some
of clinically recognized cases. However, the fact that the
average size of the occult tumors during 1935–1999 is the
same as the size of the occult tumors during 2000–2012
suggests that misclassification is unlikely.

The results from this population study provide strong ev-
idence that the increase in TC incidence is secondary to in-
creased TC detection and not due to an increase in clinically
apparent disease. Cadaveric studies several decades ago,
from patients who died from nonthyroid-related causes,
demonstrated that one-third of such patients harbored TC
lesions without knowledge of them (18). Thus, a large pool of
subclinical TC exists in the population. The discovery of this
subclinical pool of TC lesions is directly associated with the
access of individuals to health care, as has been demonstrated
in a prior analysis of the SEER database (19). During the
period 2000–2012, we have identified four important path-
ways for the detection of subclinical thyroid cancer, as shown
in Figure 1. Two of these mechanisms might relate to the
increased awareness from both patients and clinicians re-
garding thyroid cancer. As thyroid cancer incidence in-
creases, patients might receive more information from the
media or the community (e.g., ‘‘my neighbor was found to
have thyroid cancer’’) and become more aware of the risk.
Clinicians, on the other hand, may also be aware of the risk,
but as they find more thyroid nodules while palpating the
neck, they may develop an increased awareness of benefit
(e.g. ‘‘I found a thyroid cancer lesion in my patient that came
with back pain’’). While there is nothing wrong with going to
the doctor for a check-up or to perform a physical exam, our
analysis revealed that, of the 137 that initiated the work-up
for TC for patient or clinical factors, 37 (27%) were found to
have TC unrelated to these factors.

Another important mechanism is the number of TC lesions
found in the histological examination of thyroid glands re-
moved for benign thyroid conditions. In our analysis, 14% of
all thyroid cancer lesions were found through this mecha-
nism. Two retrospective studies conducted in tertiary care
centers found that 47% (7) and 28% (20) of all incidental
thyroid cancers were found in the histopathological review of
these operative pathologic specimens. Another large Aus-
tralian retrospective cohort found that the detection of these
histological ‘‘incidentalomas’’ accounted for the entire in-
crease of TC for the last 40 years in their institution (21). In
the United States, the number of thyroidectomies for benign
thyroid disease has increased from 43,946 in 1996 to 62,157
in 2006, and a recent report from Medicare insurance claims
databases also shows that the choice of thyroidectomy versus
lobectomy was associated with an almost three-fold increase

in the diagnosis of thyroid cancer (22). This finding suggests
that this mechanism is also contributing to the increased in-
cidence of thyroid cancer at a national level.

Finally, the influence of imaging to the detection of the
reservoir of TC is important. About 19% of TC cases were
found incidentally by imaging technologies (mostly com-
puted tomography and neck ultrasonography) not focused on
the thyroid gland. Likewise, of 137 patients who had thyroid
ultrasounds, 27% (17% of total TC cases) had thyroid cancers
found incidentally as these thyroid cancer nodules did not
relate to the clinical concern that triggered the use of the
ultrasound. Therefore, of 113 clinically silent or occult TC
cases, incidental findings in imaging accounted for a total of
77 cases, 68% (Fig. 1). This finding confirms that imaging
plays a pivotal role in the increased detection of thyroid
cancer.

These results support the prior findings of a retrospective
study conducted in two tertiary care centers assessing the
triggers of TC diagnosis (13). In this study, 279 patients
underwent thyroidectomy and 95 were found to have TC.
Among these 95 TC cases, 44 (46%) thyroid surgeries were
performed as a result of screening, serendipity and the di-
agnostic cascade. Our study differs from this analysis in that
we assessed the impact of the triggers of diagnosis on the
incidence of TC; an aim that can only be explored in a pop-
ulation-based study like this one.

Biological significance

Papillary thyroid cancers are driving the increase in inci-
dent cases since 1935. In fact, during 2000–2012, almost all
of the cases in our study were of papillary type, and the
majority were low risk, as defined by MACIS scores less than
6. Although these cases of low-risk PTC increased from 6 per
100,000 p-y during 1990–1999 to 11.2 per 100,000 p-y dur-
ing 2000–2012, the number of more extensive surgical pro-
cedures (i.e., thyroidectomies) increased three-fold and the
number of more conservative procedures (unilateral lobec-
tomies) decreased by half. Thus, despite the presence of more
low-risk TC lesions, the aggressiveness of initial therapy
(extent of surgical resection) has increased.

However, would these lesions, if not found incidentally, be
of any threat to the patients? Are the patients better off in any
way by finding these lesions? A partial answer may come
from two prospective Japanese cohorts (23,24) that have
followed 1,465 patients with small papillary lesions for ap-
proximately 5 years (range 1–19 years). Of these 1465 pa-
tients, only 80 (6%) experienced growth of lesions more than
3 mm and only 22 (1.5%) experienced lymph node metasta-
sis. All patients who experienced progression received suc-
cessful surgery at the time of progression, so that during
follow up there were no distant metastases or deaths. A
similar active surveillance prospective cohort is being con-
ducted at Memorial Sloan-Kettering Cancer Center in New
York City, with similar results to date (25). These studies
indicate that many small papillary lesions are indolent and
that many patients may do well without discovery and
treatment of these lesions.

How to do better

Clinically silent tumors of likely trivial significance are
largely responsible for the increase in thyroid cancer
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incidence from 2000 through 2012. One approach to curtail
the detection of these lesions would be to follow clear indi-
cations for the use of certain imaging modalities (e.g., thyroid
ultrasonography). These recommendations should come
from society guidelines and consensus statements. For in-
stance, the Choosing Wisely Campaign, an initiative of the
American Board of Internal Medicine Foundation to reduce
unnecessary tests, have, stated as part of their recommenda-
tions, ‘‘Don’t routinely order a thyroid ultrasound in patients
with abnormal thyroid function tests if there is no palpable
abnormality of the thyroid gland’’ (26). Further, radiologists
could also use a more careful reporting system on in-
cidentalomas seen in computed tomographies and magnetic
resonance images. Radiologists at Duke University have
developed a system of reporting for these nodules that rec-
ommend work-up with ultrasound if the nodule seen in CT/
MRI/PET is greater or equal than 1.5 cm. Nodules not
meeting these criteria should not be mentioned in the report
(27). This reporting strategy could potentially reduce the fine-
needle aspiration biopsy rate for thyroid incidentalomas by
34–46% (28).

Another alternative for clinicians and patients consists in
discussing the possibility of an incidental thyroid nodule
before the imaging test is conducted. This includes a dis-
cussion of the likelihood of an incidental thyroid nodule and
the plan for disclosing and managing any findings. Perhaps,
this conversation could be facilitated with the use of decision
aids (29). It is likely that some informed patients will opt not
to receive information about incidental thyroid nodules.

Conclusions

We have shown the relationship between the increased
incidence of thyroid cancer and the mechanism of detection
using a clinically rich and population-based dataset. We
found that the rapid increase in incidence of TC during 2000–
2012 is attributable to the increased diagnosis of occult TCs,
which are mainly found through the use of diagnostic neck
imaging. The incidence of clinical TC and disease-specific
TC mortality, however, remains stable since 1970, implying
that the observed increased incidence is due to an increased in
the detection of subclinical lesions.
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Appendix Table A1. Disease Specific Mortality

Due to Thyroid Cancer in Olmsted County,

Minnesota, from 1935 to 2012

Mortality
cases Histology

Time from thyroid
cancer diagnosis to death

1 Anaplastic < 1 month
2 Anaplastic 5 months
3 Follicular 6 years
4 Anaplastic < 1 month
5 Papillary 9 years
6 Anaplastic 6 months
7 Anaplastic 1 year
8 Papillary 5 months
9 Follicular 9 months

10 Medullary 9 years
11 Papillary 6 years

All cases were diagnosed before 2000 and presented with
palpable disease.
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