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ABSTRACT

Background: Recent reports from North America and Eur-
ope have documented an annual increase in the incidence
of differentiated thyroid carcinoma. We sought to investi-
gate the relation between rates of detection, tumour size,
age and sex.

Methods: Using the Ontario Cancer Registry, we identified
7422 cases of differentiated thyroid carcinoma diagnosed
from Jan. 1, 1990, to Dec. 31, 2001. We obtained pathology
reports for a random 10% of the 7422 patients for each year
of the study period. The sample represented all Cancer Care
Ontario regions. We compared the size of the patients’ tu-
mours by year, sex and age.

Results: As expected, the incidence of differentiated thyroid
carcinoma increased over the 12-year period. A significantly
higher number of small (< 2 cm), nonpalpable tumours were
resected in 2001 than in 1990 (p = 0.001). The incidence of
tumours 2—4 cm in diameter remained stable. When we
examined differences in tumour detection rates by age and
sex, we observed a disproportionate increase in the number
of small tumours detected among women and among pa-
tients older than 45 years.

Interpretation: Our findings suggest that more frequent use
of medical imaging has led to an increased detection rate of
small, subclinical tumours, which in turn accounts for the
higher incidence of differentiated thyroid carcinoma. This
suggests that we need to re-evaluate our understanding of
the trends in thyroid cancer incidence.
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ancer of the thyroid is the most common malignant
disease of the endocrine system, and it is the sev-
enth most common cancer affecting women." It is
also one of the few cancers with a documented rising inci-
dence, as reported in studies from Canada,” the United
States®™ and Europe.® ™ Differentiated thyroid carcinoma is
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the most common form of thyroid cancer, accounting for
about 9o% of all cases, and includes both papillary thyroid
carcinomas and follicular carcinomas.*

There has been much speculation about why the incidence
of differentiated thyroid carcinoma is rising. Some re-
searchers have suggested that potential risk factors include
radiation exposure,**** iodine deficiency,*® family history of
thyroid cancer, and personal history of goiter or thyroid nod-
ule.? It has also been proposed that at least some of the in-
crease may be related to head and neck radiation therapy used
to treat benign childhood conditions between 1910 and
1960.* Studies examining the long-term incidence of thyroid
cancer after radiation exposure have suggested that the risk
may be as high as 15%.**>*¢ About 74% of newly diagnosed
cases of differentiated thyroid carcinoma involve women" and
it has been suggested that certain female hormonal and re-
productive factors may play a role.*”*®

An alternative explanation is that the rise in incidence may
be due to increased detection of subclinical diseases from
greater use of medical imaging. A recent retrospective cohort
study in the United States examined the change in size of re-
sected thyroid tumours from 1973 to 2002.* Using data from
the National Cancer Institutes’ Surveillance Epidemiology
and End Results (SEER) Cancer Statistic database, investiga-
tors found a significant decrease in tumour size over time and
concluded that the apparent increase in disease incidence was
due to increased detection of small tumours rather than an
actual increase in the number of thyroid cancers.

We sought to assess the incidence of thyroid cancer over a
12-year period in Ontario. We hypothesized that if the rising
incidence was due to increased detection of subclinical tu-
mours, small tumours would account for an increasing pro-
portion of tumours detected. On the other hand, if environ-
mental factors caused the increased incidence, the
distribution of tumour size would remain stable over time.
We tested our hypothesis by comparing differences in detec-
tion rates by sex and age within the study population.

From the Departments of Surgery [General Surgery] (Kent), Otolaryngology
(Hall), Pathology and Molecular Medicine (Isotalo), Medicine [Endocrinol-
ogy]l (Houlden) and Surgery [Surgical Oncology] (George), Queen’s Univer-
sity; and the Division of Cancer Care and Epidemiology (Groome), Cancer
Research Institute at Queen’s University, Kingston, Ont.
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Methods

Study population
We searched the Ontario Cancer Registry using the Inter-
national Classification of Diseases (ninth edition) code 193,
which represents malignant neoplasm of the thyroid gland,
to identify patients in Ontario who received a diagnosis of
thyroid cancer from Jan. 1, 1990, to Dec. 31, 2001. The On-
tario Cancer Registry is a population-based registry of all new
cases of cancer in the province. Cancer Care Ontario operates
the registry and, together with the Princess Margaret Hospi-
tal, coordinates and provides comprehensive cancer care for
the 11 million people in Ontario’s § geographic regions. The
registry includes pathology reports, electronic patient records
(obtained from the Cancer Care Ontario treatment centres),
electronic hospital discharge records (from the Canadian In-
stitute for Health Information) and electronic reports of
deaths from Ontario’s Office of the Registrar General. The
Ontario Cancer Registry uses deterministic linkages to recon-
cile information from all these sources and creates a compos-
ite record of incident cases. The completeness of the registry
data and success of data linkage has recently been studied for
head and neck cancer and was found to be of high quality.*
Once we obtained ethics approval from the Queen’s Uni-
versity Research Ethics Board, we identified 8668 cases of
thyroid cancer based on the International Classification of
Diseases code 193. Of these, 7422 cases of differentiated thy-
roid carcinoma were identified (92.2% papillary thyroid and
7.8% follicular). An electronic data abstraction form was cre-
ated to record many variables, including age, sex, size of tu-
mour and pathologic diagnosis. We obtained pathology re-
ports from the Ontario Cancer Registry for a random 10% of
the 7422 patients for each year of the study period, represent-
ing all Cancer Care Ontario regions. We reviewed the 1227
thyroid-related pathology reports from those patients, some
of whom had more than 1 pathology report because they had
preoperative fine-needle aspiration biopsies that were diag-

nostic of cancer. We included in our study the 605 patients
who had surgery in Ontario as initial treatment for differenti-
ated thyroid carcinoma. We excluded patients who were un-
der the age of 18 years, and those who had retrosternal tu-
mours, underwent surgery for another condition
(thyroglossal duct cyst excision or laryngectomy), had an in-
itial surgical resection outside of Ontario or had no initial de-
finitive surgical treatment during the study period.

Outcomes

We compared the sizes of patients’ tumours by year. We
grouped patients according to tumour size (small tumours
< 2 cm, medium-sized tumours 2—4 c¢cm and large tumours
> 4 cm). These size criteria were selected because they corres-
pond to the American Joint Committee on Cancer’s
tumour-node-metastisis staging system (6th edition),* and
because tumours smaller than 2 cm are rarely palpable and do
not cause compressive symptoms, which means this size is
representative of subclinical disease.

Statistical analysis

We used analysis of covariance to compare the differences in
rates of detection between tumour size groups, first for all pa-
tients, and then by sex and age (< 45 and > 45 years). First,
we fit 3 separate regression lines for the 3 tumour size
groups. Then, to compare the rates of detection for the
groups, we fit global multiple regression models that in-
cluded the interaction between year and slope.

Results

The rising incidence of differentiated thyroid carcinoma
across Ontario (crude and age-adjusted) is shown in Figure 1.
The number of reported cases increased from 403 in 1990 to
990 in 2001, which translates to an increase of 146% in 12
years or an overall increase of 13% per year (slope = 4.83,
95% confidence interval [CI] 0.71-8.96, p=0.03).
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Figure 1: Overall incidence of differentiated thyroid carcinoma in Ontario from 1990 to

2001, by tumour size.
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Table 1 presents the histology, sex, age and tumour size
for all 605 patients included in the study. The mean age was
44.6 (standard deviation [SD] 14.7) years. The majority of pa-
tients had small tumours.

Table 2 and Figure 2 show the incidence rates each year ac-
cording to tumour size and demonstrate a statistically signifi-
cant increase in the detection rate for the small-tumour group,
but not for the medium-sized-tumour group (see also Appen-
dix 1, available online at www.cmaj.ca/cgi/content/full/177/11
[1357/DC2). The detection rate for the large-tumour group was
statistically significant. Large tumours represented a small pro-
portion (8.9%) of the overall number detected in our study
population (Table 1). Between-group comparisons showed a
statistically significant difference in incidence between the
small-tumour group and the medium-sized-tumour group
(p = 0.007) and between the small-tumour group and the
large-tumour group (p = 0.0002), but not between the
medium-sized-tumour group and the large-tumour group
(p=o0.173).

When we compared the tumour sizes among the female
patients, there was a significant increase in the detection rates
for the small- and the medium-sized-tumour groups (Table
2). Between-group comparisons demonstrated an increase in
incidence in the small-tumour group relative to the medium-
sized-tumour group (p = 0.004), and between the small-
tumour group and the large-tumour group (p = 0.0001) but
not between the medium-sized-tumour group and the large-
tumour group (p = o.171). Among the male patients, the
overall incidence of differentiated thyroid cancer was much
lower than among the female patients (22.1% v. 77.4%)
(Table 1), and we did not find statistically significant differ-
ences in incidence when we compared tumour sizes.

Among patients 45 years or younger, we found a signifi-
cant increase in incidence for large tumours over time
(Table 2). However, we found no significant difference in in-

Table 1: Characteristics of 605 patients with differentiated
thyroid carcinoma diagnosed from Jan. 1, 1990, to Dec. 31, 2001

No. (%) of patients*

Characteristic n =605
Age, yr, mean 44.6
Sex
Female 468 (77.4)
Male 134 (22.1)
Unknown 3 (0.5)
Tumour size, cm
<2 364 (60.2)
2-4 187 (30.9)
>4 54 (8.9)
Histologyt
Papillary 572 (94.5)
Follicular 43 (7.1)

*Unless otherwise indicated.
TBoth papillary and follicular tumours were present in 10 patients.
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cidence between the small-tumour group and the medium-
sized-tumour group (p = 0.494), or between the medium-
sized-tumour group and the large-tumour group (p = 0.742).
On the other hand, among patients over 45 years old, there
was a significant increase in both small- and medium-sized
tumours over time, but not in large tumours. The between-
group comparisons showed a significant increase in the inci-
dence of small tumours compared with medium-sized tu-
mours (p = 0.001) and large tumours (p = 0.0001). There was
no significant difference between medium-sized tumours and
large tumours (p = 0.057).

We unexpectedly observed a slight, but significant, in-
crease in large tumours among patients 45 years or younger;
however, this result may be a spurious finding owing to the
small segment of our study population that was affected. A
more focused study on this group is needed to determine
whether these findings represent a real increase.

Interpretation

Our findings are consistent with our hypothesis that the ris-
ing rate of differentiated thyroid cancer in Ontario is due
mostly to increasing detection of small tumours from greater
use of medical imaging. These data support similar recent
findings from the United States,* but our more detailed analy-
sis identifies patterns according to sex and age.

Table 2: Differences in tumour detection from Jan. 1, 1990, to
Dec. 31, 2001, for 605 patients with differentiated thyroid
carcinoma, by tumour size, sex and age (expressed as slope of
the plot of no. of cases v. time)

Group; tumour size, cm Slope (95% Cl) p value
All patients

<2 9.57 (5.40 to 13.74) 0.001

2-4 3.85 (-1.71 to 5.98) 0.054

>4 1.08 (0.29 to 1.88) 0.023
Male sex

<2 1.35 (-0.04 to 2.73) 0.08

2-4 0.49 (-0.60 to 1.59) 0.40

> 4 0.44 (-0.11 to 0.99) 0.15
Female sex

<2 8.18 (4.95 to 11.42) 0.001

2-4 3.06 (0.95 to 5.18) 0.017

> 4 0.74 (-0.17 to 1.66) 0.14
Age <45 yr

<2 2.63 (-0.38 to 5.65) 0.12

2-4 1.64 (-0.02 to 3.30) 0.08

> 4 1.16 (0.83 to 1.49) 0.001
Age > 45 yr

<2 6.83 (4.87 to 8.80) 0.001

2-4 2.03 (1.12 to 2.94) 0.001

> 4 0.13 (-0.68 to 0.93) 0.76
Note: CI = confidence interval.
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Figure 2: Incidence of differentiated thyroid cancer from Jan. 1, 1990, to Dec. 31, 2001, ac-
cording to tumour size. The regression line of the small-tumour group (< 2 cm) demon-
strates a noteworthy increase over time (slope 9.57, 95% Cl 5.40—13.74, p = 0.001).

Two studies examined the use of diagnostic imaging over
time. In a US study, the compound annual rate of increase in
the use of computed tomography, magnetic resonance imag-
ing and ultrasonography increased 5% to 10% between 1992
and 2001.”* A Canadian study observed a similar pattern. Al-
though data on the use of imaging procedures were not re-
ported, a national survey of medical equipment showed that
the number of computed tomography and magnetic reson-
ance imaging scanners in use increased by 55% and 125% re-
spectively from 1991 to 2005.%

In order for increased use of diagnostic imaging to ac-
count for the rising incidence of tumours, a large number of
subclinical tumours must also exist in the population. Several
studies have attempted to assess the prevalence of these types
of tumours. Of these, autopsy studies provide the best assess-
ment. They found clinically occult tumours in 2.7%—-36% of
patients.”**° Although these findings varied widely, they sug-
gest that a large proportion of the population lives with previ-
ously undetected thyroid tumours.

We observed that small differentiated tumours were found
predominately in women older than 45 years, which may be
explained by the higher incidence of benign thyroid disease in
this segment of the population.® Greater use of medical im-
aging in this population is an alternative explanation. Re-
search has shown that female sex and higher age are factors
that predict increased use of diagnostic medical imaging in
this segment of the population.*”

The main limitation of our study is that it is a retrospect-
ive review of pathology reports from a sample population
representing only 10% of patients who received a diagnosis
of differentiated thyroid carcinoma during our study period.
However, we present compelling evidence of an increasing
incidence of small, subclinical differentiated thyroid carcin-
omas. Previous studies that examined the natural history of
these tumours have primarily focused on microcarcinomas
(< 1 cm) or occult carcinomas found incidentally. Their find-
ings suggest that these lesions, even when multifocal, seem
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to have an indolent natural history distinct from that of
larger tumours.**>**%2°

Both our findings and findings from these studies contradict
traditional clinical practice and training, which promotes total
thyroidectomy as the optimal surgical procedure for the man-
agement of all differentiated thyroid carcinomas.>>** Although
the percentage may be less in Canada, several US studies sug-
gest that as many as 85% of patients with papillary carcinomas
undergo total thyroidectomy regardless of the size of the
tumour.** With a rate of postoperative hypoparathyroidism
between 5% and 30% and of recurrent laryngeal nerve injury
between 1% and 2%,**** total thyroidectomy has an important
risk of complications. For a disease that has an excellent
prognosis for many patients, management of small thyroid
tumours may be based on an outdated clinical model and result
in unnecessary investigations and overly aggressive surgery.
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