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Abstract
Background: Recent reports from North America and Europe have documented an annual increase in the incidence
of differentiated thyroid carcinoma. We sought to investigate 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’ tumours 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 patients 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.
Une version française de ce résumé est disponible à l’adresse
www.cmaj.ca/cgi/content/full/177/11/1357/DC1
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ancer of the thyroid is the most common malignant
disease of the endocrine system, and it is the seventh most common cancer affecting women.1 It is
also one of the few cancers with a documented rising incidence, as reported in studies from Canada, 2 the United
States3–5 and Europe.6–10 Differentiated thyroid carcinoma is

the most common form of thyroid cancer, accounting for
about 90% of all cases, and includes both papillary thyroid
carcinomas and follicular carcinomas.1
There has been much speculation about why the incidence
of differentiated thyroid carcinoma is rising. Some researchers have suggested that potential risk factors include
radiation exposure,11–13 iodine deficiency,8,9 family history of
thyroid cancer, and personal history of goiter or thyroid nodule.3 It has also been proposed that at least some of the increase may be related to head and neck radiation therapy used
to treat benign childhood conditions between 1910 and
1960.14 Studies examining the long-term incidence of thyroid
cancer after radiation exposure have suggested that the risk
may be as high as 15%.13,15,16 About 74% of newly diagnosed
cases of differentiated thyroid carcinoma involve women1 and
it has been suggested that certain female hormonal and reproductive factors may play a role.17,18
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 resected thyroid tumours from 1973 to 2002.4 Using data from
the National Cancer Institutes’ Surveillance Epidemiology
and End Results (SEER) Cancer Statistic database, investigators 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 tumours, small tumours would account for an increasing proportion of tumours detected. On the other hand, if environmental factors caused the increased incidence, the
distribution of tumour size would remain stable over time.
We tested our hypothesis by comparing differences in detection 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 [Endocrinology] (Houlden) and Surgery [Surgical Oncology] (George), Queen’s University; and the Division of Cancer Care and Epidemiology (Groome), Cancer
Research Institute at Queen’s University, Kingston, Ont.

CMAJ • November 20, 2007 • 177(11)
© 2007 Canadian Medical Association or its licensors

1357

Research

Methods

nostic of cancer. We included in our study the 605 patients
who had surgery in Ontario as initial treatment for differentiated thyroid carcinoma. We excluded patients who were under the age of 18 years, and those who had retrosternal tumours, underwent surgery for another condition
(thyroglossal duct cyst excision or laryngectomy), had an initial surgical resection outside of Ontario or had no initial definitive surgical treatment during the study period.

Study population
We searched the Ontario Cancer Registry using the International 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 Ontario 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 Hospital, coordinates and provides comprehensive cancer care for
the 11 million people in Ontario’s 8 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 Institute for Health Information) and electronic reports of
deaths from Ontario’s Office of the Registrar General. The
Ontario Cancer Registry uses deterministic linkages to reconcile information from all these sources and creates a composite 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.19
Once we obtained ethics approval from the Queen’s University 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 thyroid carcinoma were identified (92.2% papillary thyroid and
7.8% follicular). An electronic data abstraction form was created to record many variables, including age, sex, size of tumour and pathologic diagnosis. We obtained pathology reports from the Ontario Cancer Registry for a random 10% of
the 7422 patients for each year of the study period, representing 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-

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 cm and large tumours
> 4 cm). These size criteria were selected because they correspond to the American Joint Committee on Cancer’s
tumour–node–metastisis staging system (6th edition),20 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 patients, 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 included 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 patients had small tumours.
Table 2 and Figure 2 show the incidence rates each year according to tumour size and demonstrate a statistically significant increase in the detection rate for the small-tumour group,
but not for the medium-sized-tumour group (see also Appendix 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 proportion (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 = 0.173).
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 mediumsized-tumour group (p = 0.004), and between the smalltumour group and the large-tumour group (p = 0.0001) but
not between the medium-sized-tumour group and the largetumour group (p = 0.171). 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 differences in incidence when we compared tumour sizes.
Among patients 45 years or younger, we found a significant 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

Characteristic

No. (%) of patients*
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)

cidence between the small-tumour group and the mediumsized-tumour group (p = 0.494), or between the mediumsized-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 betweengroup comparisons showed a significant increase in the incidence of small tumours compared with medium-sized tumours (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, increase 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 rising 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,4 but our more detailed analysis 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% CI)

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

≤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

≤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

≤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

Male sex

Female sex

Age ≤ 45 yr

Age > 45 yr

Histology†
Papillary

572 (94.5)

≤2

6.83 (4.87 to 8.80)

0.001

Follicular

43 (7.1)

2–4

2.03 (1.12 to 2.94)

0.001

>4

0.13 (–0.68 to 0.93)

0.76

*Unless otherwise indicated.
†Both papillary and follicular tumours were present in 10 patients.

Note: CI = confidence interval.

CMAJ • November 20, 2007 • 177(11)

1359

Research
60

Tumour size

50

No. of cases

≤ 2 cm
2–4 cm

40

> 4 cm
30

20

10

0
1990

1991

1992

1993

1994

1995

1996

1997

1998

1999

2000

2001

Figure 2: Incidence of differentiated thyroid cancer from Jan. 1, 1990, to Dec. 31, 2001, according to tumour size. The regression line of the small-tumour group (< 2 cm) demonstrates a noteworthy increase over time (slope 9.57, 95% CI 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 imaging and ultrasonography increased 5% to 10% between 1992
and 2001.21 A Canadian study observed a similar pattern. Although data on the use of imaging procedures were not reported, a national survey of medical equipment showed that
the number of computed tomography and magnetic resonance imaging scanners in use increased by 55% and 125% respectively from 1991 to 2005.22
In order for increased use of diagnostic imaging to account 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 assessment. They found clinically occult tumours in 2.7%–36% of
patients.23–26 Although these findings varied widely, they suggest that a large proportion of the population lives with previously 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.23 Greater use of medical imaging in this population is an alternative explanation. Research has shown that female sex and higher age are factors
that predict increased use of diagnostic medical imaging in
this segment of the population.27
The main limitation of our study is that it is a retrospective 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 carcinomas. Previous studies that examined the natural history of
these tumours have primarily focused on microcarcinomas
(< 1 cm) or occult carcinomas found incidentally. Their findings suggest that these lesions, even when multifocal, seem
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to have an indolent natural history distinct from that of
larger tumours.24,26,28,29
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 management of all differentiated thyroid carcinomas.30,31 Although
the percentage may be less in Canada, several US studies suggest that as many as 85% of patients with papillary carcinomas
undergo total thyroidectomy regardless of the size of the
tumour.31–34 With a rate of postoperative hypoparathyroidism
between 5% and 30% and of recurrent laryngeal nerve injury
between 1% and 2%,34,35 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.
This article has been peer reviewed.
Competing interests: None declared.
Contributors: Dr. Hall and Dr. Kent played the principal role in the conception and design of the study, data analysis, and the writing and revision of the
manuscript. Dr. Isotalo, Dr. Houlden, Dr. George and Dr. Groome all had
significant input in the design, and data acquisition and interpretation. They
assisted in the writing and revision of the manuscript. All authors approved
the final version of the manuscript.
Acknowledgements: We thank Tina Dyer, research associate.
Stephen Hall is supported by the Canadian Institutes of Health Research
New Investigator Program. Patti Groome is the Canada Research Chair in
Cancer Care Evaluation. This project was funded by the Clinical Teachers of
Queen’s University.

REFERENCES
1. Jemal A, Siegal R, Ward E, et al. Cancer statistics. CA Cancer J Clin 2006;56:106-30.
2. Liu S, Semenciw R, Ugnat A M, et al. Increasing thyroid cancer incidence in
Canada, 1970–1996: time trends and age-period-cohort effects. Br J Cancer 2001;
85:1335-9.
3. Haselkorn T, Bernstein L, Preston-Martin S, et al. Descriptive epidemiology of thyroid
cancer in Los Angeles county, 1972–1995. Cancer Causes Control 2000;11:163-70.

CMAJ • November 20, 2007 • 177(11)

Research
4. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States,
1973–2002. JAMA 2006 10;295:2164-2167.
5. Hodgson NC, Button J, Solorzano CC. Thyroid cancer: Is the incidence still increasing? Ann Surg Oncol 2004;11:1093-7.
6. Reynolds RM 3rd, Weir J, Stockton DL, et al. Changing trends in incidence and
mortality of thyroid cancer in scotland. Clin Endocrinol (Oxf) 2005;62:156-62.
7. Colonna M, Grosclaude P, Remontet L, et al. Incidence of thyroid cancer in adults
recorded by French cancer registries (1978–1997). Eur J Cancer 2002;38:1762-8.
8. Fahey TJ, Reeve TS, Delbridge L. Increasing incidence and changing presentation
of thyroid cancer over a 30-year period. Br J Surg 1995;82:518-20.
9. Galanti MR, Hansson L, Bergstrom R, et al. Diet and the risk of papillary and follicular thyroid carcinoma: a population-based case–control study in Sweden and
Norway. Cancer Causes Control 1997;8:205-14.
10. Leenhardt L, Bernier MO, Boin-Pineau MH, et al. Advances in diagnostic practices
affect thyroid cancer incidence in France. Eur J Endocrinol 2004;150:133-9.
11. Sont WN, Zielinski JM, Ashmore JP, et al. First analysis of cancer incidence and occupational radiation exposure based on the national dose registry of Canada. Am J
Epidemiol 2001;153:309-18.
12. Fincham SM, Ugnat AM, Hill GB, et al. Is occupation a risk factor for thyroid cancer? Canadian cancer registries epidemiology research group. J Occup Environ
Med 2000;42:318-24.
13. Fraker DL. Radiation exposure and other factors that predispose to human thyroid
neoplasia. Surg Clin North Am 1995;75:365-75.
14. Mack WJ, Preston-Martin S. Epididemiology of thyroid cancer. In: Fagin JA, editor.
Thyroid cancer. Boston: Kluwer Academic; 1998;1-25.
15. Schneider AB, Ron E, Lubin J, et al. Dose–response relationships for radiationinduced thyroid cancer and thyroid nodules: evidence for the prolonged effects of
radiation on the thyroid. J Clin Endocrinol Metab 1993;77:362-9.
16. Kerber RA, Till JE, Simon SL, et al. A cohort study of thyroid disease in relation to
fallout from nuclear weapons testing. JAMA 1993;270:2076-82.
17. Navarro Silvera SA, Miller AB, Rohan TE et al. Risk factors for thyroid cancer: a
prospective cohort study. Int J Cancer 2005;116:433-8.
18. Rossing MA, Voigt LF, Wicklund KG, et al. Reproductive factors and risk of papillary thyroid cancer in women. Am J Epidemiol 2000;151:765-72.
19. Hall S, Schulze K, Groome P, et al. Using cancer registry data for survival studies:
The example of the Ontario Cancer Registry. J Clin Epidemiol 2006;59:67-76.
20. Greene FL, Page DL, Fleming ID, et al. AJCC cancer staging handbook. 6th ed.
New York: Springer-Verlag; 2002;89-98.
21. Bhargavan M, Sunshine JH. Utilization of radiology services in the United States: levels and trends in modalities, regions, and populations. Radiology 2005;234:824-32.

22. Canadian Institute for Health Information. Medical imaging in Canada: fast facts.
Ottawa: The Institute; 2005.
23. Monson JP. The epidemiology of endocrine tumours. Endocr Relat Cancer 2000;7:
29-36.
24. Carpi A, Nicolini A, Casara D, et al. Nonpalpable thyroid carcinoma: clinical controversies on preoperative selection. Am J Clin Oncol 2003;26:232-5.
25. Yamamoto Y, Maeda T, Izumi K, et al. Occult papillary carcinoma of the thyroid. A
study of 408 autopsy cases. Cancer 1990;65:1173-8.
26. Topliss D. Thyroid incidentaloma: the ignorant in pursuit of the impalpable. Clin
Endocrinol (Oxf) 2004;60:18-20.
27. Rosen MP, Davis RB, Lesky LG. Utilization of outpatient diagnostic imaging: Does
the physician’s gender play a role? J Gen Intern Med 1997;12:407-11.
28. Barbaro D, Simi U, Meucci G, et al. Thyroid papillary cancers: microcarcinoma and
carcinoma, incidental cancers and non-incidental cancers. Are they different diseases? Clin Endocrinol (Oxf) 2005;63:577-81.
29. Mitchell JC, Parangi S. Thyroid incidentalomas: a new epidemic. Curr Surg 2004;
61:545-51.
30. Haigh PI, Urbach DR, Rotstein LE. Extent of thyroidectomy is not a major determinant
of survival in low- or high-risk papillary thyroid cancer. Ann Surg Oncol 2005;12:81-9.
31. Mazzaferri EL. An overview of the management of papillary and follicular thyroid
carcinoma. Thyroid 1999;9:421-7.
32. Hundahl SA, Fleming ID, Fremgen AM, et al. A national cancer database report on
53,856 cases of thyroid carcinoma treated in the U.S., 1985–1995. Cancer 1998;83:
2638-48.
33. Haigh PI, Urbach DR, Rotstein LE. AMES prognostic index and extent of thyroidectomy for well-differentiated thyroid cancer in the United States. Surgery
2004;136:609-16.
34. Hundahl SA, Cady B, Cunningham MP, et al. Initial results from a prospective cohort study of 5583 cases of thyroid carcinoma treated in the United States during
1996. U.S. and German thyroid cancer study group. An American College of Surgeons commission on cancer patient care evaluation study. Cancer 2000;89:202-17.
35. Filho JG, Kowalski LP. Postoperative complications of thyroidectomy for differentiated thyroid carcinoma. Am J Otolaryngol 2004;25:225-30.

Correspondence to: Dr. Stephen F. Hall, Division of Cancer Care
and Epidemiology, Cancer Research Institute at Queen’s
University, 10 Stuart St., Kingston ON K7L 3N6, fax 613 533-6794;
sfh@post.queensu.ca

CMAJ • November 20, 2007 • 177(11)

1361

