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Incidental detection, imaging modalities and temporal trends
of differentiated thyroid cancer in Ontario: a population-based
retrospective cohort study

Todd A. Norwood MSA, Emmalin Buajitti MPH, Lorraine L. Lipscombe MD, Thérese A. Stukel PhD,
Laura C. Rosella PhD

Background: Incidence rates of thyroid cancer in Ontario have increased more rapidly than those of any other cancer, whereas mor-
tality rates have remained relatively stable. We evaluated the extent to which incidental detection of differentiated thyroid cancer dur-
ing unrelated prediagnostic imaging procedures contributed to Ontario’s incidence rates.

Methods: We conducted a retrospective cohort study involving Ontarians who received a diagnosis of differentiated thyroid cancer from
1998 to 2017 using linked health care administrative databases. We classified cases as incidentally detected if a nonthyroid diagnostic
imaging test (e.g., computed tomography [CT]) preceded an index event (e.g., prediagnostic fine-needle aspiration biopsy); all other cases
were nonincidentally detected cases. We used Joinpoint and negative binomial regressions to characterize sex-specific rates of differenti-
ated thyroid cancer by incidentally detected status and to quantify potential age, diagnosis period and birth cohort effects.

Results: The study included 36 531 patients with differentiated thyroid cancer, of which 78.7% were female. Incidentally detected
cases increased from 7.0% to 11.0% of female patients and from 13.5% to 18.2% of male patients over the study period. Age-
standardized incidence rates increased more rapidly for incidentally detected cases (4.2-fold for female and 3.7-fold for male
patients) than for nonincidentally detected cases (2.6-fold for female and 3.0-fold for male patients; p < 0.001). Diagnosis period was
the primary factor associated with increased incidence rates of differentiated thyroid cancer, adjusting for other factors. Within each
period, incidentally detected rates increased faster than nonincidentally detected rates, adjusting for age. Our results showed that CT
was the most common imaging procedure preceding incidentally detected diagnoses.

Interpretation: Incidentally detected cases represent a large and increasing component of the observed increases in differentiated
thyroid cancer in Ontario over the past 20 years, and CT scans are primarily associated with these cases despite the modality having
similar, increasing rates of use compared with magnetic resonance imaging (1993—2004). Recent increases in rates of differentiated
thyroid cancer among males and incidentally detected cases among females in Ontario appear to be unrelated to birth cohort effects.

here is debate and concern about a worldwide epi-

demic of thyroid cancer overdiagnosis.!? Several

factors suggest that a large reservoir of indolent

thyroid cancers is being detected by sensitive imaging tech-

niques. Incidence rates of thyroid cancer are increasing

worldwide in every continent except Africa, whereas mortal-

ity rates from thyroid cancer are low and relatively stable.’

Large increases in the registrations of differentiated thyroid

cancers (= 90% of thyroid cancer cases®) and subclinical

microcarcinomas (< 1.0 cm in diameter; 50% of thyroid can-

cers in America’) have paralleled increases in the availability

and use of sensitive imaging techniques, concomitant with

increased incidence rates.*'° Further, autopsy studies show a

large potential reservoir of occult thyroid cancers awaiting
diagnostic scrutiny.!!

Nonetheless, increases in thyroid cancer may also be related

to aging populations,'*!* use of ionizing radiation (a risk factor
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for thyroid cancer) to treat benign conditions between the
1930s and 1960s'* and changes in environmental or lifestyle
factors.!>!¢ Increases in larger, clinically detectable thyroid can-
cers'”!® and recent increases in thyroid cancer mortality
rates'>!” support such hypotheses. Such factors that counter the
prevailing overdiagnosis hypothesis exist in Canada.!*1520
Diagnostic imaging may lead to thyroid cancer diagnosis
during investigations for conditions unrelated to the thyroid
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(denoted as incidentally detected) or through screening tests
(e.g., ultrasonography) for thyroid cancer in asymptomatic
persons (screen-detected).®?!?? We conducted a study to
evaluate the extent to which advanced diagnostic imaging
procedures were associated with observed increases in
incidence rates of differentiated thyroid cancer in Ontario.
The objectives were to classify differentiated thyroid cancers
detected among Ontario patients who received a diagnosis
from 1998 to 2017 as incidentally detected or not, based on the
pathway to diagnosis, and to assess sex-specific incidence rate
trends by incidentally detected status and imaging modality.

Study design and setting

We conducted a retrospective cohort study involving Ontario
residents who received a diagnosis of differentiated thyroid
cancer from 1998 to 2017. Patient records were linked using
unique encoded identifiers and analyzed at ICES, an institution
with legal status to collect and analyze health care-related data
for health system evaluation and improvement.

Data sources

Multiple health administrative databases for publicly insured
hospital and physician services were used: the Ontario Cancer
Registry for incident cases of differentiated thyroid cancer;
the Ontario Health Insurance Plan (OHIP) for physician bill-
ings, which includes diagnosis codes and procedures; the Dis-
charge Abstract Database for hospital admissions and proce-
dures; and the Registered Persons Database for patient
demographic information and population estimates (Appen-
dix 1, Supplementary Table 1, available at www.cmajopen.ca/
content/8/4/E695/suppl/DC1). These data sets are of high
quality (Appendix 1, Supplementary Table 1).23-26

Study population

Using the Ontario Cancer Registry, we identified an initial
cohort of patients with differentiated thyroid cancer, using the
International Agency for Research on Cancer multiple pri-
mary rules,?’ and linked to the other databases to determine
exclusion criteria and examine diagnostic pathways. We
included patients aged 15 to 84 years because there were
fewer patients in the youngest and oldest age categories. The
age range was selected to maximize the number of eligible
patients as thyroid cancer is the most common cancer among
Ontarians aged 15-29 years?® and diagnostic imaging use
increases with age.””’ We excluded patients with prior can-
cers (Ontario Cancer Registry), 2 or more inpatient high-dose
ionizing radiation scans in any year more than 1 year before
diagnosis of differentiated thyroid cancer (Discharge Abstract
Database) and those with a history of bone marrow transplant
(Discharge Abstract Database; Appendix 1, Supplementary
Figure 1). Patients were followed up to Mar. 31, 2018.
Appendix 1, Supplemental Tables 2-6 and Appendix 2 (avail-
able at www.cmajopen.ca/content/8/4/E695/suppl/DC1) pro-
vide all codes used to identify the study population and
procedures.
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Exposure

We used American Thyroid Association clinical practice
guidelines (1996-2015), wherein fine-needle aspiration biopsy
is the recommended®*?** gold-standard procedure for thyroid
nodule evaluation,’** to classify differentiated thyroid cancer
diagnosis as incidentally detected or not, by examining diag-
nostic pathways using OHIP billings (Appendix 1, Supple-
mentary Figure 2). Advanced diagnostic imaging modalities
such as computed tomography (CT) and magnetic resonance
imaging (MRI) are not recommended in the guidelines for
thyroid cancer diagnostic purposes.’***

For each patient who received a diagnosis of differentiated
thyroid cancer, the index study date was defined as date of
prediagnostic thyroid gland aspiration, core or fine-needle
biopsy (“thyroid biopsy”). When thyroid biopsy was not
ascertained, the date of differentiated thyroid cancer diagnosis
was used as the index date. The index study date then initiated
a look-back period to determine whether the differentiated
thyroid cancer was incidentally detected. An incidentally
detected case was defined as a scan of 1 or more of carotid
ultrasonography, CT, MRI, positron emission tomography
(PET), or single-photon emission CT to the head, neck or
thorax within 3 months before study index date. PET scans
were involved in few cases (< 10) and excluded from imaging
modality—specific analyses. Patients with multiple imaging
modalities within the look-back period were assigned the first
modality.

A 3-month look-back period was selected a priori based on
clinical expertise and Ontario institutional evidence (fine-
needle aspiration biopsy wait time, 2009-2011: mean 80.7 days
[95% confidence interval 78.7-82.6]; range 50-90 days*).

Covariates

Five-year age range at diagnosis (15-19 to 80-84), 5-year
diagnosis period (1998-2002 to 2013-2017) and 10-year birth
cohort at diagnosis (1913-1922 to 1993-2002) groups were
defined as these variables were expected to influence differen-
tiated thyroid cancer rates.8-10:12-14

Outcomes

We evaluated sex-specific rates of differentiated thyroid cancer
cases by incidentally detected status. Annual age-standardized
(2011 Canadian population®®) incidence rates were computed
using the Registered Persons Database population.

Statistical analysis

To describe age-standardized rate trends, we used Joinpoint
regression, which identifies statistically significant changes in
trends by fitting Monte Carlo permutations of models with
and without temporal change points to improve model fit.*’
Change points were determined by fitting up to 3 internal
points between 2000 and 2015 using a grid-search method to
select those that improved fit according to hypothesis testing
(p < 0.05). We used negative binomial regression to quantify
differentiated thyroid cancer rates by incidentally detected
status and for incidentally detected cases, by imaging modal-
ity, to disentangle potential age, diagnosis period and birth



cohort effects. For these analyses, we used multivariable age-
period-cohort regression models that included terms for age,
diagnostic period, birth cohort groups and an offset term for
population.’® For incidentally detected—specific models, an
imaging modality by diagnostic period interaction term was
included to evaluate imaging modality changes over time. For
the look-back period, sensitivity analyses were conducted
using 2-, 4-, 6-, 9- and 12-month look-back periods.

Since birth cohort is uniquely defined by age and diagnosis
period, which causes a statistical identifiability problem, we
imposed a constraint for the full age-period-cohort models. We
used information on medical use of ionizing radiation
procedures for benign conditions in Canada (1930-1960)"* to
define an appropriate birth cohort constraint, which set the
1918-1927 estimate equal to the 1923-1932 estimate; in
sensitivity analyses, we used an approach that does not impose a
constraint.*’

Among nested models, likelihood ratio tests were used to
select the optimal fit for age-period-cohort covariates and
their subsets. The Akaike information criterion was used to
select the optimal fit for non-nested models.

We evaluated plots of standardized residuals, leverage and
influential observations for all regression models. SAS 9.4
(SAS Institute Inc.) “genmod” and Stata Statistical Software:
Release 15 (StataCorp) “nbreg” and “apc_cglim” procedures
were used to fit statistical models. All statistical tests were
performed at the 5% level of significance and were 2-sided.

Ethics approval
The University of Toronto Research Ethics Board (protocol
1D 36626) approved this study.

A total of 36 531 patients with differentiated thyroid cancer
were included in the study (Table 1). Most patients (28 735,
78.7%) were female. Incidentally detected cases among female
patients (2680) outnumbered those among male patients
(1314), but the proportion among male patients (16.9%) was
nearly double that of female patients (9.3%). Incidentally
detected cases increased from 7.0% to 11.0% among female
patients and from 13.5% to 18.2% among male patients from
the 1998-2002 to 2013-2017 periods. The proportion of
histologically confirmed (i.e., biopsy-proven) cases was near
complete (about 97%) and did not vary by incidentally
detected status. Incidentally detected case patients were older,
and the rates increased more rapidly in each diagnosis period
compared with nonincidentally detected rates. Computed
tomography was the dominant imaging modality for incidentally
detected cases (> 65% of cases).

Descriptive trends

Over the study period, age-standardized incidence rates
increased significantly for both nonincidentally detected and
incidentally detected cases, although rates decreased after
2013 for nonincidentally detected cases in female patients,
based on Joinpoint analysis (Figure 1 and Appendix 1,
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Supplementary Tables 7-8). For each sex, absolute rates were
higher for nonincidentally detected cases than for incidentally
detected cases, but rates increased relatively more for inciden-
tally detected cases (4.2-fold for female patients and 3.7-fold
for male patients) than for nonincidentally detected cases
(2.6-fold for female patients and 3.0-fold for male patients)
(Appendix 1, Supplementary Table 7).

By birth cohort, age-specific incidence rates of noninciden-
tally detected cases showed peaks in the fifth and sixth decades
of life with evidence of potential effects from age, birth cohort
and diagnosis period among female and male patients (Figure 2,
panels A and B). For incidentally detected cases, age-specific
rates by birth cohort show sustained rates in older ages for each
sex, and lower potential cohort or period effects for male
patients (Figure 2, panels C and D).

By diagnosis period, age-specific incidence rates of noninci-
dentally detected cases show marked increases by the period
between 1998 and 2012 among female and male patients, and a
potential period effect in the most recent period (compared
with 2008-2012) for male patients only (Figure 3, panels A and
B). By diagnosis period, incidentally detected case age-specific
rates also show marked, potential diagnosis period effects,
sustained to older ages (2 60 yr) for each sex compared with
nonincidentally detected rates (Figure 3, panels C and D).

Model-based adjusted rates

We evaluated regression models to test the adjusted effects of
age, diagnosis period and birth cohort. For nonincidentally
detected cases among female patients, age, period and cohort
produced the optimal fit; for the other models, age and
period produced the optimal fit (Appendix 1, Supplementary
Table 9). For incidentally detected case-specific models that
evaluated imaging modality, age-period models with a
modality-period interaction term provided optimal fit.

The adjusted model-based rate ratios indicate that diagnosis
period was most strongly associated with increases in the rate of
differentiated thyroid cancer, exceeding twofold in the last
2 diagnosis periods (Table 2). However, increases associated
with diagnosis period were larger for incidentally detected rates
than nonincidentally detected rates, exceeding threefold in
2013-2017. Adjusted incidentally detected rates decreased sig-
nificantly with younger age (< 45 yr) and peaked in older ages
(e.g., male patients ages 65-74 yr) compared with noninciden-
tally detected rates that peaked in ages 50-64.

Incidentally detected case-specific imaging modality models
show that CT was the primary modality associated with
increased rates (Table 3). For example, for the 1998-2002
diagnosis period, rates associated with the other modalities were
81% to 98% lower than those associated with CT. In addition,
incidentally detected rates associated with MRI increased about
twofold among female patients and fivefold among male patients
at each diagnosis period compared with 1998-2002.

Sensitivity analyses

Although the proportion of incidentally detected cases
increased with longer look-back period (from 9.3% to 19.3%
and from 16.9% to 30.5% for female and male patients,
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Table 1: Characteristics of patients with differentiated thyroid cancer (n = 36 531) by sex and pathway to diagnosis (incidentally
detected v. nonincidentally detected), Ontario, 1998-2017*t

Female patients

n =28 735; 78.7% of patients

n =7796; 21.3% of patients

Incidentally detected;

Nonincidentally detected;

Incidentally detected;

Nonincidentally detected;

Characteristic no. (%)f no. (%)f no. (%)f no. (%)f
Total 2680 (9.3) 26 055 (90.7) 1314 (16.9) 6482 (83.1)
Age, yr
15-29 170 (6.3) 2596 (10.0) 67 (5.1) 540 (8.3)
30-49 954 (35.6) 12 563 (48.2) 406 (30.9) 2627 (40.5)
50-69 1166 (43.5) 9288 (35.6) 623 (47.4) 2755 (42.5)
70-84 390 (14.6) 1608 (6.1) 218 (16.6) 560 (8.6)
Mean + SD 52.7 + 15.0 470 £13.7 54.7 + 14.5 49.7 £ 14.0
Diagnosis period
1998-2002 247 (9.2) 3301 (12.6) 128 (9.7) 818 (12.6)
2003-2007 494 (18.4) 5599 (21.4) 232 (17.6) 1261 (19.4)
2008-2012 843 (31.4) 8271 (31.7) 405 (30.8) 1941 (29.9)
2013-2017 1096 (40.9) 8884 (34.1) 549 (41.7) 2462 (38.0)
Birth cohort
1913-1922 7(0.2) 26 (0.1) —** 12 (0.2)
1918-1927 24 (0.9) 98 (0.3) 16 (1.2) 38 (0.6)
1923-1932 74 (2.7) 255 (1.0) 44 (3.3) 90 (1.4)
1928-1937 120 (4.4) 516 (2.0) 71 (5.4) 191 (2.9)
1933-1942 181 (6.7) 899 (3.4) 83 (6.3) 282 (4.3)
1938-1947 215 (8.0) 1366 (5.2) 123 (9.3) 451 (6.9)
1943-1952 288 (10.7) 2086 (8.0) 173 (13.1) 655 (10.1)
1948-1957 284 (10.6) 2707 (10.4) 164 (12.4) 765 (11.8)
1953-1962 330 (12.3) 3358 (12.9) 146 (11.1) 833 (12.8)
1958-1967 327 (12.2) 3816 (14.6) 145 (11.0) 879 (13.5)
1963-1972 281 (10.5) 3379 (12.9) 112 (8.5) 751 (11.6)
1968-1977 202 (7.5) 2832 (10.8) 101 (7.6) 564 (8.7)
1973-1982 144 (5.3) 2104 (8.0) 59 (4.5) 422 (6.5)
1978-1987 108 (4.0) 1434 (5.5) 36 (2.7) 272 (4.2)
1983-1992 62 (2.3) 723 (2.7) 21(1.6) 170 (2.6)
1988-1997 24 (0.9) 352 (1.3) 15 (1.1) 81 (1.2)
1993-2002 9(0.3) 104 (0.4) _k* 26 (0.4)
Alive 2428 (90.6) 25 162 (96.5) 1094 (83.2) 6035 (93.1)
Histologically confirmed 2598 (96.9) 25 325 (97.2) 1279 (97.3) 6321 (97.5)
Thyroid biopsy < 6 mo before 1609 (60.0) 16 813 (64.5) 765 (58.2) 4220 (65.1)
diagnosis date§
Imaging modalityq]
CT 1760 (65.6) NA 960 (73.0) NA
Carotid ultrasonography 275 (10.2) NA 115 (8.7) NA
MRI 290 (10.8) NA 95 (7.2) NA
SPECT 355 (13.2) NA 140 (10.6) NA

Note: CT = computed tomography, MRI = magnetic resonance imaging, NA = not applicable, SD = standard deviation, SPECT = single-photon emission computed tomography.
*Incidentally detected status using a 3-month look-back period from patient index date (see main text).

tFor each sex, except for histologic confirmation, characteristics differed significantly by incidentally detected status (y? test for categorical variables; t test for continuous
variables; p < 0.001). The proportion of histologically confirmed cases did not vary by incidentally detected status (o > 0.990 for females and males).

tUnless stated otherwise.

§Includes thyroid gland core biopsy, fine-needle aspiration biopsy and aspiration procedures (Ontario Health Insurance Plan fee codes Z727, Z771 and Z726, respectively).
fIPositron emission tomography not shown because of few cases and thus values were randomly rounded to multiples of 5 to obscure back-calculation of those cases.
Therefore, the modality strata do not total the counts by age group because of the rounding. Subtracting the counts by imaging modality strata from those by age group
does not provide the actual counts for positron emission tomography-associated incidentally detected cases.

**Value suppressed owing to small sample size.
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Figure 1: Differentiated thyroid cancer age-standardized incidence rates (per 100 000 person-years) by sex and incidentally detected status,
1998-2017. Restricted to patients aged 15 to 84 years at diagnosis. Rates are age-standardized to people registered with an Ontario health
card (Registered Persons Database). The shaded bands indicate the 95% confidence intervals for the rates. (A) Female age-standardized rates
by incidentally detected status. (B) Male age-standardized rates by incidentally detected status.

respectively), patients with incidentally detected cases were
consistently older (Appendix 1, Supplementary Table 10).
Trends in age-specific rates by birth cohort or diagnosis
period were not sensitive to look-back period (Appendix 1,
Supplementary Figures 3-6). Model selection was not sensi-
tive to look-back period, and the parameter estimates were
consistent (Appendix 3, available at www.cmajopen.ca/
content/8/4/E695/suppl/DC1). Use of the birth cohort con-
straint did not affect the results (Appendix 4, available at
www.cmajopen.ca/content/8/4/E695/suppl/DCl).

The incidence of differentiated thyroid cancer has increased
rapidly over the past 20 years in Ontario. We found
that incidentally detected cases represent up to 20% and 30%
of differentiated thyroid cancer cases among female and male
patients in Ontario, respectively. These increases were seen
after accounting for age at diagnosis and birth cohort.
Incidence rates of incidentally detected cases are increasing
faster than rates of nonincidentally detected cases among
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Figure 2: Differentiated thyroid cancer age-specific rates (per 100 000 person-years) by birth cohort and sex for nonincidentally detected cases
(panels A and B) and incidentally detected cases (panels C and D). Restricted to patients aged 15 to 84 years at diagnosis. These descriptive
results do not disentangle potential age, diagnosis period or birth cohort effects. (A) Female age-specific rates by birth cohort, nonincidentally
detected cases. (B) Male age-specific rates by birth cohort, nonincidentally detected cases. (C) Female age-specific rates by birth cohort,
incidentally detected cases. (D) Male age-specific rates by birth cohort, incidentally detected cases.

female and male patients, and CT- and MRI-associated
incidentally detected rates have increased significantly.

This population-based study examined diagnostic pathways
to classify patients with differentiated thyroid cancer according
to incidentally detected status defined by primary care practice
guidelines from the American Thyroid Association®**** and
quantified population-based trends in differentiated thyroid
cancer rates by status and imaging modality relevant to the
North American setting. The recent decline in rates among
female patients in Ontario is consistent with the trend in the
United States!” and may reflect the 2015 guideline discouraging
evaluation of subcentimetre thyroid nodules.’ Although
the pre-2009 guidelines did not provide size-based nodule
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recommendations for fine-needle aspiration biopsy,’! the
2015 guideline added recent, evidence-based sonographic
characteristics for malignancy assessment and nodule size to
the evaluation algorithm, wherein biopsy was not recommended
for subcentimetre nodules.** By design, to reduce iatrogenic
exposures, we excluded patients with multiple inpatient CT
scans, nuclear imaging or procedures involving ionizing
radiation exposure that are higher dose than conventional
radiography™ prior to a differentiated thyroid cancer diagnosis.
An American single-institution study that assessed the
Society of Radiologists in Ultrasound guideline found that
15% of cases were incidentally detected over 10 years without
considering diagnostic pathways beyond ultrasonography.’!
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Figure 3: Differentiated thyroid cancer age-specific rates (per 100 000 person-years) by diagnosis period and sex for nonincidentally detected
cases (panels A and B) and incidentally detected cases (panels C and D). Restricted to patients aged 15 to 84 years at diagnosis. These
descriptive results do not disentangle potential age, diagnosis period or birth cohort effects. (A) Female age-specific rates by diagnosis period,
nonincidentally detected cases. (B) Male age-specific rates by diagnosis period, nonincidentally detected cases. (C) Female age-specific rates
by diagnosis period, incidentally detected cases. (D) Male age-specific rates by diagnosis period, incidentally detected cases.

A Japanese study examined the routes to thyroid cancer
detection, and similarly, found increasing rates of
incidentally detected thyroid cancer, even exceeding
nonincidentally detected thyroid cancer found in patients
older than age 44 years, using cases detected by screening,
health checkups and follow-up of other diseases to define
incidentally detected cancer.*!

Our finding of age-period-cohort effects for nonincidentally
detected case rates in female patients is consistent with prior
thyroid cancer findings in Canada from 1970 t01996.1* Earlier
American and Canadian studies of thyroid cancer incidence
trends up to the mid-1990s reported declining or stabilizing
birth cohort effects overall,” and for male patients specifically,'

but this effect was not evident among male patients in our study.
In addition, our study may not have identified birth cohort
effects for men given shorter life expectancy than women.

Our study shows that incidentally detected cases increasingly
contribute to rising differentiated thyroid cancer rates,
concomitant with increased availability and use of CT and MRI
in Ontario.® However, CT units have outnumbered other
imaging modalities in Ontario (e.g., 2012, 168 CTs v. 104
MRIs®), had the highest per capital use rate of the imaging
modalities (e.g., in 2012, 12.5 CT, 7.7 MRI and 0.7 PET-CT
scans per 1 million people®), and are associated with provincial
increases in rates of incidentally detected differentiated thyroid
cancer.
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Table 2: Sex-specific model coefficients for differentiated thyroid cancer rates by incidentally detected status,

1998-2017*
Female patients; rate ratio (95% CI) Male patients; rate ratio (95% CI)
n=28735 n=7796
Nonincidentally Nonincidentally
detectedt Incidentally detected detected Incidentally detected
Covariate n =26 055 n = 2680 n = 6482 n=1314

Age group, yr

15-19 0.23 (0.04-1.22)
20-24 0.44 (0.10-1.83)
25-29 0.68 (0.21-2.25)
30-34 0.90 (0.35-2.33)
35-39 1.01 (0.49-2.07)
40-44 1.02 (0.63-1.65)
45-49 1.03 (0.80-1.31)
50-54 Referent

55-59 0.87 (0.68-1.11)
60-64 0.75 (0.46-1.21)
65-69 0.62 (0.30-1.27)
70-74 0.54 (0.21-1.41)
75-79 0.36 (0.11-1.18)
80-84 0.19 (0.05-0.80)

Diagnosis period

1998-2002 Referent

2003-2007 1.60 (1.26-2.04)
2008-2012 2.35 (1.46-3.77)
2013-2017 2.49 (1.22-5.08)

0.09 (0.06-0.14)
0.17 (0.13-0.23)
0.31 (0.25-0.39)
0.51 (0.42-0.61)
0.64 (0.54-0.76)
0.77 (0.65-0.90)
0.89 (0.76-1.03)
Referent
1.01 (0.86-1.18)
1.13 (0.96-1.32)
1.14 (0.97-1.35)
0.97 (0.81-1.17)
1.00 (0.82-1.22)
0.82 (0.65-1.03)

Referent
1.80 (1.55-2.10)
2.88 (2.50-3.32)
3.45 (3.00-3.96)

0.11 (0.09-0.14)
0.22 (0.19-0.26)
0.38 (0.34-0.44)
0.53 (0.47-0.59)
0.77 (0.70-0.86)
0.87 (0.79-0.96)
0.91 (0.82-1.00)
Referent
1.06 (0.96-1.17)
1.12 (1.01-1.23)
0.90 (0.81-1.01)
0.86 (0.76-0.98)
0.56 (0.47-0.66)
0.37 (0.29-0.46)

Referent
1.39 (1.27-1.52)
2.03 (1.87-2.20)
2.38 (2.20-2.58)

0.06 (0.03-0.12)
0.13 (0.08-0.21)
0.26 (0.19-0.37)
0.38 (0.28-0.52)
0.55 (0.43-0.71)
0.69 (0.54-0.87)
0.83 (0.66-1.04)
Referent
1.06 (0.85-1.32)
1.23 (0.99-1.54)
1.61 (1.29-2.00)
1.45 (1.14-1.85)
1.23 (0.93-1.62)
1.04 (0.74—1.47)

Referent
1.62 (1.30-2.01)
2.62 (2.14-3.19)
3.21 (2.65-3.90)

Note: Cl = confidence interval.

provides estimates for each look-back period.

*Estimates are for the 3-month look-back period; Appendix 3 (Supplementary Tables 1—4; available at www.cmajopen.ca/content/8/4/E695/suppl/DC1)

tFemale nonincidentally detected statistical model includes birth cohort parameter estimates, which are nonsignificant owing to the constraint
imposed (birth cohort parameter 1918-1927 = 1923-1932). Complete coefficients are provided in Appendix 3 (Supplementary Table 1).

Limitations

In using administrative databases, a primary study limitation is
our inability to classify incidentally detected differentiated
thyroid cancer as overdiagnosis, a concern regarding clinical
implications and bias. For clinical implications, the
incidentally detected classification requires external validation
and examination of patient clinicopathological characteristics,
treatment pathways and outcomes to appropriately assess
overdiagnosis. For example, we were unable to stratify
analyses using pathology characteristics (e.g., tumour size).*
Pathology information would help evaluate potential patient
and system impacts associated with incidentally detected
cases; overtreatment is a major concern because standard
therapy involves surgical resection and has substantial
morbidities.** For our study, overdiagnosis bias would
underestimate incidental detection as some differentiated
thyroid cancers were likely discovered by neck
ultrasonography performed for other indications. Further, our
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definition of incidentally detected excludes differentiated
thyroid cancers detected by thyroid ultrasonography
screening, consistent with the US Preventive Services Task
Force’s recommendation against population-based thyroid
cancer screening because of treatment harms and potential for
substantial overdiagnosis and overtreatment.’® To assume that
incidentally detected cases comprise the breadth of
overdiagnoses and that nonincidentally detected rate increases
evidence, a true increase in differentiated thyroid cancer
incidence would be too simplistic.

Our classification of incidental detection is based on
diagnostic pathways that were clinically informed but not
externally validated. For incidentally detected cases, older age
at diagnosis versus nonincidentally detected cases and higher
male versus female rates provides face-validity for the
classification, as use of diagnostic imaging increases with
age,”®? and men aged 60 years and older had the highest rate
of combined CT, MRI and ultrasonography tests in Ontario



Table 3: Sex-specific model coefficients for rates of incidentally detected differentiated thyroid
cancer by imaging modality, 1998-2017*

Female patients; rate ratio  Male patients; rate ratio

(95% Cl) (95% Cl)
Covariate n = 26801 n = 1314t
Imaging modality
CT Referent Referent
Carotid ultrasonography 0.15 (0.10-0.23) 0.19 (0.12-0.32)
MRI 0.08 (0.05-0.14) 0.02 (0.01-0.09)
SPECT 0.16 (0.11-0.24) 0.15 (0.08-0.26)
Age group, yr
15-19 0.09 (0.06-0.14) 0.06 (0.03-0.12)
20-24 0.17 (0.13-0.23) 0.13 (0.08-0.21)
25-29 0.31 (0.25-0.39) 0.26 (0.19-0.37)
30-34 0.50 (0.42-0.61) 0.38 (0.28-0.52)
35-39 0.64 (0.54-0.76) 0.55 (0.43-0.71)
40-44 0.77 (0.65-0.90) 0.69 (0.54-0.87)
45-49 0.89 (0.76-1.03) 0.83 (0.66-1.04)
50-54 Referent Referent
55-59 1.01 (0.86-1.18) 1.06 (0.85-1.32)
60-64 1.13 (0.96-1.32) 1.23 (0.99-1.54)
65-69 1.14 (0.97-1.35) 1.60 (1.28-1.99)
70-74 0.97 (0.81-1.17) 1.46 (1.14-1.85)
75-79 1.00 (0.82-1.22) 1.23 (0.93-1.62)
80-84 0.82 (0.65-1.03) 1.04 (0.74-1.47)
Diagnosis period
1998-2002 Referent Referent
2003-2007 1.56 (1.30-1.88) 1.53 (1.18-1.97)
2008-2012 2.61 (2.20-3.09) 2.59 (2.05-3.26)
2013-2017 3.20 (2.71-3.77) 3.31 (2.64-4.14)

Modality (period)t

Carotid ultrasonography (2003-2007)§
Carotid ultrasonography (2008—-2012)§
Carotid ultrasonography (2013-2017)§
MRI (2003-2007)§

MRI (2008-2012)§

MRI (2013-2017)§

SPECT (2003-2007)§

SPECT (2008-2012)§

SPECT (2013-2017)§

1.26 (0.77-2.07)
1.07 (0.67-1.69)
0.89 (0.56-1.40)
1.97 (1.07-3.60)
2.20 (1.25-3.88)
1.99 (1.14-3.49)
1.61 (1.01-2.58)
1.21 (0.77-1.90)
1.24 (0.80-1.92)

0.62 (0.31-1.23)
0.53 (0.28-1.00)
0.59 (0.33-1.06)
5.25 (1.19-23.15)
4.64 (1.09-19.80)
5.21 (1.24-21.84)
1.42 (0.72-2.78)
1.19 (0.63-2.24)
0.65 (0.34—1.24)

Note: Cl = confidence interval, CT = computed tomography, MRI = magnetic resonance imaging, SPECT = single-photon
emission computed tomography.

*Estimates are for the 3-month look-back period; Appendix 3 (Supplementary Tables 5-6; available at www.cmajopen.ca/
content/8/4/E695/suppl/DC1) provides estimates for each look-back period.

tTotal incidentally detected cases shown to obscure back-calculation of positron emission tomography—associated cases,
which were excluded from imaging-specific models because of few cases.

1Denotes a statistical interaction term among the covariates.

§Denotes the statistical interaction estimate among the covariate categories.
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from 1993 to 2004.8 We may have detected higher rates of
incidental detection among male than female patients because
of more intensive screening (thyroid gland ultrasonography
and fine-needle aspiration biopsy) for female patients — given
higher prevalence of thyroid nodules’ and higher
age-standardized thyroid cancer rates'* — thus defining the
cases as nonincidental. However, we believe that using the
diagnostic pathway provides an accurate classification of
detection given the available population-level data.

Conclusion

Incidental detection of differentiated thyroid cancer from
head, neck and thorax imaging procedures contributes a
substantial proportion of cases. Increases in incidentally
detected cases are associated with patients having
prediagnostic CT scans, which has continued to increase
after adjusting for age. Future research on incidentally
detected cases should externally validate the classification
and evaluate whether patient outcomes are improved (e.g.,
reduced recurrence), determine which patient and health
care system factors are associated with incidental detection,
and estimate health care system impacts.
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