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Abstract

Background Over the past few decades, an increase in the
incidence of thyroid cancer has been recorded in many
countries around the world including Australia. Heightened
medical surveillance and increased technological sensitiv-
ity could be contributing to greater detection of asymp-
tomatic disease.

Objectives To describe the pathways to diagnosis of thy-
roid cancer for a cohort of newly diagnosed patients in New
South Wales (NSW), Australia, and compare these path-
ways by age, sex, place of residence, ethnic background,
medical insurance status, and disease characteristics.
Methods A total of 452 newly diagnosed cases of thyroid
cancer were recruited through the population-based NSW
Central Cancer Registry. Participants completed a ques-
tionnaire and diary of doctor visits and investigations that
led to their diagnosis. Tumor characteristics were obtained
from pathology reports.
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Results Forty percent of patients initially presented to
their doctor with a lump or symptom specific to thyroid
cancer and 60% had their cancer detected incidentally
during a medical encounter. Men were more likely than
women to be diagnosed after imaging for another health
concern versus reporting a thyroid lump or symptom
(p = 0.001). Thyroid cancer diagnosis after imaging for
another health concern increased with age (p = 0.023), and
larger tumors were less likely to be diagnosed after treat-
ment for a benign thyroid disease (p = 0.040).
Conclusion  As the majority of participants had incidental
diagnoses, the reported incidence of thyroid cancer is likely
to be influenced by diagnostic technology and medical
surveillance practices. This, however, probably only partly
explains the observed rise in the incidence of thyroid
cancer in NSW.
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Introduction

An increase in the incidence of thyroid cancer has been
reported in many countries over the past few decades [1-5]
and has been particularly marked in the Australian state of
New South Wales (NSW) [5]. The age-standardized thy-
roid cancer rate in NSW women increased from 2.3 per
100,000 person-years in the period 1973-1977 to 8.1 per
100,000 in 1998-2002, a 252% increase, while for the
same period in the USA (SEER: White data), the rates in
women increased from 5.4 to 10 per 100,000, an 85%
increase [5]. The age-standardized thyroid cancer rate in
NSW men increased from 0.9 per 100,000 person-years in
the period 1973-1977 to 2.5 per 100,000 in 1998-2002, a
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178% increase. In the USA (SEER: White data), a 52%
increase in the incidence of thyroid cancer occurred over
this same period [5].

Internationally, the increasing thyroid cancer incidence
has been found to be primarily due to an increase in the
incidence of the papillary type of thyroid cancer and, in
many cases, has been found to be due to a rise in the
diagnosis of microcarcinomas [1, 2, 4, 6, 7].

The reason for these changes remains unclear; how-
ever, a common hypothesis is that changes in diagnostic,
surgical, and pathological practices have made it easier to
identify small, asymptomatic thyroid nodules that may
never have progressed to become clinical disease [4, 8].
Autopsy studies suggest that the prevalence of small
thyroid carcinomas is many times that of clinically
apparent cancer [9], so it is possible that the increase in
thyroid cancer incidence is due to increased detection of
these tiny, asymptomatic tumors rather than any increase
in the real incidence of the disease. This theory is
somewhat supported by the observed stable mortality
rates [10] and the finding that in many countries the
increase in thyroid cancer has been greatest for smaller
tumors [4, 6, 11, 12].

Other research, however, supports the alternative
hypothesis that there has been a real increase in thyroid
cancer incidence [13-15]. As survival from well-differen-
tiated thyroid cancer is generally very high, and the disease
is treated with a well-established and successful protocol, it
is possible that a stable mortality rate despite an increasing
incidence rate does not indicate overdiagnosis of subclin-
ical disease to the degree that it does for other, more
aggressive cancers. A real increase in thyroid cancer could
be due to the general population’s exposure to a known or
unidentified risk factor, but the particular exposure(s) is/are
not known [15, 16]. The known risk factors for thyroid
cancer are exposure to ionizing radiation and a history of
benign thyroid nodules and goiter [17]. There is also some
evidence that dietary iodine intake and hormonal factors
influence the etiology of thyroid cancer, but results
from studies examining these factors remain inconsistent
[18, 19].

Fortunately, the mortality rate for thyroid cancer is very
low, but the striking increase in thyroid cancer incidence
experienced in NSW and elsewhere over the past 30 years
is still of great concern. If the increase is real, and due to an
environmental exposure, action may be taken to reduce the
population’s exposure to this risk factor. If, however, the
increase in thyroid cancer incidence is due to increased
medical surveillance and diagnostic sensitivity, then there
may be concerns about the personal and public cost of
overtreatment that need to be addressed.

This study explored the possibility that thyroid cancer
incidence in NSW is influenced by the detection of
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asymptomatic disease. The aims were to describe the
pathways to the diagnosis of thyroid cancer for a cohort of
newly diagnosed thyroid cancer patients in NSW and to
compare pathways in groups of people defined by age, sex,
place of residence, ethnic background, medical insurance
status, and disease characteristics.

Materials and methods
Study design

The study was a population-based cross-sectional study of
newly diagnosed cases of thyroid cancer in NSW, Aus-
tralia. The study was approved by the Cancer Council
NSW and Cancer Institute NSW’s Human Research Ethics
Committees.

Subjects and recruitment

Patients with thyroid cancer were ascertained directly from
notifications to the population-based NSW Central Cancer
Registry (CCR). Patients were eligible to participate if they
were diagnosed in the period May 1, 2006, to August 31,
2008, aged between 18 and 79 years at diagnosis, had a
pathologically confirmed diagnosis of papillary, follicular,
or medullary cancer, and were able to provide written
informed consent. These histological types were included
because the observed increases in thyroid cancer incidence
have primarily been driven by increases in papillary thy-
roid cancer, because these three types of thyroid cancer
make up more than 90% of all new thyroid cancer cases in
NSW [20], and because the excluded, rare types of thyroid
cancer (including anaplastic carcinoma) behave very dif-
ferently from the majority of thyroid cancers.

The CCR asked eligible patients’ diagnosing doctors for
consent to contact their patients about the study and then
contacted patients to obtain their consent to pass their
details on to the researchers. The researchers then provided
patients with additional information and the study materi-
als. After 21 days, non-responding patients were followed
up by telephone or with a second letter if telephone contact
was unsuccessful.

Of the 1024 eligible patients identified by the CCR, 556
(54%) agreed to have their contact details passed on to the
researchers, and 452 (81%) of these patients then partici-
pated in the study (44% participation rate), as shown in
Fig. 1.

The median time from thyroid cancer diagnosis to
completing the study questionnaire was 6 months (inter-
quartile range [IQR] 3-9).
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Fig. 1 Flowchart of recruitment process and response rates

Sample size

Sample size calculations were based on 2001 incidence rates
of thyroid cancer in NSW [21]. It was estimated that
approximately 663 new cases of papillary, follicular, or
medullary thyroid cancer would occur in 18 months. Expe-
rience from previous studies using a similar recruitment
process predicted that 60—70% of all new eligible cases would
be recruited [22], resulting in at least 400 participants. This
number of participants would provide at least 80% power to
detect small differences in dichotomous comparisons.

Data collection

Participating patients self-completed a two-part question-
naire. The first part of the questionnaire requested infor-
mation on patients’ demographic characteristics (age,
education, country of birth, etc.), diet, past exposure to risk
factors, medical history, and reproductive history (for
women only). The second part of the questionnaire was a
structured diary that sought information on the patients’
medical appointments and procedures prior to their thyroid
cancer diagnosis.

To test the accuracy of the self-report questionnaire, a
small validation study was completed during the early
stages of recruitment. With doctor and patient consent, the
self-reported responses to questions regarding the medical
history and diagnostic pathway for 46 study participants
were compared with the information recorded in their
medical records. A high level of agreement was found
(data not reported).

Information on a pre-operative diagnostic fine-needle
aspiration (FNA), details of the surgical procedure, type

and focality of tumors, other thyroid disease in the sample,
primary tumor size, spread of disease, invasion, lymph
node involvement, and number of blocks taken and sam-
pled was obtained from pathology reports held by the CCR.

Additional data were obtained from the CCR for all
study participants including age at diagnosis, date of
diagnosis, local government area (LGA) and area health
service (AHS) of residence at the time of diagnosis, tumor
morphology code, and spread of disease. Aggregate data
for eligible non-participants were provided so the two
groups could be compared.

Outcome measures

The responses recorded in the diary section were used to
categorize patients into one of five distinct pathways to
diagnosis: (1) Initially presented due to patient’s concern
about a mass in their neck or obstructive symptom (Patient
detected), (2) A doctor noticed a lump in the patient’s neck
of which they were unaware (Doctor detected), (3) Tumor
incidentally found during diagnostic imaging for another
health problem (Imaging), (4) Cancer diagnosed after sur-
gery for a benign thyroid disorder (After benign disease), or
(5) Any other pathway (Other). Patients categorized in
pathways 1 to 3 specifically described the reasons for their
first medical appointment and subsequent treatment.
Patients in group 4 reported a diagnosis of benign thyroid
disease at least 2 months prior to their thyroid cancer
diagnosis, and their responses to questions regarding
benign thyroid disease history were consistent with this
pathway. The fifth group comprised any patients whose
diagnostic pathway did not clearly follow the other defined
pathways.
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Statistical analysis

Participants’ characteristics were summarized using pro-
portions for categorical variables or medians and inter-
quartile ranges for continuous variables. Diagnostic
pathways were compared across groups of patients using
chi-squared tests. Multinomial logistic regression was used
to identify the variables that were significantly and inde-
pendently related to the pathways to diagnosis. The Patient
detected pathway was the base outcome category for
comparisons with the Doctor detected, Imaging, and After
Benign disease categories. The Other pathway was exclu-
ded from the regression analysis due to small numbers of
participants. Covariates related to the study objectives were
included in the regression model. Age and tumor size were
included as continuous variables to allow finer adjustment
for confounding and to avoid wide categories and small
cell sizes for some covariate/pathway combinations. All
pairwise interaction terms were fitted individually and none
reached statistical significance.

We used an adaptive algorithm described in detail
elsewhere [23] to examine the appropriateness of the
assumptions of linear effects for the continuous covariates
of age and tumor size. Briefly, this involved fitting a
number of exploratory models in which the functional
forms of age and tumor size were modeled as first- or
second-degree fractional polynomials with powers —2,
—1,-0.5, 0, 0.5, 1, 2, or 3. The deviance of each explor-
atory model was then compared with the deviance of the
linear model for evidence of significantly better model fit.
No evidence was found against the assumptions of linearity
for age and tumor size.

Initial statistical analysis was performed using the sta-
tistical software package SPSS v15.0 (SPSS for Windows,
Rel. 15.0.1. Chicago: SPSS Inc., 2006), and multinomial
logistic regression analyses were performed using STATA
11 software (StataCorp 2010 Statistical Software: release
11.0, STATA: College Station, TX, USA).

Modeling the effects of pathways to diagnosis
on thyroid cancer incidence over time

To investigate how changes in thyroid cancer patients’
diagnostic pathways might have influenced the reported
incidence of the disease, we used the estimated proportions
of cases diagnosed via the different pathways to estimate
the additional numbers of cases that may have been diag-
nosed and their impact on the incidence rates of thyroid
cancer in NSW from 1980 to 2006. We assumed that in
1980 all thyroid cancer cases were patient detected, so that
the equivalent of the proportion of patients who were
diagnosed via the Doctor detected, Imaging, After benign
disease, and Other pathways in our cohort would have
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gone undiagnosed. If the increase in thyroid cancer inci-
dence over the period 1980-2006 was driven entirely by
the diagnosis of additional cases via these incidental
pathways, then adding the ‘potential cases’ to the 1980
incidence rates and applying these to the 2006 population
should provide incidence rates similar to those recorded in
2006. As the assumption that there were no patients diag-
nosed via the non-patient-detected pathways in 1980 is
unlikely, this model should overestimate the ‘potential’
2006 incidence rate and therefore underestimate any real
increase in thyroid cancer incidence.

We calculated the number of ‘potential cases’ in each
10-year age group in 1980 by adding to the reported
numbers of thyroid cancer cases [24] additional cases
equivalent to the proportions of patients diagnosed via the
non-patient-detected pathways. Using the 1980 age-spe-
cific populations, the potential age-specific incidence rates
for 1980 were estimated. These new rates were then
applied to the estimated 2006 population [25] to calculate
the ‘potential’ incidence rate in 2006, which was then
compared to the reported 2006 rate [25].

Results
Characteristics of the sample

The majority of the participants were women (76%). The
median age at diagnosis was 48 years for women (IQR
40-57) and 53 years for men (IQR 42.5-63). The median
tumor size for women and men was 10 mm (IQR 4-20)
and 15 mm (IQR 5-35), respectively. Table 1 shows the
characteristics of the sample.

Using aggregated data provided by the CCR, the study
sample (n = 452) was compared to the non-participating
eligible thyroid cancer patients (n = 572). There were no
significant differences in proportions for sex, age at
diagnosis, cancer type, or disease spread at diagnosis
between participants and eligible non-participants (see
Table 2). There was, however, a significant difference in
place of residence (p < 0.001), with an over-representa-
tion of residents from rural and other urban areas in the
study sample.

Pathways to the diagnosis of thyroid cancer

Forty percent of patients were diagnosed after they
noticed a lump or obstruction in their neck (Patient
detected), 16% were diagnosed after a doctor noticed a
lump in their neck (Doctor detected), 11% had their
tumor discovered as an incidental finding of an imaging
procedure for some other health problem (Imaging), 26%
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Table 1 Characteristics of participants with thyroid cancer in NSW, Australia
Men n = 108 Women n = 344 Total
n %o n % n %o

Age at diagnosis

<45 years 31 28.7 130 37.8 161 35.6

45-54 28 25.9 109 31.7 137 30.3

55+ 49 454 105 30.5 154 34.1
Place of residence

Metropolitan 57 52.8 228 66.3 285 63.1

Other urban 18 16.7 55 16.0 73 16.2

Rural 33 30.6 61 17.7 94 20.8
Country of birth

Born overseas 31 28.7 100 29.1 131 29.0

Born in Australia 77 71.3 244 70.9 321 71.0
Language spoken at home

English only 93 86.1 283 82.3 376 83.2

Other 15 13.9 58 16.9 73 16.2

Unknown 0 0 3 0.9 3 0.7
Education

School level or none 31 28.7 107 31.1 138 30.5

High school or trade/apprenticeship 27 25.0 57 16.6 84 18.6

TAFE/diploma 22 20.4 84 244 106 23.5

University 28 25.9 96 27.9 124 27.4
Current work status

Full-time 50 46.3 117 34.0 167 36.9

Part-time 9 8.3 90 26.2 99 21.9

Retired 29 26.9 57 16.6 86 19.0

No paid work (not retired) 20 18.5 80 23.3 100 22.1
Ever worked in a potentially high-risk role

(exposed to radiation)

No 99 91.7 326 94.8 425 94.0

Yes 4.6 4 1.2 9 2.0

Unknown 3.7 14 4.1 18 4.0
First-degree relative with thyroid cancer

Yes 2 1.9 16 4.7 18 4.0

No 106 98.1 328 95.3 434 96.0
Private health insurance

None 38 352 96 27.9 134 29.6

Hospital and extras 60 55.6 204 59.3 264 58.4

Hospital only 10 9.3 41 11.9 51 11.3

Unknown 0 0 3 0.9 3 0.7
Treatment for other disease at the time of diagnosis

No 52 48.1 191 55.5 243 53.8

Yes 56 51.9 150 43.6 206 45.6

Unknown 0 0 3 0.9 3 0.7
Other thyroid disease previously diagnosed

No 93 86.1 216 62.8 309 68.4

Yes 13 12.0 128 37.2 141 31.2

Unknown 2 1.9 0 0 2 0.4
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Table 1 continued

Men n = 108 Women n = 344 Total
n % n % n %
Cancer type
Papillary 82 75.9 303 88.1 385 85.2
Follicular 21 194 35 10.2 56 124
Medullary 5 4.6 6 1.7 11 2.4
Tumor size
<l cm 38 352 167 48.5 205 45.4
>1-<2 24 222 88 25.6 112 24.8
>2-<3 13 12.0 39 11.3 52 11.5
>3 29 26.9 38 11.0 67 14.8
Unknown 4 3.7 12 35 16 35
Disease spread at diagnosis
Not specified 11 10.2 35 10.2 46 10.2
Localized to thyroid 72 66.7 227 66.0 299 66.2
Spread beyond thyroid 25 23.1 82 23.8 107 23.7
Table 2 Comparison of participants and eligible non-participants
Participants n = 452 Non-participants n = 572 p*
n % n %
Sex
Male 108 239 131 229 0.71
Female 344 76.1 441 77.1
Age at diagnosis
<45 years 161 35.6 220 38.5 0.40
45-54 137 30.3 152 26.6
55+ 154 34.1 200 35.0
Disease spread at diagnosis
Not specified 46 10.2 84 14.7 0.06
Localized to thyroid 299 66.2 374 65.4
Spread beyond thyroid 107 23.6 114 19.9
Cancer type
Papillary 385 85.2 500 87.4 0.57
Follicular 56 124 61 10.7
Medullary 11 24 11 1.9
Place of residence
Metropolitan 285 63.1 444 77.6 <0.001
Other urban 73 16.2 56 9.8
Rural 94 20.8 72 12.6

# p-value for Fisher’s exact test

were diagnosed with thyroid cancer after they had been
diagnosed and treated for a benign thyroid disorder (After
benign disease), and 7% had experienced another pathway
(Other) (Table 3).

The weighted proportions across pathways adjusting for
the differences in the distribution by place of residence
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between the sample and all eligible thyroid patients were
very similar to those in the sample (Table 3).

Only 38.5% of patients had received a definitive cancer
diagnosis prior to thyroid surgery. A non-statistically sig-
nificant larger proportion of women (63%) were diagnosed
after surgery than men (55%, p = 0.15).
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Table 3 Pathways to the diagnosis of thyroid cancer in men and women in NSW, Australia

Pathway Men n = 108 Women n = 344 Total n = 452 Weighted

n % n % n % %*

Patient detected 39 36.1 140 40.7 179 39.6 38.8
Doctor detected 23 21.3 49 14.2 72 15.9 16.4
Imaging 22 20.4 28 8.1 50 11.1 10.9
After benign disease 14 13.0 104 30.2 118 26.1 26.2
Other 10 9.3 23 6.7 33 73 7.6

4 Weighted to population distribution by place of residence

Factors associated with pathways to diagnosis

From bivariable analysis, the pathways to diagnosis varied
significantly by age group (p = 0.009), sex (p < 0.001),
tumor size (p < 0.001), spread of cancer at diagnosis
(»p = 0.006), treatment for another disease at the time of
diagnosis (p = 0.02), and current work status (p = 0.001).

Variables that were not statistically significantly asso-
ciated with the pathways to diagnosis included health
insurance status, education level, smoking, alcohol con-
sumption, number of other illnesses, previous cancer,
family history of thyroid cancer, time from last pregnancy
for women, and cancer type. Although not statistically
significant, there were some differences in cancer types
across the pathways in women, where papillary tumors
were more often discovered after diagnosis for a benign
thyroid disorder than follicular and medullary type tumors
(p = 0.14). These other types were more common for
patients who initially noticed a symptom or thyroid mass.

Results from the multinomial logistic regression model
including age (continuous), sex, place of residence, place
of birth, medical insurance status, and disease character-
istics (treatment for another disease at the time of diag-
nosis, cancer type, tumor size (continuous) and spread of
disease at diagnosis) are shown in Table 4. While the
pathways to diagnosis varied significantly according to
current work status, this variable was not included in the
model as it was strongly associated with age. After
adjusting for all factors in the model, pathways to diagnosis
varied significantly in men and women (p = 0.001) and by
age (p = 0.023) and tumor size (p = 0.040). Men were
more likely than women to be diagnosed after the doctor
noticed a lump (vs. patient detected) (OR 2.14, 95% CI
1.06, 4.30) or as an incidental finding of imaging (OR 2.37,
95% CI 1.11, 5.09). The odds of thyroid cancer being
diagnosed as an incidental finding of imaging (vs. patient
detected) increased with age (per year increase, OR 1.05,
95% CI 1.02, 1.08). Larger tumor size decreased the odds
of being diagnosed after treatment for benign thyroid dis-
ease (vs. patient detected) (per mm increase, OR 0.97, 95%
CI 0.95, 0.99).

The effect of disease spread at diagnosis was marginally
non-significant (p = 0.056). The odds of patients with
tumor spread beyond the thyroid having their cancer ini-
tially detected by a doctor (vs. patient detected) were 57%
lower (OR 0.43, 95% CI 0.19, 0.95) than patients with
cancer localized to the thyroid. Patients with cancer spread
beyond the thyroid also had 62% lower odds (OR 0.38,
95% CI 0.19, 0.76) of having their cancer diagnosed after
treatment for a benign thyroid disease (vs. patient detected)
than patients with localized cancer.

Although pathways to diagnosis did not vary signifi-
cantly with place of residence overall, people living in rural
areas had 51% lower odds (OR 0.49, 95% CI 0.25, 0.98) of
being diagnosed after treatment for a benign thyroid dis-
ease (vs. patient detected) than people living in metropol-
itan areas.

Effects of pathways to diagnosis on incidence over time

The estimated potential thyroid cancer incidence rates in
2006, calculated by adding the potential additional cases
diagnosed via the non-patient-detected pathways (an
additional 63.9% of male patients and 59.3% of female
patients) to the reported 1980 incidence rates, were 3.90
and 10.78 per 100,000 in men and women, respectively.
These rates are below the reported rates in 2006 of 4.44 and
14.77 per 100,000 [25].

Discussion

We have described the pathways to diagnosis in a cohort of
recently diagnosed thyroid cancer patients in NSW. We
found that only 40% of cases presented to their doctor with
a concern specifically related to thyroid cancer. Con-
versely, the majority (60%) of patients had their thyroid
cancer discovered incidentally, without initially being
aware of a neck mass or compressive symptom. The
pathways to diagnosis differed significantly in men and
women and by age and tumor size. Thyroid cancer in men
was more likely to be detected by a doctor or diagnosed

@ Springer



42

Cancer Causes Control (2012) 23:35-44

Table 4 Factors independently associated with pathways to the diagnosis of thyroid cancer in NSW, Australia

Factors of interest Pathways to diagnosis

Patient Doctor detected Imaging After benign disease Overall
detected p-value
n OR n OR (95% CI) n OR (95% CI) n OR (95% CI)
Sex
Female® 140 1.0 49 1.0 28 1.0 104 1.0 0.001
Male 39 1.0 23 2.14 (1.06, 4.30) 22 2.37 (1.11, 5.09) 14 0.52 (0.25, 1.09)
Age
Per year increase 74 1.0 32 1.00 (0.98, 1.03) 34 1.05 (1.02, 1.08) 58 1.01 (0.99, 1.04) 0.023
Place of residence
Metropolitan® 103 1.0 51 1.0 30 1.0 76 1.0 0.312
Other urban 31 1.0 8 0.51 (0.21, 1.25) 9 0.73 (0.27, 1.99) 21 0.79 (0.38, 1.61)
Rural 45 1.0 13 0.45 (0.20, 1.03) 11 0.63 (0.26, 1.53) 21 0.49 (0.25, 0.98)
Place of birth
Born in Australia® 123 1.0 52 1.0 38 1.0 86 1.0 0.790
Born overseas 56 1.0 20 0.80 (0.40, 1.58) 12 0.74 (0.33, 1.65) 32 0.78 (0.43, 1.41)
Private health insurance
Hospital and extras® 99 1.0 48 1.0 26 1.0 70 1.0 0.816
Hospital only 25 1.0 5 0.52 (0.18, 1.54) 8 0.82 (0.26, 2.53) 10 0.60 (0.25, 1.43)
None 54 1.0 19 0.79 (0.40, 1.56) 16 1.03 (0.47, 2.23) 36 1.10 (0.62, 1.94)
Treatment for other disease
at the time of diagnosis
No* 107 1.0 45 1.0 20 1.0 57 1.0 0.200
Yes 70 1.0 27 0.89 (0.46, 1.71) 30 1.82 (0.86, 3.84) 60 1.45 (0.84, 2.5)
Cancer type
Papillary® 147 1.0 64 1.0 43 1.0 105 1.0 0.169
Follicular or medullary 32 1.0 8 0.35 (0.11, 1.09) 7 0.42 (0.13, 1.36) 13 1.02 (0.44, 2.36)
Tumor size
Per mm increase 68 1.0 33 0.99 (0.97, 1.01) 12 1.01 (0.99, 1.03) 72 0.97 (0.95, 0.99) 0.040
Disease spread at diagnosis
Localized to thyroid* 108 1.0 50 1.0 30 1.0 92 1.0 0.056
Spread beyond thyroid 55 1.0 11 0.43 (0.19, 0.95) 15 0.79 (0.34, 1.81) 16 0.38 (0.19, 0.76)
Not specified 16 1.0 11 1.55 (0.62, 3.87) 5 1.40 (0.45, 4.43) 10 0.78 (0.32, 1.90)

 Indicates reference group

after imaging for another health problem than in women.
Larger tumors were less often diagnosed after treatment for
a benign thyroid disease. The incidental diagnosis of thy-
roid cancer after imaging for another health problem
increased with age. People living in metropolitan areas
tended to be more often diagnosed after incidental findings
than people living in rural areas.

NSW is Australia’s most populous state, making up
approximately a third of the Australian population, and is
generally representative of the ethnic, social, and economic
characteristics of the country’s population, so it is likely
that these patterns are occurring across Australia. Also,
although healthcare systems vary internationally, we have
no reason to suspect that the approach to thyroid cancer
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diagnosis and treatment in NSW is markedly different from
that of other developed countries. In addition, as a rise in
thyroid cancer incidence has been recorded in many
developed countries, we believe that our findings would be
similar to those in other developed countries.

To our knowledge, this is the first study to describe
pathways to the diagnosis of thyroid cancer in this way, so
comparison with previous findings is not possible.

The study has some limitations. The classification of the
pathways was complex for some patients. A benign thyroid
disorder is often given as an initial diagnosis during
workup for a thyroid nodule, or if an FNA is inconclusive,
so patients may have reported benign diagnoses without
actually following that pathway to diagnosis. To make a
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clear distinction between pathways, a time period of more
than two months was required between the initial diagnosis
of a benign thyroid disorder and the later cancer diagnosis
for a patient to be classified as having a previous benign
thyroid disease. Responses recorded in the first part of the
questionnaire regarding benign thyroid disease history
were also checked to confirm the pathway for these
patients. However, it is possible that there are misclassified
patients in this group who did not ever receive a definitive
diagnosis of a benign thyroid disease.

The two-stage recruitment process through the NSW
Central Cancer Registry, mandated by the ethics commit-
tees, resulted in a 44% participation rate. However, we
believe that our sample is highly likely to be representative
of all eligible patients diagnosed in NSW during the study
period in terms of age, sex, cancer type, and disease spread.
Although place of residence differed between participants
and non-participants, we are satisfied that our results are
still representative of all thyroid cancer patients in NSW, as
weighting the study results to have the same distribution by
place of residence as all eligible thyroid cancer patients
resulted in differences of less than 1% in the proportions
detected via each pathway.

Further support for this was found when the estimated
age- and sex-specific proportions of patients diagnosed via
the different pathways in our study were applied to the
numbers of patients by age and sex diagnosed with thyroid
cancer in NSW. This yielded the same overall proportions
diagnosed via these pathways in the population as the crude
proportions observed in our study, and confirms the rep-
resentativeness of the study sample.

Another potential limitation of the study is the reliance
on self-reported information from participants. However,
there was a high level of agreement between the self-
reported information and that extracted from medical
records regarding procedures and circumstances leading to
the thyroid cancer diagnosis for a sample of participants.

Increasing use of primary diagnostic tests for thyroid
cancer has been reported [7, 26, 27], but without knowing
the reasons for the instigation of these tests, it is difficult to
know whether the increase in these tests is due to an
increasing number of patients presenting with symptoms of
thyroid cancer or whether the tests are being used for other
reasons. The use of self-reported data is therefore a strength
of this study, as it allowed us to capture the initial reasons
for thyroid investigations that may not have been available
from medical records.

The large proportion of cases diagnosed incidentally in
our study (either as a result of surgery for a benign thyroid
disease, discovered through diagnostic medical imaging for
another health problem, or after a thyroid lump was first
noticed by a doctor) indicates that changes in medical
surveillance and diagnostic practices may have contributed

to the observed increases in the incidence of thyroid can-
cer. Also, although pathways to diagnosis did not differ
significantly by place of residence overall, our results show
a trend toward people living in rural areas being less likely
than those living in metropolitan areas to have their cancer
diagnosed as an incidental result of unrelated medical
surveillance or treatment. This suggests that accessibility to
medical services (such as ultrasound, fine-needle biopsy,
and specialist medical care) affects how thyroid cancer is
diagnosed. It has been suggested that changes in thyroid
cancer incidence reflect improvements in diagnostic tech-
nology or doctors’ surveillance [4, 28], and our results
indicate that in NSW this is indeed possible, although it is
unlikely to be the only contributing factor.

If increased detection was the sole reason for increasing
thyroid cancer incidence, it would be expected that the
increase would be in small tumors only, but several inter-
national studies have found that the rise in thyroid cancer
incidence has occurred in tumors of all sizes [13, 14]. Our
data suggest that larger tumors were most often initially
patient detected and were significantly less likely to be
detected after benign thyroid disease. This suggests that
any increase in the incidence of large thyroid cancers is
unlikely to be due to increased detection, and so supports
those studies that have concluded that the observed
increase in the incidence of larger tumors is evidence of a
real increase in the disease.

The cross-sectional design of our study means that we
cannot draw any conclusions about changes in the path-
ways to diagnosis and incidence of thyroid cancer over
time. To begin to address this question, we used our results
to model the potential influence of changing pathways to
diagnosis on the reported incidence of thyroid cancer over
time. We found that allowing for the extra cases that could
have been diagnosed in 1980 via the non-patient-detected
pathways, the potential thyroid cancer incidence rates in
2006 would have been 3.90 and 10.78 per 100,000 in men
and women, respectively, rates that are still well below the
observed 2006 rates of 4.44 and 14.77 per 100,000 [25].
This suggests that while diagnostic changes are likely to
have contributed to the increase in the incidence of thyroid
cancer, a real change in cancer incidence may also have
occurred.

The potential cause of a real increase in thyroid cancer
risk in NSW is unknown. There has recently been some
evidence that the NSW population has marginal to mild
iodine deficiency [29], but there is no indication that the
general population of NSW would have experienced an
unusual level of exposure to any of the known thyroid
cancer risk factors sufficient to explain the rise in thyroid
cancer incidence. Changes in pathology practices or crite-
ria for thyroid cancer diagnosis may be another contribut-
ing factor in the rise in thyroid cancer incidence. There is,
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for example, evidence to suggest that increased sampling of
thyroid specimens removed for benign indications has
contributed to the more frequent diagnosis of papillary
microcarcinoma [30].

Our finding that the majority of thyroid cancer patients
are diagnosed without initially presenting with a thyroid
mass or symptom specific to thyroid cancer suggests that
the incidence of thyroid cancer is influenced by variations
in diagnostic and medical practices. It is, however, unlikely
that this explains all of the increase in thyroid cancer
incidence observed in NSW over the past few decades, and
thus, further research is required to investigate other
potential causes.
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