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Summary

AIMS OF THE STUDY: Thyroid cancer incidence rates
have been increasing globally over past decades. How-
ever, no study examining those trends in the canton of
Zurich, Switzerland exists. In this study, we describe the
incidence and mortality trends of thyroid cancer in the can-
ton of Zurich during a 37-year period (1980–2016) includ-
ing factors such as sex, histological subtypes and age at
diagnosis.

METHODS: We analysed population-based cancer reg-
istry data from 1980-2016 for the canton of Zurich,
Switzerland. We estimated the age-standardised inci-
dence and mortality rates using the European standard
population. Joinpoint regression was used to detect aver-
age annual percentage changes (AAPCs) and their corre-
sponding 95% confidence intervals (CIs).

RESULTS: We included 2972 primary cases of thyroid
cancer (72.3% in women). The papillary cases accounted
for the majority of incident cases (65.8%). In 2016, women
had a higher age-standardised incidence rate than men
for both papillary (10.4 and 3.3, respectively, per 100,000)
and non-papillary (1.6 and 0.7, respectively, per 100,000)
thyroid cancer. In both men and women, the incidence
rates of thyroid cancer increased significantly over the
study period with AAPCs of 1.4% (95% CI 0.6–2.2%) and
2.6% (95% CI 2–3.1%), respectively. These increasing in-
cidence trends are mainly driven by papillary thyroid can-
cer with AAPCs of 3.4% in men (95% CI 2.3% to 4.4%)
and 4.3% in women (95% CI 3.7% to 5%). Mortality rates
significantly decreased in both sexes (men
AAPC –3.6%, 95% CI –4.7% to –2.4%; women
AAPC –3.7%, 95% CI –4.8% to –2.6%).

CONCLUSIONS: Our results show significantly increasing
age-standardised incidence rates of thyroid cancer over
time in both sexes, mainly due to papillary thyroid cancer,
the most frequent histological subtype, and the only sub-
type for which a significant increase was observed. It is
possible that many indolent thyroid cancers, and more
specifically papillary microcarcinomas, are increasingly di-
agnosed, which may not lead to symptoms if undetected.

Therefore, targeted diagnostic strategies are necessary to
avoid overdiagnosis of thyroid cancer. Nevertheless, we
cannot completely exclude a partly true increase.

Introduction

Thyroid cancer is the most common endocrine cancer
worldwide [1]. With nearly 570,000 cases being diagnosed
globally in 2018, thyroid cancer accounts for 3.1% of all
cancer cases (1.4% in men and 5.0% in women) [2]. The
incidence rate adjusted to the world standard population
for thyroid cancer in 2018 was 3.1 per 100,000 in men and
three times higher in women at10.2 per 100,000. In the
same year a total of 41,000 deaths (0.4% of all cancer
deaths) were attributed to thyroid cancer, with age-stan-
dardised mortality rates of 0.4 per 100,000 in men and 0.5
per 100,000 in women [2, 3].

In Europe in 2018, the age-standardised incidence rate was
3.4 per 100,000 in men and 11.4 per 100,000 in women,
which is above the world estimate [2]. The globally highest
thyroid cancer incidence rates for both sexes were detected
in French Polynesia, where women had incidence rates
over five times higher than the European estimate. The
lowest incidence rates were found in India, Pakistan and
Sub-Saharan Africa [4]. High-income countries have an
over two-fold higher incidence rate compared with low/
middle-income countries. These findings were seen for
both men and women [3]. Despite this large variability in
incidence rates, a generally increasing trend was observed
in most countries over time [5–7]. On the other hand, mor-
tality rates decreased over time [3, 8, 9].

This global trend appears to be mainly driven by papillary
thyroid cancer and could reflect the growing scrutiny of
the thyroid gland with ultrasonography and other diagnos-
tic techniques such as fine-needle aspiration biopsies [3,
5, 10] and has been interpreted as overdiagnosis in oth-
er studies. Overdiagnosis is the detection and histological
verification of a disease that would not have been diag-
nosed in a person’s lifetime if testing had not been per-
formed. Between 2008 and 2012, over 830,000 women and
220,000 men might have been overdiagnosed with thyroid
cancer in 26 countries analysed; in South Korea the es-
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timated proportion of thyroid cancer cases attributable to
overdiagnosis was 83% in men and 93% in women [10].

Mortality rates are globally decreasing in men with an av-
erage annual percentage change (AAPC) of around –2%
to –3% over the last decades, except in the United States
where a significant increase in mortality rates was ob-
served with an AAPC of 0.8% during the period 1993
to 2012 [3]. Mortality rates in women decreased globally
as well, with an AAPC around –2% to –5% except in the
United States, the United Kingdom and Australia, where
the mortality rates slightly rose after the late 1990s. For the
period 2008–2012, most countries reported mortality rates
between 0.2 and 0.4 per 100,000 in men and between 0.2
and 0.6 per 100,000 in women (3, 11–14].

In thirteen Swiss cantons that were covered by cancer reg-
istration during 2012–2014, a total of 2317 thyroid can-
cer cases were diagnosed; 671 new cases in men (4.9 per
100,000) and 1646 new cases in women (12.0 per 100,000)
[15]. Therefore, incidence rates in Switzerland are above
the 2012 European estimate for men and women [16].
Furthermore, these numbers show that thyroid cancer is
nearly three times more frequent in women than in men
across Switzerland. A total of 184 deaths due to thyroid
cancer were registered, 81 deaths in men and 103 deaths in
women, accounting for less than 0.6% of all cancer deaths
in both sexes in Switzerland [15].

As seen globally, the Swiss incidence rates also have in-
creased since 1983 with a slight increase in men and a two-
fold increase in women [17]. The increase is limited to
people under the age of 70 years and was mainly driven by
papillary thyroid cancer and early-stage tumours, while the
mortality rates declined [15].

The aim of the study was to report 37-year trends in inci-
dence of papillary vs non-papillary thyroid cancer and in
mortality due to thyroid cancer in general in the canton of
Zurich and compare them with other European rates.

Materials and methods

Study design

A retrospective analysis was performed using data from
the population-based Cancer Registry of the Cantons of
Zurich, Zug, Schaffhausen and Schwyz.

Data sources and case definition

Since 1980, the cancer registry has collected data of every
patient diagnosed with cancer whose registered residence
was in the canton of Zurich at the time of diagnosis. The
canton of Zug joined the registry in 2011, and the cantons
of Schaffhausen and Schwyz joined in 2020.

The cancer registry receives notifications from pathology
and haematology laboratories, hospitals, and physicians,
as well as death certificates from the Swiss Federal Sta-
tistical Office. Data include personal information and tu-
mour characteristics, which are entered into the database
by registry personnel. Tumours are coded by physicians
and other appropriately trained personnel. Data complete-
ness is annually monitored by calculating the percentage
of cancers diagnosed by death certificate only (DCO) and
the percentage of cancer that are morphologically verified
[18].

The basis of the current analysis was the cases of thyroid
cancer (C73 according to the International Classification of
Diseases, ICD-10) diagnosed in the canton of Zurich from
1980–2016 (n = 3015). From these cases, we excluded pa-
tients aged below 20 years at diagnosis (n = 39) and pa-
tients with multiple primaries, for whom we included on-
ly the initial tumour (n = 4). Finally, 2972 cases of thyroid
cancer were included.

We categorised thyroid tumors as follows: papillary thy-
roid cancer (International Classification of Diseases for
Oncology, ICD-O-3 histological codes 8260, 8340–8344,
8350), follicular thyroid cancer (8290, 8310, 8330–8333,
8335, 8337), anaplastic thyroid cancer (8020, 8021),
medullary thyroid cancer (8345, 8510, 8511) and others in-
cluding unspecified or poorly specified, mixed subtypes,
metastasis and unknown [19, 20]. These subtypes were fur-
ther categorised into three groups: papillary, non-papillary
(including follicular, anaplastic, and medullary), and oth-
ers/unknown.

Statistical analysis

Incidence and mortality rates were estimated per 100,000
person-years and were age-standardised to the European
standard population using the direct method [21]. For the
age standardisation, we used data of the population of
Zurich from 1981 to 2016 [22]. Because population data
were not available for 1980, we assumed the same popu-
lation distribution as for 1981. The annual thyroid cancer
incidence and mortality rates were estimated overall and
by sex, histological subtype and age group [23]. For inci-
dence rates, to allow for comparability with other papers,
we formed six age groups in 10-year steps. For mortality
rates, because of the limited number of cases, we decided
to create two age groups, 20–64 and 65+ years old. To
identify changes in trends over time, we used the average
annual percent change (AAPC) and 95% confidence inter-
vals [CIs] of the age-standardised rates using Joinpoint re-
gression (version 4.8.0) [24]. In the Joinpoint regression
analyses, we used the Grid search method with a minimum
of two observations from a changing point in trends to ei-
ther end of the data and a minimum of two observations
between two joinpoints. We applied the standard errors
to model for heteroscedasticity. The program calculated
the best-fitting log-linear regression model of our data to
indicate the year where a statistically significant change
in AAPCs happened using t-tests. Therefore, the smallest
possible number of joinpoints was used and statistical sig-
nificance was set at an α level of 0.05. All tests were two-
sided.

Ethics

Cancer cases in the Canton of Zurich are registered with
presumed consent and registration based on a decision by
the Zurich Government Council from 1980 and the gener-
al registry approval by the Federal Commission of Experts
for professional secrecy in medical research from 1995. All
data were used anonymously in this analysis, and no ap-
proval from the Ethics Committee of the Canton of Zurich
was necessary.
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Results

A total of 2972 cases of thyroid cancer were assessed,
823 in men (27.7%) and 2149 in women (72.3%). Overall,
women were younger than men when they received the di-
agnosis of thyroid cancer (53.5 years in women vs 56 years
in men). The most frequent subtype of thyroid cancer was
papillary (65.8%), followed by follicular (23.4%), anaplas-
tic (5.2%), medullary (3.1%) and others (2.5%; including
unspecified or mixed subtypes, and metastases). Sum-
marising these subtypes into three groups resulted in pap-
illary (65.8%), non-papillary (31.7%) and others (2.5%).
Despite the sex differences in incidence rates, thyroid can-
cer histological distribution was similar in men and women
(table 1).

Statistically significantly increasing trends in age-stan-
dardised incidence rates of thyroid cancer were observed
during the whole study period, for men from 2.6 to 4.3
per 100,000 (AAPC 1.4%, 95 % CI 0.6% to 2.2%) and for

women from 4.8 to 11.9 per 100,000 (AAPC 2.6%, 95%
CI 2% to 3.1%). The increase is mainly driven by papillary
thyroid cancer (fig. 1).

The rise in papillary thyroid cancer was significant for
both sexes, but was higher for women (from 2.3 to 10.7
per 100,000, AAPC 4.3%) than for men (from 1.1 to 3.6
per 100,000, AAPC 3.4%) (fig. 1, table 2, supplementary
table S1). For the non-papillary subtype, a statistically sig-
nificant decrease was seen for both men (from 1.4 to 0.9
per 100,000, AAPC –1.1%) and women (from 2.6 to 1.8
per 100,000, AAPC –1.1%) (fig. 2, table 2, supplementary
table S1).

Mean age at papillary thyroid cancer diagnosis was 49.9
(± 15.6) years overall, with 51.3 (± 15.9) years for men
and 49.4 (± 15.5) years for women. We detected a signifi-
cant increase in incidence in all age groups up to 74 years
with the highest increase in the 45–54 years old individuals
(AAPC 5%), followed by the 35–44 years old individuals

Table 1:
Baseline characteristics of the study population.

Men (n = 823) Women (n = 2149) Total (n = 2972)

Age at incidence in years, mean ± SD 56 ± 17.2 53.5 ± 17.6 54.3 ± 17.5

Papillary, n (%) 501 (60.9) 1455 (67.7) 1956 (65.8)

– Age at incidence in years, mean ± SD 51.3 ± 15.9 49.4 ± 15.5 49.9 ± 15.6

Non-papillary, n (%) 295 (35.8) 646 (30.1) 941 (31.7)

– Age at incidence in years, mean ± SD 62.1 ± 16.4 61.6 ± 18.7 61.7 ± 18.0

– Follicular 202 (24.5) 492 (22.9) 694 (23.4)

– Anapalstic 58 (7.0) 96 (4.5) 154 (5.2)

– Medullary 35 (4.3) 58 (2.7) 93 (3.1)

Other/unknown, n (%) 27 (3.3) 48 (2.2) 75 (2.5)

– Age at incidence in years, mean ± SD 76.2 ± 11.6 70.9 ± 15.5 72.8 ± 14.4

SD: standard deviation

Figure 1: Trends in papillary thyroid cancer incidence overall and by sex. Canton of Zurich 1980–2016. APC (annual percentage change).
Age-standardised rates (European population).
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(AAPC 4.3%). This was similar in men and women (table
2).

Mean age at diagnosis for the non-papillary subtype was
61.7 (± 18.0) years overall and similar in men (62.1 ± 16.4
years) and women (61.6 ± 18.7 years). We detected sig-
nificant decreases in the incidence of non-papillary thy-
roid cancer in the age group 75+ years (AAPC –3.6%)
and the age group 65–74 years (AAPC –2.5%). However,
an increase limited to the age group 35–44 years (AAPC
1.7%) was observed. In men, significant decreases were
restricted to the age groups above 65 years. The largest
significant decline was seen for the age group 75+ years,
during 1980–1992 (AAPC –11.7%) and during 1999–2016
(AAPC –6.4%). Together with the 65–74-year-old group
(AAPC –1.9%), these age groups with a decreasing trend
include 49.1% of all male cases. In women, we observed
a significant decrease in women older than 45 years. The
largest decrease was seen again for the age group 75+
years (AAPC –3.5%) followed by the 65-74 years old
(AAPC –2.8%), 45-54 years old (AAPC –1.8%), and
55–64 years old (AAPC –1.5%). These age groups with a
decreasing trend sum up to 75.6% of all female cases. In
contrast to the decreasing incidence rates in older women,
a significant increase was observed for the age group
35–44 years (AAPC 2.1%) (tables 2 and S1).

During the study period, a total of 474 thyroid cancer
deaths were registered in the canton of Zurich, 313 in
women (65.8%) and 161 in men. Overall, men were
younger than women when they died of thyroid cancer
(73.6 ± 10.7 years in men vs 78.3 years ± 10.8 in women).
The mortality data do not provide any information about

subtypes; thus, we analysed the age-standardised mortality
rates of thyroid cancer overall.

We observed a significant decrease in the age-standardised
mortality rates during the whole study period for men
(from 1.3 to 0.4 per 100,000, AAPC –3.6%) and for
women (from 1.5 to 0.4 per 100,000, AAPC 3.7%) (table
3, and supplementary table S2).

A significant decrease in mortality rates was observed in
both age groups, slightly larger in the 65+ years old
(AAPC 3.8%) than in the 2064 years old individuals
(AAPC 3.3) (fig. 3). In men, a similar significant decrease
was observed for the age group 65+ years old
(AAPC 3.5%) as well as for the 2064-year-old group
(AAPC 3.4%). In women, a significant decrease in mortal-
ity was observed only in the older age group (AAPC 3.7%)
(table 3).

Discussion

In our study including data from a 37-year period, the in-
cidence of thyroid cancer sharply increased in the canton
of Zurich for men and women. This increase is consistent
with the estimates observed in other countries [25-31].
papillary thyroid cancer, the most common subtype, main-
ly drives the overall increasing trends in thyroid cancer
incidence. The increase in papillary thyroid cancer was
significant for both men and women. In contrast, for non-
papillary thyroid cancer, a statistically significant decrease
was observed for men and women. Similarly, mortality
rates significantly decreased for both sexes over the study
period.

Figure 2: Trends in non-papillary thyroid cancer incidence by sex. Canton of Zurich 1980–2016. APC (annual percentage change). Age-stan-
dardised rates (European population)
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Table 2:
Trends in papillary thyroid cancer and non-papillary thyroid cancer incidence by sex and age groups in the canton of Zurich 1980–2016.

Papillary thyroid cancer Non-papillary thyroid cancer

Age group at di-
agnosis

Number of cas-
es (%)

Average annual percent-
age change

95% confidence
Interval

Age group at di-
agnosis

Number of cas-
es (%)

Average annual percent-
age change

95% confidence
Interval

Total 1956 Total 941

20–34 378 (19.3) +3.8* (+2.8, +4.8) 20–34 91 (9.7) –0.5 (–2.0, +1.0)

35–44 447 (22.9) +4.3* (+3.4, +5.2) 35–44 124 (13.2) +1.7* (+0.0, +3.5)

45–54 435 (22.2) +5.0* (+3.7, +6.2) 45–54 105 (11.2) –0.8 (–2.0, +0.4)

55–64 326 (16.7) +3.6* (+2.6, +4.6) 55–64 151 (16.0) –0.7 (–2.0, +0.5)

65–74 231 (11.8) +2.2* (+1.2, +3.3) 65–74 196 (20.8) –2.5* (–4.0, –0.9)

75+ 139 (7.1) –0.2 (–1.5, +1.1) 75+ 274 (29.1) –3.6* (–4.6, –2.6)

All ages 1956 (100) +4.0* (+3.4, +4.6) All ages 941 (100) –1.2* (–2.0, –0.3)

Men 501 Men 295

20–34 91 (18.2) +1.1 (–3.4, +5.8) 20–34 21 (7.1) –2.3 (–4.9, +0.3)

35–44 92 (18.4) +3.2* (+1.4, +5) 35–44 36 (12.2) –0.2 (–2.3, +2.0)

45–54 113 (22.6) +4.0* (+2.7, +5.4) 45–54 32 (10.8) +0.5 (–1.8, +2.8)

55–64 93 (18.6) +1.0 (–0.7, +2.7) 55–64 61 (20.7) –0.7 (–2.8, +1.4)

65–74 75 (15.0) +2.1* (+0.7, +3.5) 65–74 72 (24.4) –1.9* (–3.5, –0.4)

75+ 37 (7.4) +0.7 (–1.0, +2.5) 75+ 73 (24.7) –4.5b (–9.4, +0.7)

All ages 501 (100) +3.4* (+2.3, +4.4) All ages 295 (100) –1.1* (–2.2, –0.0)

Women 1455 Women 646

20–34 287 (19.7) +3.7* (+2.7, +4.8) 20–34 70 (10.8) +0.5 (–1.1, +2.2)

35–44 355 (24.4) +4.4* (+3.5, +5.3) 35–44 88 (13.6) +2.1* (+0.4, +3.8)

45–54 322 (22.1) +4.9* (+3.4, +6.3) 45–54 73 (11.3) –1.8* (–3.0, –0.6)

55–64 233 (16.0) +4.2* (+3.0, +5.4) 55–64 90 (13.9) –1.5* (–2.7, –0.4)

65–74 156 (10.7) +2.1* (+0.7, +3.5) 65–74 124 (19.2) –2.8* (–4.6, –1.0)

75+ 102 (7.0) –0.4 (–1.7, +0.9) 75+ 201 (31.1) –3.5* (–4.8, –2.1)

All ages 1455 (100) +4.3* (+3.7, +5) All ages 646 (100) –1.1* (–1.9, –0.2)

* p <0.05
a 2 Joinpoints: 1980–2006: APC +0.6, 95% CI –1.8 to 3; 2006–2013: APC +17.5*, 95% CI 2.2 to 35.2]; 2013–2016: APC -25.6, 95% CI –51.3 to –1.4
b 2 Joinpoints: 1980–1992: APC –11.7*, 95% CI –17.6 to –5.4; 1992–1999: APC +14.7, 95% CI –9.7 to 45.6; 1999–2016: APC –6.4*, 95% CI –10.1 to –2.6]

Figure 3: Trends in thyroid cancer mortality by age groups. Canton of Zurich 19802016. APC (annual percentage change). Age-standardised
rates (European population).
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Our observations in the canton of Zurich are in line with
those reported in other studies, showing a global and Eu-
ropean trend of increasing incidence rates of papillary thy-
roid cancer while mortality rates remained stable or even
decreased [2, 3, 8, 9]. This trend is common in high-in-
come countries [3, 6, 32–38]. The extent of the observed
increase in incidence over the last 37 years is similar to the
increase in the United States, where the incidence tripled
during 1974-2013 [6, 30]. However, the increase in inci-
dence was smaller than in other countries where thyroid
cancer screening with ultrasonography is used as a health
checkup [6, 30, 39]. The incidence rates of the canton
of Zurich for 2012 were above the European estimates
of 2012 for men (3.1 per 100,000) and women (9.3 per
100,000) [16]. Compared with Switzerland in general, the
incidence rates in the canton of Zurich for 2012 were
below the Swiss overall estimate of 2012 for men (4.9
per 100,000) and for women (12.0 per 100,000) [15]. As
in Europe and Switzerland overall, in the canton of Zurich
the increasing incidence rates were mainly driven by the
increase in papillary thyroid cancer, as in both sexes papil-
lary is the major histological subtype that greatlyincreased
whereas for the non-papillary subtypes a significant de-
crease was detected [3, 5, 15]. We detected a significant
increase in incidence in all age groups up to 74 years.
The highest rise in incidence rates was observed for the
45-54-year-old group (AAPC 5.0%) and 35-44-year-olds
(AAPC 4.3%). The age group 35-54 years showed not on-
ly the highest increase but also the highest overall inci-
dence rates; this group includes 45.1% of all cases. These
findings are in line with previous Swiss incidence rates,
which state an increase limited to people below 70 years
of age [4]. Similarly, most affluent countries reported that
increases in incidence peaked among individuals 45–54
years of age [10].

There are several factors that have been discussed as po-
tential drivers of the increase in incidence rates of thyroid
cancer, but only a few are well documented. High-dose
ionising radiation exposure, especially during childhood, is
a known risk factor for papillary thyroid cancer [40]. Over-
all radiation exposure in Switzerland has decreased due to
wide-spread surveillance and protection measures [41]. It
has to be taken into account that, after exposure, the min-
imum latency period until cancer development appears to

Table 3:
Trends in thyroid cancer mortality by sex and age groups in the canton
of Zurich 19802016.

Thyroid cancer
death, age
group at death

Number of
cases (%)

Average annu-
al percentage
change

95% confi-
dence Interval

Total 474

20–64 67 (14.1) –3.3* (–5.2, –1.4)

65+ 407 (85.9) –3.8* (–4.8, –2.9)

All ages 474 (100) –3.9* (–4.6, –3.1)

Men 161

20–64 34 (21.1) –3.4* (–5.6, –1.0)

65+ 127 (78.9) –3.5* (–4.9, –2.2)

All ages 161 (100) –3.6* (–4.7, –2.4)

Women 313

20–64 33 (10.5) –2.1 (–4.2, –0)

65+ 280 (89.5) –3.7* (–4.9, –2.5)

All ages 313 (100) –3.7* (–4.8, -–2.6)

* p <0.05

be 5 to 10 years, which depends on the age at exposure and
the type of cancer [40]. Furthermore, doses due to releases
or direct radiation from nuclear power plants are irrelevant
in Switzerland [42]. Additionally, the canton of Zurich has
relatively low ground radiation compared with other re-
gions [42]. Concerns about the Chernobyl nuclear power
plant accident in 1986 may influence our results. The Fed-
eral Office of Public Health has estimated that the increase
in cancers as a consequence of the Chernobyl nuclear pow-
er plant accident is less than 0.05%, due to extremely low
additional long-term contamination in Switzerland [43].
Accordingly, radioactive exposure does not seem to ex-
plain the sharp increase in papillary thyroid cancer dur-
ing past decades. Another reported risk factor is inadequate
intake of iodine [44], which can also be neglected given
that table salt has been iodised since 1922 in Switzerland
and the median urinary iodine concentrations among the
Swiss adult population is classified as at least marginal (
not insufficient) according to the WHO [45]. Obesity is a
known risk factor as well [46, 47], which increased dur-
ing the study period but to a far lesser extent than the in-
cidence rates of papillary thyroid cancer [48]. Other men-
tioned risk factors such as female sex, nutrition and genetic
factors might be important, but evidence is inconsistent or
weak [38, 49-52].

We cannot exclude a partly true increase in the incidence of
papillary thyroid cancer. However, the most likely reason
for the increasing incidence rates of papillary thyroid can-
cer in Switzerland over past decades is the increased use of
ultrasonography and fine-needle aspiration biopsies, which
are performed much more systematically during the exami-
nation of thyroid problems [3, 6, 7, 10, 11, 17, 53]. In total,
three different scenarios could explain the growing num-
bers of thyroid cancers diagnosed: opportunistic screening
in asymptomatic patients, a diagnostic cascade to check
unclear symptoms, and incidental findings not intended to
examine the thyroid gland [39]. Even though they are not
recommended, ultrasonography and fine-needle aspiration
biopsies are commonly used for screening in Switzerland
and in the canton of Zurich [54]. This leads to an increase
in the incidental detection rate of subclinical very low-risk
thyroid cancers, such as papillary microcarcinoma, which
previously remained undetected [3, 6, 7, 11, 17, 53]. This
may result in overdiagnosis and overtreatment [55] of in-
dolent, very low-risk thyroid cancers which, if untreated,
are very unlikely to cause morbidity or mortality. Over-
diagnosis could expose some people to unneeded surgery
and lifelong treatment, although treatment-related morbid-
ity is not in any reasonable relation to the survival bene-
fit [6, 9, 11, 39, 56-61]. Besides these physical and psy-
chological consequences, overdiagnosis has large financial
costs for the healthcare systems [10].

Overdiagnosis seems to be more common in women than
in men in 26 countries analysed in a previous study, in-
cluding Switzerland, potentially explaining the differences
in incidence rates between sexes [10]. Other possible rea-
sons for the sex-specific differences, such as reproductive
factors and hormones, are discussed by different authors
[50], but are poorly documented [38, 4952]. In Switzerland
and many other countries, overdiagnosis and overtreatment
are considered a major problem since rising incidence rates
without a concomitant increase in mortality rates are sug-
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gestive of indirect evidence for overdiagnosis [9, 55, 62].
As mentioned previously, this is a major issue in South Ko-
rea, where the estimated proportion of thyroid cancer cas-
es attributable to overdiagnosis is 93% in women and 83%
in men. In 1999, South Korea started a government-fund-
ed national cancer screening programme to detect thyroid
cancer in people without any symptoms [10]. In the United
States, it was shown that the higher the level of health care
access the greater the papillary thyroid cancer incidence
rates, which also strongly suggests overdiagnosis [63].

We observed a significant decrease in mortality rates in
the canton of Zurich over the whole study period, both for
men and women. These results are consistent with previ-
ously published Swiss trends [4]. The mortality rates of
the canton of Zurich for 2012 were below the 2012 Euro-
pean estimates for men (0.5 per 100,000) and women (0.7
per 100,000) [16]. Compared with Switzerland in general,
the incidence rates in the canton of Zurich for 2012 were
slightly below the Swiss overall estimate of 2012 for men
(0.5 per 100,000) and for women (0.4 per 100,000) [15],
which might be due to different health seeking behaviours
in the different regions, for example with respect to screen-
ing [64]. The decreasing mortality rates can be mainly at-
tributed to improved treatment and earlier diagnosis thanks
to more commonly used and more sensitive ultrasonog-
raphy and fine-needle aspiration biopsies [3, 65]. There-
fore, diagnostics not only explain increasing incidences,
but might also contribute to the decreasing mortality be-
cause of an earlier detection and initiation of treatment.
An increasing incidence rate together with decreasing mor-
tality serves as indirect evidence of thyroid cancer being
overdiagnosed. It appears that many indolent thyroid can-
cers are increasingly diagnosed, especially papillary mi-
crocarcinomas, which, if undetected, would probably not
have led to symptoms. It is debatable if the small decrease
in mortality justifies the high increase in incidence, which
leads to psychological consequences, overtreatment and
life-long substitution therapy. Therefore, targeted diagnos-
tic strategies are necessary to avoid overdiagnosis of thy-
roid cancer.

Our study had several strengths. We analysed population-
based, high-quality data from the cancer registry of the
canton of Zurich, including all thyroid cancer cases by sub-
type during a 37-year period from all individuals living in
the canton of Zurich. We assume the chance of cases not
being registered to be very low, as our registry has been
shown to have good completeness [18, 66]. Nevertheless,
our study had some limitations. Individual exposures to
potential risk factors were not registered and we can only
guess about the impact they might have. Although the can-
ton of Zurich is the largest Swiss canton, we were not able
to conduct meaningful analyses by non-papillary thyroid
cancer subtypes or by size of the tumour. In addition, un-
til recently, the cancer registry of the canton of Zurich did
not routinely collect date and cause of death information
or information on relapse. Finally, our study is a time-trend
study, which provides only indirect evidence of overdiag-
nosis. The only direct way to reveal that thyroid cancer is
overdiagnosed would be to follow untreated patients until
they die of other causes [37, 62, 67, 68].

In conclusion, our results show significantly increasing in-
cidence rates of thyroid cancer in the canton of Zurich in

both sexes, with an almost two-fold increase in men and
a nearly three-fold increase in women between 1980 and
2016. These increasing incidence trends are mainly dri-
ven by papillary thyroid cancer, the most frequent histo-
logical subtype, and the only subtype with a significant
increase in both women and men. Simultaneously, the mor-
tality rates significantly decreased in both sexes. These re-
sults are in accordance with existing Swiss, European and
global trends in incidence and mortality of thyroid cancer,
including subtypes and sex differences. To prevent the con-
stant increase in thyroid cancer, it is highly recommended
to understand the causes of these trends and to focus on
mechanisms that are responsible for overdiagnosis.
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Appendix: supplementary tables

Table S1:
Thyroid cancer incidence rates by sex and histological subtypes in the canton of Zurich 1980–2016. Age-standardised rate (European Population) per 100,000 persons.

Year Men Women

Papillary Non-papillary All cases Papillary Non-papillary All cases

1980 1.37 1.14 3.20 2.17 2.43 4.78

1981 1.55 2.14 4.4 4.29 2.60 7.70

1982 1.26 1.14 2.80 2.50 2.74 5.44

1983 0.92 0.71 2.05 2.05 1.27 3.95

1984 1.61 1.06 2.65 2.76 1.97 5.09

1985 1.23 1.15 2.50 2.55 2.05 4.72

1986 0.72 1.22 2.45 3.19 1.96 5.39

1987 1.07 0.99 2.49 2.70 2.00 4.94

1988 1.38 1.12 2.48 3.34 2.54 5.93

1989 1.23 1.68 3.42 3.76 3.17 7.37

1990 1.71 0.75 2.88 2.99 1.5 5.00

1991 2.21 1.69 4.07 3.23 2.36 5.88

1992 1.42 1.92 3.44 2.84 2.46 5.34

1993 0.69 1.04 1.88 2.28 2.26 4.68

1994 2.54 1.31 4.00 5.05 3.73 8.82

1995 2.18 0.61 2.76 4.05 1.39 5.48

1996 2.42 1.15 3.56 4.73 3.25 8.14

1997 0.96 0.64 1.89 5.06 2.22 7.54

1998 2.10 1.32 3.74 4.13 1.39 5.98

1999 0.60 1.45 2.17 5.66 2.59 8.44

2000 1.98 1.36 3.46 5.34 2.66 8.28

2001 1.08 1.26 2.33 4.48 2.20 6.97

2002 1.20 1.36 2.69 6.30 2.05 8.34

2003 2.00 0.45 2.59 5.27 1.64 7.03

2004 0.71 0.87 1.84 5.09 1.80 7.16

2005 2.37 0.78 3.25 5.46 1.35 7.21

2006 3.22 0.69 3.89 7.70 1.64 9.51

2007 2.50 1.33 4.06 6.86 1.96 8.81

2008 1.43 0.62 2.31 10.7 2.58 13.42

2009 2.65 0.77 3.54 7.67 1.72 9.60

2010 3.30 1.15 4.63 7.04 2.37 9.72

2011 2.88 1.20 4.21 10.76 1.80 12.82

2012 3.91 0.73 4.72 10.03 1.82 11.89

2013 4.11 0.77 4.87 9.27 0.88 10.14

2014 3.16 0.38 3.68 9.73 0.85 10.81

2015 3.79 1.67 5.78 8.46 2.06 10.66

2016 3.29 0.70 4.31 10.34 1.60 12.02
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Table S2:
Thyroid cancer mortality rates by sex in the canton of Zurich 1980–2016. Age-standardised rate (European population) per 100,000 persons.

Year Men Women

1980 1.81 1.56

1981 1.24 1.30

1982 1.42 1.05

1983 1.23 1.32

1984 0.30 0.90

1985 1.29 0.71

1986 0.87 1.63

1987 0.91 1.28

1988 0.69 1.61

1989 1.21 0.76

1990 0.77 2.26

1991 0.82 0.68

1992 0.89 0.73

1993 0.73 0.71

1994 0.35 0.69

1995 0.68 0.61

1996 1.06 0.78

1997 0.67 0.61

1998 1.20 0.87

1999 0.14 0.72

2000 0.43 0.60

2001 0.26 0.45

2002 0.26 0.97

2003 0.34 0.65

2004 0.30 0.76

2005 0.53 0.54

2006 0.15 0.53

2007 0.54 0.28

2008 0.48 0.50

2009 0.15 0.54

2010 0.60 0.33

2011 0.23 0.67

2012 0.25 0.38

2013 0.72 0.39

2014 0.37 0.63

2015 0.40 0.15

2016 0.56 0.42
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