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Background: In Italy, some of the highest incidence rates (IRs) of thyroid cancer (TC) worldwide have been reported.

Patients and methods: TC cases <85 years of age reported to Italian cancer registries during 1991–2005 were

included. Age-standardized IRswere computed for all TCand age–period–cohort effectswere estimated for papillary TC.

Results: IRs of TC were twofold higher in 2001–2005 than in 1991–1995 (18 and 8 per 100 000 women, 6 and 3 per

100 000 men, respectively). Increases were similar in the two sexes and nearly exclusively due to papillary TC.

Increases of papillary TC by birth cohort were found in both sexes and among all age groups between 20 and 79

years. Age–period–cohort models showed a strong period effect in both sexes (rate ratio for 2001–2009 versus 1991–

1995 = 2.5 in women and 2.3 in men), although IRs peaked at an earlier age in women (45–49 years) than men (65–69

years).

Conclusion: The strength of the period effect in both sexes and the earlier onset in women than men strongly

implicated increased medical surveillance in the upward trends of papillary TC incidence in Italy. The consequences of

the current intense search for TC on morbidity and possible overtreatment, especially among young women, should

be carefully evaluated.
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introduction

Thyroid cancer (TC) incidence varies greatly worldwide [1]
with a 10-fold difference in age-adjusted incidence rates (IRs)
among women and a threefold difference in men [2, 3]. Some
of the highest TC incidence worldwide has been reported in
Italy [3], where below age 45 years, TC was the second most
common cancer among women (after breast cancer) and the
fifth most common among men [4].
Substantial increases in TC incidence have been reported in

several high-resource countries over the last 30 years [5–13],
whereas in some other countries increases were small [14, 15]
or restricted to microcarcinomas [16]. Contrary to incidence,
mortality rates for TC have declined in Europe [17] and the
United States [5].

Different explanations have been proposed for the upward
trends in TC incidence, including increases in medical
surveillance [14, 18–21], exposure to radiation during medical
procedures [22], and obesity [23, 24]. The etiology of TC,
however, is not completely understood [25] except for the
strong association with ionizing radiation, particularly in
childhood and among young women [26].
The aim of the present study was to examine recent trends in

TC incidence in Italy. For papillary TC, by far the most
common histological type, standard descriptive techniques
(age-standardized IRs) were supplemented with age–period–
cohort analyses.

materials and methods

TC cases (International Classification of Diseases ICD-10 code C73)

diagnosed between 1991 and 2005 in Italian areas covered by cancer

registries were extracted from the anonymous cancer registry database of
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the Italian network of cancer registries (www.registri-tumori.it). This

database includes all cancers cases reported since 1978 [4].

As of June 2009, 15 cancer registries (11.7 million people, 20% of the

total Italian population) had been active for >10 years and, therefore, were

included in the present study. Ten of these registries (Biella, Ferrara, Friuli

Venezia Giulia, Genoa, Modena, Parma, Romagna, Turin, Varese, and

Veneto) are in northern Italy, 3 (Florence and Prato, Latina, and Umbria)

in central Italy, and 2 (Ragusa and Sassari) in southern Italy [3, 4]. They

varied in size (190 000 to 2.1 million) and number of years of activity (11–

28 years). Routine indicators of data completeness and quality in Italian

cancer registries were satisfactory [3, 4].

All cases of TC that (i) occurred in patients aged 85 years or older (n =
289) or (ii) were first discovered at autopsy (n = 69) were excluded. IRs, age

standardized on the basis of the 1991 (first year of observation) Italian

population and by the direct method [27], were computed using SEER*Stat

6.5.1 [28]. Age-standardized rates based on the world standard or 2001

Italian population were also calculated. Since no appreciable change in

trends emerged, only the estimates based on the 1991 Italian population

were shown. IRs were reported by sex, histology [papillary, follicular,

medullary, anaplastic, and other/not otherwise specified (NOS)] [29], and

period of diagnosis (1991–1995, 1996–2000, and 2001–2005). Ninety-five

percent confidence intervals (CIs) of IRs were computed according to the

Poisson distribution [27]. Temporal trends were expressed as the percent

change (%CH) from 1991–1995 to 2001–2005 and the joinpoint regression

analysis was used to identify time points (in calendar years) where changes

had possibly occurred [30].

Age–period–cohort analyses were restricted to papillary TC cases aged

15–84 years. Twenty-six papillary TC cases below age 15 years were

excluded. Ten-year approximate birth cohorts were estimated by

subtracting the midpoint of the 5-year age group (from 15–19 to 80–84

years) from the corresponding 5-year period.

The age effect reflects the accumulation of carcinogenic events and

exposures [31]. A period effect can be caused by changes in screening

practices, diagnostic techniques, or disease classification. Period effect is

‘cross-sectional’ as it involves all age groups and birth cohorts within

a given period. Conversely, cohort effects are longitudinal because they

reflect possible differences in the spread of risk factors across different birth

cohorts [32].

Weighted drifts, which represent the sum of the overall slopes for period

and cohort effects [32], were estimated. Two levels and a slope were fixed

between age, period, and cohort [33] to deal with the nonidentifiability

problem in age–period–cohort analyses and to improve estimate

interpretation. The 1991–1995 period was set as a reference to allow

interpreting the period effect as a rate ratio (RR). The inclusion of a slope

(drift) for the period effect made the age effects interpretable as age-specific

rates in the 1991–1995 period after adjustment for cohort effects. The

cohort effect function was set to 1 on average with 0 slope and is

interpretable as the cohort-related RR, after adjustment for age and period

[33].

Age, period, and cohort estimates were modeled by natural cubic spline

functions and the pointwise CIs were also computed [34]. The optimal

number of knots was selected by adding an increasing number of knots at

subsequent quantiles for age, period, and cohort, respectively, and the best-

fitting model was defined as the one that minimized the Akaike information

criterion. Age-specific female-to-male (F/M) ratios were derived from sex-

specific age effects after allowance for cohort and period effects.

results

A total of 10 734 female and 3371 male TC cases below the age
of 85 years were reported by Italian cancer registries between

1991 and 2005 (Table 1). IRs were approximately twofold
higher in 2001–2005 than in 1991–1995 among both women
(17.6 and 8.2 per 100 000) and men (5.7 and 3.1 per 100 000).
Joinpoint analyses showed no departure from linear trend,
implying a steady increase in the periods considered. Papillary
TC was by far the most frequent histological type (73% of all
TC in women and 66% in men) and the only type that
showed large increases between 1991–1995 and 2001–2005
(%CH = +145%; 95% CI +130% to +160% in women; +127%;
95% CI +101% to +153% in men). IRs for medullary TC
slightly increased, while IRs of follicular and anaplastic TC did
not change (Table 1). IRs for the combination of other/NOS
TC increased from 1991–1995 to 2001–2005 by 116% in
women and 51% in men. The proportion of TC classified as
other/NOS did not change within the three respective periods
of diagnosis. The F/M ratio in the entire study period was 3.0
(95% CI 2.8–3.1) with higher ratios for papillary and follicular
TC (3.3 and 2.6, respectively) than for medullary (1.5) and
anaplastic (1.7) TC (Table 1).
Figure 1 shows age- and cohort-specific IRs of papillary TC.

Age-specific IRs in women showed an inverse U-shape within
all the three periods of diagnosis, with a shift of the peak from
age 45–49 years to age 55–59 years (Figure 1A). Papillary TC
increased less rapidly with age in men than in women and
showed a plateau after age 55–59 years (Figure 1B). In both
sexes, IRs of papillary TC consistently increased by birth cohort
in all age groups with the possible exception of the extreme age
groups (i.e. 15–19 and 80–84 years) (Figure 1C and D).
The relative contribution of age, cohort, and period effects

are shown in Figure 2. Cohort effects were constrained to be 1
on average with 0 slope on account of the lack of a clear
difference between cohorts in our present data (IRs in Figure
1C and D). The age effects (P < 0.002) were statistically
significant after simultaneously adjusting for cohort and period
effects (Figure 2A and B). They showed an inverse U-shape in
both sexes. However, IRs increased at an earlier age in women
(peak at age 45 years, Figure 2A) than in men (peak at age
65 years, Figure 2B). Cohort effects were weak in both sexes
with only slightly increased RRs in the 1911–1915, 1946–1950,
and 1951–1956 birth cohorts (Figure 2C and D). In contrast,
period effects were strong. In comparison to 1991–1995, the
RRs in 2001–2005 were 2.5 (95% CI 2.3–2.7) in women and 2.3
(95% CI 2.0–2.6) in men (Figure 2C and D). The estimated
annual change (net drift) based on the period effect since
1991 and cohort effects since 1911 was +9.5% (95% CI +8.8%
to +10.1%) in women and +9.0% (95% CI +7.8% to +10.2%)
in men. Exclusion of patients diagnosed in the extreme age
groups (15–19 and 80–84 years, with <50 cases for men) did
not affect the drift estimates or the shape of curves in the
remaining age groups.
Estimates of F/M ratio by age group based on age–period–

cohort models are shown in Figure 3. The F/M ratio was
highest (>3.5) between 35 and 54 years of age, rapidly
decreasing afterward to <2 by age 75.

discussion

Incidence of TC has almost doubled in Italy between 1991–
1995 and 2001–2005. Although TC was about threefold more
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Table 1. Observed cases (n), IRsa, %CHb, and corresponding 95% CIs and F/M ratio for thyroid cancer by sex and histological type in Italyc, 1991–2005

Histological

type

Women Men F/M ratio

(95% CI)

1991–2005

Period of diagnosis %CHb

(95% CI)

Period of diagnosis %CHb

(95% CI)1991–1995 1996–2000 2001–2005 1991–1995 1996–2000 2001–2005
n (IR) n (IR) n (IR) n (IR) n (IR) n (IR)

Overall 2198 (8.2) 3943 (12.2) 4593 (17.6) +115%
(+102% to +127%)

734 (3.1) 1215 (4.0) 1422 (5.7) +84%
(+67% to +101%)

3.0 (2.8–3.1)

Papillary 1477 (5.7) 2828 (8.9) 3568 (13.9) +145%
(+130% to +160%)

443 (1.8) 767 (2.5) 1025 (4.2) +127%
(+101% to +153%)

3.3 (3.2–3.5)

Follicular 361 (1.3) 461 (1.4) 415 (1.5) +15%
(22% to +32%)

123 (0.5) 164 (0.5) 146 (0.6) +12%
(217% to +41%)

2.6 (2.3–2.9)

Medullary 86 (0.3) 126 (0.4) 153 (0.6) +81%
(+34% to +127%)

51 (0.2) 89 (0.3) 79 (0.3) +48%
(28% to +103%)

1.5 (1.3–1.8)

Anaplastic 69 (0.2) 86 (0.2) 65 (0.2) 214%

(243% to +16%)

31 (0.1) 37 (0.1) 31 (0.1) 28%

(249% to +33%)

1.7 (1.3–2.1)

Other/NOS 205 (0.7) 442 (1.3) 392 (1.5) +116%
(+78% to +154%)

86 (0.4) 158 (0.5) 141 (0.6) +51%
(+10% to +93%)

2.4 (2.1–2.7)

aTruncated (0–84 years) rates per 100 000, age-standardized on the 1991 Italian population.
b2001–2005 versus 1991–1995.
cFifteen cancer registries.

IR, incidence rate; %CH, percent change; CI, confidence interval; F/M, female-to-male; NOS, not otherwise specified.
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Figure 1. Age-specific incidence rates of papillary thyroid carcinoma by period of diagnosis (A, B) and birth cohort (C, D) and sex, Italya, 1991–2005.
aFifteen cancer registries.
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common in women than men in our study, incidence increases
were of similar size in the two sexes and were almost exclusively
due to increases in papillary TC.
The application of an age–period–cohort model to papillary

TC revealed similarities as well as differences between the two
sexes. The lack of a cohort effect (except for a modest peak in
individuals born between 1946 and 1955) and the strong period
effect (over twofold increase) were similar in men and women.
The age effect, however, greatly differed by sex, as already
reported in the United States [35]. In fact, TC incidence started
increasing at a much younger age in women than men. After
adjustment for cohort and period effects, the highest papillary
TC incidence was attained at age 45–49 years in women but at
age 65–69 years in men.
Although the effect of period and cohort components

on drifts in age–period–cohort models is always difficult to
disentangle, the strength of the period effect in both sexes in
our study clearly points to a role of increased medical
surveillance of thyroid nodules and symptoms potentially
related to thyroid gland dysfunction [12, 18, 21, 36]. Indeed,
ultrasound and thyroid hormone assays have been widely
available in Italy since the early 1980s [37, 38]. Greater use

of health care services by young and middle-aged women (due
to events related to reproduction and peri- and
postmenopausal symptoms) than by men of the same age made
the impact of diagnostic changes emerge more rapidly and at an
earlier age in women. Conversely, medical surveillance in men
is highest at old age [38] as was the detection of papillary TC.
Indeed, some rise in TC incidence had already been seen in
Italian women in 1986–1990, but findings were based on fewer
(nine) cancer registries [39] than in the present report.
Papillary TC are present in large proportions of individuals
with no signs or symptoms of TCs as shown in autopsy-based
studies [40].
Stable or decreasing TC mortality rates in Italy [41], as well

as in other high-resource countries [5, 7, 11, 17, 18] also
indirectly support the predominance of early-detected/good-
prognosis papillary TC in the upward TC trends. Some authors
[12, 16, 42] reported that the increases in papillary TC were
limited or disproportionately higher for small TC, but a few
studies from the Unites States [19, 43] showed that increases
were seen for both small and large papillary TC in both sexes.
Unfortunately, information on tumor size is not systematically
collected in Italian cancer registries.
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Along with medical surveillance, other factors that vary with
time may have also contributed to the increased incidence of
papillary TC. The number of diagnostic radiology examinations
has doubled in the past 10–15 years in the United States and
other countries [22, 44]. Italy should be no exception, although
nationwide surveys of medical radiation exposure do not exist.
Subclinical iodine deficiency has been reported in many
Italian areas [45], and no mass iodine supplementation effort
was undertaken in Italy during the study period. Chronic
iodine deficiency is a risk factor for follicular and anaplastic
TC [46], but inconsistent associations with papillary TC have
been reported both for low and high iodine intake [8, 14, 25].
Some evidence of an association between body size and TC is
also emerging [24, 25]. Overweight is increasing in most
developed countries and moderate increases in the
prevalence of overweight were reported in Italy between 1983
and 2004 [47].
Trends of TC in adolescents were difficult to evaluate as only 86

and 34 papillary TC were reported in females and males,
respectively, in the 15- to 19-year age group. If anything, upward
trends seemed weaker in this age group than in older groups.
Our findings might have been affected by some limitation of

cancer registry data; i.e. possible incompleteness of reporting
and varying quality of histopathologic diagnoses. However, the
completeness and quality of Italian cancer registries have
been shown to be satisfactory [3, 4]. In addition, cancer
incidence data were not available for some parts of Italy, notably
in the south, and relatively few cancer registries had been active
for >10 years. Our findings, therefore, may not be fully
representative of the entire country or of early increases in TC
incidence in the 1980s. However, our present study is the largest

ever on TC incidence trends in Europe and one of the first to
apply age–period–cohort models to TC trends.
In conclusion, data from Italian cancer registries showed

marked upward trends in TC incidence in the last 15 years,
largely due to a strong period effect in papillary TC. The
consequences of the current intense search for TC in terms of
possible overtreatment [48], costs, and morbidity associated
with thyroidectomy and thyroid hormone replacement,
especially in young women, need careful evaluation.

funding

ML was supported by a fellowship from the Italian Association
for Cancer Research (AIRC) carried out at the International
Agency for Research on Cancer.

acknowledgements

The authors thank Dr Enzo Coviello, Bendix Carstensen,
Martyn Plummer, and Jacques Ferlay for helpful comments,
and Mrs Luigina Mei and Trudy Perdrix-Thoma for editorial
assistance.
Other members of the AIRTUMWorking Group: C. Buzzoni

(AIRTUM database); G. Senatore (Salerno Cancer Registry); C.
Pellegri (Reggio Emilia Cancer Registry); M. Autelitano
(Cancer Registry of Milan); M. Fusco (Campania Cancer
Registry); F. Donato (Brescia Health Unit Cancer Registry); S.
Piffer (Trento Cancer Registry); A. Madeddu (Syracuse
Province Registry of Pathology); F. Bellù (Alto Adige/Sudtitol
Cancer Registry); G. Candela (Trapani Cancer Registry); M. L.
Anulli (Sondrio Cancer Registry).

sisongaidtaegA
08070605040302

Fe
m

al
e-

to
-m

al
e 

ra
tio

2

3

4

5

1

puorgegA 44-0493-5343-0392-5242-0291-51 46-0695-5545-0594-54 48-0897-5747-0796-56

oitaRM/F b .12.24.26.21.37.31.40.46.32.31.30.30.3 3.17

Figure 3. Female-to-male (F/M) ratio of papillary thyroid carcinoma by age group according to the age, period, and cohort (APC) model, Italya, 1991–2005.
aFifteen cancer registries;
bEstimated using age-specific incidence rates from the age-period-cohort model (see Figure 2A and B).

Annals of Oncology original article

Volume 22 |No. 4 | April 2011 doi:10.1093/annonc/mdq467 | 961

 at A
S

S
 N

.5 B
A

S
S

A
 FR

IU
LA

N
A

 on M
arch 29, 2011

annonc.oxfordjournals.org
D

ow
nloaded from

 



disclosure

The authors declare no conflict of interest.

references

1. Kilfoy BA, Zheng T, Holford TR et al. International patterns and trends in

thyroid cancer incidence, 1973-2002. Cancer Causes Control 2009; 20(5):

525–531.

2. Ferlay J, Shin HR, Bray F et al. GLOBOCAN 2008; Cancer Incidence and Mortality

Worldwide. IARC CancerBase No. 10. Lyon, France: International Agency for

Research on Cancer 2010; http://globocan.iarc.fr (25 August 2010, date last

accessed).

3. Curado MP, Edwards B, Shin HR et al. (eds). Cancer Incidence in Five Continents

Vol. IX. IARC Scientific Publication No. 160. Lyon, France: IARC Press, 2007.

4. AIRTUM Working Group. New incidence and mortality data 2003-2005.

Epidemiol Prev 2009; 33: 1–26; http://www.registri-tumori.it/PDF/

AIRTUM2009Incidenza/EPv33i1-2s2.pdf (25 August 2010, date last accessed).

5. Davies L, Welch HG. Increasing incidence of thyroid cancer in the United States,

1973-2002. JAMA 2006; 295(18): 2164–2167.

6. Liu S, Semenciw R, Ugnat AM, Mao Y. Increasing thyroid cancer incidence in

Canada, 1970-1996: time trends and age-period-cohort effects. Br J Cancer

2001; 85(9): 1335–1339.

7. Lubina A, Cohen O, Barchana M et al. Time trends of incidence rates of thyroid

cancer in Israel: what might explain the sharp increase. Thyroid 2006; 16(10):

1033–1040.

8. Pettersson B, Coleman MP, Ron E, Adami H-O. Iodine supplementation in

Sweden and regional trends in thyroid cancer incidence by histopathologic type.

Int J Cancer 1996; 65(1): 13–19.

9. Akslen LA, Haldorsen T, Thoresen SO, Glattre E. Incidence pattern of thyroid

cancer in Norway: influence of birth cohort and time period. Int J Cancer 1993;

53(2): 183–187.

10. Reynolds RM, Weir J, Stockton DL et al. Changing trends in incidence and

mortality of thyroid cancer in Scotland. Clin Endocrinol 2005; 62(2): 156–162.

11. Smailyte G, Miseikyte-Kaubriene E, Kurtinaitis J. Increasing thyroid cancer

incidence in Lithuania in 1978-2003. BMC Cancer 2006; 6: 284.

12. Burgess JR, Tucker P. Incidence trends for papillary thyroid carcinoma and their

correlation with thyroid surgery and thyroid fine-needle aspirate cytology. Thyroid

2006; 16(1): 47–53.

13. Levi F, Randimbison L, Te VC, La Vecchia C. Thyroid cancer in Vaud,

Switzerland: an update. Thyroid 2002; 12(2): 163–168.

14. Netea-Maier RT, Aben KKH, Casparie MK et al. Trends in incidence and mortality

of thyroid carcinoma in The Netherlands between 1989 and 2003: correlation

with thyroid fine-needle aspiration cytology and thyroid surgery. Int J Cancer

2008; 123(7): 1681–1684.
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