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Purpose The incidence of thyroid cancer (TC) has increased substantially worldwide. However, there is a
lack of knowledge about age-period-cohort (APC) effects on incidence rates in South American countries.
This study describes the TC incidence trends and analyzes APC effects in Cali, Colombia; Costa Rica;
Goiania, Brazil; and Quito, Ecuador.

Materials and Methods Data were obtained from the Cancer Incidence in Five Continents series, and the
crude and age-standardized incidence rates were calculated. Trends were assessed using the estimated
annual percentage change, and APC models were estimated using Poisson regression for individuals
between age 20 and 79 years.

Results An increasing trend in age-standardized incidence rates was observed among women from Goiania
(9.2%), Costa Rica (5.7%), Quito (4.0%), and Cali (3.4%), and in men from Goiania (10.0%) and Costa
Rica (3.4%). The APC modeling showed that there was a period effect in all regions and for both sexes.
Increasing rate ratios were observed among women over the periods. The best fitmodel was the APC model
in women from all regions and in men from Quito, whereas the age-cohort model showed a better fit in men
from Cali and Costa Rica, and the age-drift model showed a better fit among men from Goiania.

Conclusion These findings suggest that overdiagnosis is a possible explanation forthe observed increasing
pattern of TC incidence. However, some environmental exposures may also have contributed to the observed
increase.
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INTRODUCTION malignant thyroid nodules were diagnosed in
patients who presented with a visible mass or
compressive symptoms. Inthe late 1980s, the advent
of ultrasonography and ultrasound-guided fine-
needle biopsy enabled the detection of millimeter-

sized nodules.®

Thyroid cancer (TC) incidence varies greatly world-
wide with major differences in age-standardized
incidence rates (ASRs) according to region and
sex.? A substantial increase in TC incidence in
various high-income countries over the past 30

years has been reported in the literature.>® Several
possible explanations have been put forward to
account for this increase.® However, controversy
still exists as to the contribution of risk factors to this
temporal trend, mainly because, with the exception
of exposure to ionizing radiation during childhood
and among young women, their role in the devel-
opment of TC has still not been fully elucidated.’
Giventhatthe increasing trend in TC incidence and
the increased use and improvement in the sensi-
tivity of diagnostic technologies are coincident, the
hypothesis of overdiagnosis has been proposed to
explain the observed increase.®®1%12 |n the past,
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Studies examining the effects of age, period, and
cohort on TC incidence have yielded somewhat
divergent findings.>*#"*® Although some authors
have suggested that increased incidence of TC
may be associated with higher diagnostic intensity, >
others point out that a variety of environmental factors
may contribute to this increasing trend.*>*° These
studies were carried out in high-income populations
and thus reflect a reality different from that of middle-
and low-income populations, given that the diagnosis
of TC is highly dependent on technology and, there-
fore, on the access to health care services. In view of
the lack of research into age-period-cohort (APC)
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effects on TC incidence in South America, the
current study aims to assess the temporal patterns
of TC incidence and estimate the effects of age,
period, and birth cohort in four regions covered by
population-based cancer registries (PBCRs) inthe
periods from 1983 to 2007 (Cali in Colombia and
Costa Rica) and 1988 to 2007 (Goiania in Brazil
and Quito in Ecuador).

MATERIAL AND METHODS
Data Sources

Data on the number of patients with TC in each
region, the respective year and age of diagnosis,
and the size of at-risk populations were obtained
fromthe Cancer Incidencein Five Continents series,
volumes VI to X, published by the International
Agency for Research on Cancer.!'**"* Cancer In-
cidence in Five Continents data are obtained from
high-quality cancer registries of a particular country
or region (Appendix Table Al). The four PBCRs
were chosen because they were evaluated by a
rigorous editorial process and reached the highest
level of quality. Furthermore, they are the only
registries in South America with at least 20 years
of uninterrupted time series.

Statistical Analysis

For each region, crude incidence rates and ASRs
were calculated, expressed per 100,000 person-
years at risk and stratified by sex for each year and
for each 5-year study period. ASRs were calcu-
lated using the direct method and world standard
population.?%21

Temporal trends in ASRs were assessed using the
estimated annual percentage change (EAPC),
which was calculated using the following formula:
EAPC = 100[(e™) — 1], where m was estimated
using a regression model with the logarithm of the
ASR as the dependent variable and calendar year
as the explanatory variable. The selection of the
best model was based on the result of a permu-
tation test.’> EAPC was considered statistically
significant at the P < .05. The models were esti-
mated using the Joinpoint Regression Program,
version 4.4.0.0.%% The temporal trend curves were
performed using Stata statistical software (Stata,
College Station, TX) and were smoothed using locally
weighted scatterplot smoothing with a smoothing
coefficient of 0.5.

To separate the effects of age, period, and birth
cohort on TC incidence rates, APC models were
estimated. Tothisend, age was grouped into 5-year
intervals starting at 20 to 24 years and ending with
75t079years. The study periods were also grouped
into 5-year intervals as follows: four periods for

Goiania and Quito (1988 to 1992, 1993 to 1997,
1998 to 2002, and 2003 to 2007) and five periods
for Cali and Costa Rica (1983 to 1987,1988 to
1992, 1993 to 1997, 1998 to 2002, and 2003 to
2007). Birth cohorts were estimated by subtracting
the midpoint of the 5-year age group from the
corresponding 5-year period.

APC effects with their respective rate ratios (RRs)
and 95% Cls were calculated using the Poisson
regression technique. In this Poisson model, the
APC effects act multiplicatively on the rate. Thus,
the logarithm of the expected rate is a linear func-
tion of the effects of age, period, and cohort,?*2’
given as:

n(E[n]) = n(5) = nt ai+ 8+

Where (E[r;]) denotes the expected incidence rate
in age group /and period /,0,; the number of cases
in age /and period j, and N the population at
risk in age /and period j; u is the average value of
effects (intercept); ; is the effect of age group /,
B; is the effect of time period /, and y, is the effect
of cohort k.242°

The main problem when estimating APC effect
parameters is the exact linear dependency among
the factors of age, period, and cohort. This de-
pendency impedes the estimation of the three
effects using a full model, which is called non-
identifiability. Various solutions have been pro-
posed to overcome this problem. In the current
study, the parameterization method developed by
Holford?” was chosen, which estimates APC effect
parameters using the following estimable func-
tions: deviations, curvatures, and drift. This method
was applied to allow us to interpret the period and
the cohort effects as a RR relative to the reference
period (ie, 1983 to 1987 for Caliand Costa Ricaand
1988 to 1992 for Goiania and Quito). The inclusion
of the drift with the period effect makes the age
effect interpretable as the age-specific rates in the
reference period adjusted by the cohort effect. The
cohort effect function was set at O on average with
Oslope, which is interpretable as the cohort-related
RR, after adjustment for age and period.

Natural cubic spline function was used to fit the
APC model. The optimal number of knots was
selected by adding an increasing number of knots
at subsequent quantiles of age, period, and co-
hort, respectively. Goodness of model fit was
tested using the deviance, which was defined as
two times the log-likelihood ratio of the estimated
model compared with the full model. The contri-
bution of the effects was tested by comparing the
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deviance of the specific effect model with the full
model (APC). The findings were considered sta-
tistically significant at P < .05. The APC analyses
were performed using the statistical software R
version 3.3.2, Package Epi 2.0.%8

RESULTS
Geographic and Temporal Patterns

A total of 7,889 patients with TC were registered
during the study period among adults between 20
and 79 years old, of whom 84.9% were women
and 15.1% were men. ASRs were higher inthe last
period compared with the first period; ASRs were
3.3 times higher both in women (14.6 v4.4, respec-
tively) and men (3.0 v 0.9, respectively) in Goiania,
3.4 times higher among women (12.4 v3.7, respec-
tively) and 2.2 times higher among men (2.0 v0.9,
respectively) in Costa Rica, 2.5 times higher among

women (17.0 v 6.9, respectively) and 1.5 times
among men (3.7 v2.4, respectively) in Quito, and
1.7 times higher among women (11.3 v 6.5, re-
spectively) and 1.2 times among men (2.3 v 1.9,
respectively) in Cali (Table 1).

Women showed the highest ASR throughout all
periods and in all four regions. The female-to-male
ratio reached the highest value in Costa Rica (ie,
6.2) for the period from 2003 to 2007, whereas it
was practically homogenousin Goiania, Quito, and
Cali (4.9, 4.6, and 4.9, respectively; Table 1).

Figure 1 shows TC incidence trends according to
sex in the four regions. An increase in ASR was
observed for both sexes in Goiania and Costa Rica,
whereas in Quito and Cali the increase was only
statistically significant among women. In Goiania,
EAPC was slightly higher among men than women

Table 1. ASRsand EAPC of Thyroid Cancer by Sex and Female-to-Male Ratios in Cali (Colombia) and Costa Rica From 1983 to 2007 and in Goiania (Brazil)
and Quito (Ecuador) From 1988 to 2007

Men

Women

ASR*
(per 100,000

ASR*
(per 100,000

PBCR and person-years; EAPC person-years; EAPC Female-to-Male
Calendar Period No. of Patients 95% Cl) (%; 95% CI) No. of Patients 95% Cl) (%; 95% CI) Ratio
Cali 0.9 (-0.91t02.8) 341 (2410 4.4)
1983-1987 35 19(1.7t02.1) 171 6.5 (6.0t07.0) 34
1988-1992 44 19(1.7t02.1) 213 6.5 (6.0t0 7.0) 34
1993-1997 42 15(1.4t01.7) 232 6.5(5.9107.1) 4.2
1998-2002 79 2.2(2.0t02.4) 405 9.4 (8.6 10 10.2) 43
2003-2007 100 23(2.1t02.5) 555 11.3 (10.3 to 12.3) 49
Costa Rica 341 (2.2t04.6) 5.7t (441t07.1)
1983-1987 40 0.9(0.8t01.0) 192 3.7(3.4104.0) 4.1
1988-1992 66 1.1(1.0t01.3) 296 5.0(4.5t05.4) 4.5
1993-1997 75 1.1(091t01.2) 452 6.2 (5.6106.8) 5.8
1998-2002 128 1.6(1.4t01.8) 682 79(7.1t08.7) 49
2003-2007 194 2.0(1.8t02.2) 1280 124 (11.1t0 13.7) 6.2
Goiania 10.01 (7.4 to 12.6) 9.2t (6.8t0 11.7)
1988-1992 11 0.9(0.7t0 1.0) 81 4.4 (39104.8) 5.2
1993-1997 26 14(1.2t01.6) 86 4.1(3.71t04.5) 29
1998-2002 45 2.0(1.8t02.2) 223 8.8(8.11t09.5) 44
2003-2007 72 3.0(2.7t03.3) 445 14.6 (13.3 to 16.0) 49
Quito 4.4 (-0.9t0 10.0) 4.0t (2.5t05.4)
1988-1992 42 24(2.1t02.6) 168 6.9 (6.31t07.5) 2.9
1993-1997 50 2.2(2.0t02.5) 235 8.1(7.3108.9) 36
1998-2002 50 1.8(1.6102.0) 327 9.7 (8.8 t0 10.6) 53
2003-2007 114 3.7(3.3t04.1) 613 17.0(15.3 t0 18.7) 4.6

Abbreviations: ASR, age-standardized incidence rate; EAPC, estim

*Standardized to the world standard population.

FEAPC statistically different from O (two-tailed ttest P -

05).

ated annual percentage change; PCBR, population-based cancer registry.
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Fig 1. Temporal trends
in age-standardized thyroid
cancer incidence rates
(world standard population)
per 100,000 person-years
by sex in Cali (Colombia)
and Costa Rica from 1983
to 2007 and in Goiania
(Brazil) and Quito
(Ecuador) from 1988 to
2007.

(10% v 9.2%, respectively), whereas in Costa
Rica, the EAPC was substantially higher among
women than men (5.7% v 3.4%, respectively;
Table 1).

Effects of Age, Period, and Birth Cohort

Figures 2 and 3 show the age- and birth cohort—
specific TCincidence rates. Age-specific incidence
rates showed a peak shift in age between the first
and the last periods of diagnosis, as follows: from 70
to 7410 60to 64 yearsamongwomen and from 70to
74t07510 79 yearsamong men in Goiania; from 65
to69to45t049yearsamongwomen and from 70to
74 to 65 to 69 years among men in Costa Rica; from
7010 74105510 59 yearsamongwomen and from 60
to 65 to 70 to 75 among men in Quito; and from 75
to 79 to 70 to 74 years among women in Cali. The
peak of the age-specific incidence rate in men from

Cali occurred in age group 75 to 79 years in both
periods. Birth cohort—specific incidence rates con-
sistently increased among women in all four regions
and all age groups, except for the age group of 75 to
79 years in Cali and Quito.

Figure 4 shows the relative contributions of age,
period, and birth cohortto TC incidence rates. The
age effect adjusted by period and cohort effects
was statistically significant among women in all
age groups and all regions. Incidence rates in-
creased atan earlier age in women than menin all
regions, except for Quito. The slope of the curve for
women peaks at age 45 to 49 years in Costa Rica
and at age 65 to 69 years in Cali, Goiania, and
Quito, whereas it peaks at age 65 to 69 years
among men in Costa Rica and Quito and at age
70 1o 74 years and 75 to 79 years among men in
Goiania and Cali, respectively. The cohort effect
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Fig 2. Age-specific
incidence rates (ASRs) of
thyroid cancer by period of
diagnosis and birth cohort
among women in Cali
(Colombia) and Costa Rica
from 1983 to 2007 and in
Goiania (Brazil) and Quito
(Ecuador) from 1988 to
2007. Rates are expressed
in logarithmic scale.

only increased the RRs among women in the
1906t01910andthe 191110 1915 birth cohorts
in Cali, in the 1966 to 1970 birth cohortin Costa
Rica, and in the 1911 to 1915, 1916 to 1920,
1956t0 1960, and 1961 to 1965 birth cohortsin
Quito. Regarding the period effect, a steady
increase was noted in RR across periods among
women in all four regions. In comparison with
the first period, the RRs in 2003 to 2007 were
3.9,3.3,2.5,and 1.8in Goiania, Costa Rica, Quito,
and Cali, respectively. Increasing RR across pe-
riods was also observed among men in Goidnia and
Costa Rica. In comparison with the first period, the
RRs among men in 2003 to 2007 were 4.3, 2.2,
1.9,and 1.6 in Goiania, Costa Rica, Quito, and Cali,
respectively.

The estimated annual changes (net drift) based on
the period and cohort effects for women and men
were3.1% (95% Cl, 2.3%t03.9%)and 2.5% (95%
Cl, 0.7% 1o 4.3%) in Cali, 5.9% (95% Cl, 5.1% to
6.6%) and 4.0% (95% Cl, 2.5% t0 5.6%) in Costa
Rica, 9.5% (95% ClI, 7.7% t0 11.3%) and 10.3%
(95% Cl, 5.9% to 15.0%) in Goiania, and 6.0%
(95%Cl,4.8%t07.2%)and 3.6% (95% Cl, 1.0% to
6.2%) in Quito, respectively.

Model Evaluation

The APC model was fitted for men and women
separately. The results are listed in Table 2. The
full model (APC) yielded a better fit than the two-
factor models (age-period and age-cohort models)
for women in all regions and for men in Quito.
However, the age-cohort model showed a better fit
for men in Cali and Costa Rica, whereas the age-
drift model yielded a better fit for men in Goiania.

DISCUSSION

The findings of this study showed a substantial
increase in TC incidence for both sexes in Cali,
Costa Rica, Goiania, and Quito. Although TC was
more common in women than men, incidence
increase in Goiania was slightly more pronounced
among men, which is in accordance with a study
carried out in the United States in Los Angeles,
California.?? In contrast, the increase in Costa Rica
was greateramongwomen, whichisin line with the
findings of studies conducted in Australia® and
Canada.®

Results also revealed a decrease in the age of peak
incidence between the first and the last study
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Fig 3. Age-specific
incidence rates (ASRs) of
thyroid cancer by period of
diagnosis and birth cohort
among men in Cali
(Colombia) and Costa Rica
from 1983 to 2007 and in
Goiania (Brazil) and Quito
(Ecuador) from 1988 to
2007. Rates are expressed
in logarithmic scale.

period among women in all four regions studied.
However, except for Costa Rica, the peak age of in-
cidence was higher than that reported by studies using
PBCR data for high-income countries.>*2> A possible
explanation for age groups with higher incidence rates
being older in low- and middle-income countries may
be the later diagnosis in these regions as a result of the
difficulties in access to health care services in compar-
ison with high-income countries. In this regard, a study
carried out in Wisconsin found a moderate positive
correlation between indicators of both socioeconomic
status and access to health care services and TC
incidence over the period from 1980 to 2004.%°

The APC model on TC incidence revealed sex sim-
ilarities and differences. A clear period effect was
observed for women and men in all regions. How-
ever, the age effect was quite different between
sexes, witha peak TCincidence occurring inyounger
age groups among women in all regions except
Quito, where the highestincidence was seeninthe
same age group for both sexes. Similar findings
were reported by Dal Maso et al'? regarding the
incidence of papillary TC in lItaly.

Sex differences in age effect are probably a result
ofthe factthatyoungand middle-aged women use

more health care services than men in the same
age group, often as a result of reproductive events
and menopause. This may resultin sexdifferences
in intensity of screening, thus leading to more timely
diagnosis in women.®'? The age effect among men
may reflect the fact that men tend to be more con-
cerned about their health at older ages than women.

The observed period effect points to a role of
overdiagnosis given the increasing medical sur-
veillance of thyroid nodules and symptoms related
to thyroid dysfunction in the past decades.>*° In-
deed, the use of ultrasonography and thyroid hor-
mone assays has increased since the 1980s.3! A
study carried out by Vaccarella et al,® comparing
the ASRs between 2003 to 2007 and 198810 1992,
showed that advances in diagnostic technologies
and the increase in medical surveillance of the
thyroid gland accounted for 60% of TCs diagnosed
in women younger than age 80 years in France,
Italy, the United States, and Australia; 30% of TCs
diagnosed in Japan; and approximately 50% of TCs
diagnosed in the other countries. The percentage of
TC diagnoses attributable to changing diagnostic
practices was similar for both sexes, although
among men, the increase in incidence was slightly
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Fig 4. Age, period, and
cohort effects on the
incidence of thyroid cancer
among women (blue) and
men (blue-green) in Cali
(Colombia) and Costa Rica
from 1983 to 2007 and in
Goiania (Brazil) and Quito
(Ecuador) from 1988 to
2007. RR, rate ratio.

smaller and occurred later in time than women.®
Overdiagnosis has important medical and socio-
economic implications, given the cost of unneces-
sary treatmentthatwill provide little benefitand lead
to a permanent morbidity associated with thyroid-
ectomy and thyroid hormone replacement. There-
fore, these implications should be carefully evaluated,
especially among young women.*?

Increased detection afforded by changing diag-
nostic practices may not be the only explanation
forthe increase in TC incidence, especially among
men in Cali, Costa Rica, and Goiania. Additional
factors that vary with time may have also contrib-
uted, at least partially, to the increased TC in-
cidence. For example, the cesium-137 radiologic
accidentin Goiania in 1985 may have impacted the
number of patients diagnosed with TC because the
medical surveillance may have increased in sub-
sequent years.>>33 Exposure to ionizing radiation
during childhood is the most important risk factor

for TC. Therefore, the question thatarises iswhether
there has been an increase in exposure to ionizing
radiation among the general public in South Amer-
ica in recent decades. Although there is a lack of
population-based research into exposure to ioniz-
ing radiationin South America, studies in the United
States have reported a significant increase in the
per-capita use of x-rays in medical procedures
since the 1960s.343¢ Mettler et al*° found that
the per-capita dose of radiation, mostly from
medical diagnostic procedures, in the United
States has doubled in recent decades. In addi-
tion, Fazel etal®® suggest that the current pattern
of imaging examinations in the United States is
exposing individuals to substantial doses of ionizing
radiation. Furthermore, epidemiologic studies have
shown associations between exposure to diagnos-
tic x-ray examinations and increased risk of TC.374°

TCis one of the few cancers that predominantly affect
women. Our findings showed that female-to-male
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Table 2. Goodness of Fit of the Age-Period-Cohort Models for Thyroid Cancer Incidence by Sex in Cali (Colombia) and Costa
Rica From 1983 to 2007 and in Goiania (Brazil) and Quito (Ecuador) From 1988 to 2007

Men Women
PBCR and Model Resid df Resid Dev  Deviance P* Resid df Resid Dev  Deviance P*
Cali
Age 49 75.601 49 194.388
Age-drift 48 67.027 8.574 .003 48 111.585 82.803 < .001
Age-cohort 37 42.890 24.138 012 38 59.725 51.860 < .001
Age-period-cohort 34 37.677 5.213 157 36 52.677 7.048 .030
Age-period 45 61.410 =28, 738 .014 46 98.263 —45586 < .001
Age-drift 48 67.027 —5.618 132 48 111.585 =13.322 .001
Costa Rica
Age 49 115.442 50 562.350
Age-drift 48 76.051 39.391 < .001 49 104.520 457.83 < .001
Age-cohort 38 52.937 23.114 .010 40 81.160 23.36 .005
Age-period-cohort 36 52.358 0.579 749 38 60.390 20.77 < .001
Age-period 46 75.007 —22.649 012 a7 87.490 -27.09 .001
Age-drift 48 76.051 —1.044 .593 49 104.520 -17.03 < .001
Goiania
Age 38 76.965 37 248.474
Age-drift 37 47.718 29.247 < .001 36 38.221 210.253 < .001
Age-cohort 27 42.774 4.943 .895 26 31.210 7.011 724
Age-period-cohort 26 41.747 1.027 311 25 26.535 4.675 .031
Age-period 36 46.930 —5.183 879 35 32.428 —5.893 .824
Age-drift 37 47.718 —0.788 SIS 36 35.221 =15.798} .016
Quito
Age 36 63.488 37 191.110
Age-drift 35 52.960 10.527 .001 36 56.277 134832 < .001
Age-cohort 23 32.102 20.858 .053 27 28916 27.361 .001
Age-period-cohort 21 18.027 14.075 .001 25 16.056 12.860 .002
Age-period 33 39.593 —21.566 .043 34 40.932 —24.876 .003
Age-drift 35 52.960 —13.367 .001 36 56.277 —15.345 .001
Abbreviations: PBCR, population-based cancer registry; Resid Dev, residual deviance for the Poisson model; Resid df, degrees of freedom
from deviance residue.
P value based on the x“ test comparing the two-factor model (age-period or age-cohort) and the complete model (age-period-cohort)

ratios were fairly consistent in all regions, suggest-
ing that female sex hormones may play an impor-
tant role in TC pathogenesis.****3 This hypothesis
suggests the potential importance of endogenous
hormones and endocrine disruptors in the devel-
opment of TC,** as supported by recent studies
suggesting that polyhalogenated aromatic hydro-
carbons, particularly polybrominated diphenyl ethers,
may be associated with the risk of TC because they
disrupt thyroid hormones.** In this regard, there has
been an increase in human exposure to polybromi-
nated diphenyl ethers and other polyhalogenated
aromatic hydrocarbons over recent decades, *® which
may also have contributed to the observed increase in

TC incidence. However, the role of these exposures in
thyroid carcinogenesis remains unclear.

Limitations of data from PBCRs may have affected
study findings, although the selected PBCRs have
been shown to achieve standards of high quality**¢*°
and our results are consistent with other population-
based studies.>?

It is noteworthy to mention that the findings of this
study are not representative of South Americaasa
whole, because only Cali, Costa Rica, Goidnia, and
Quito were considered. In addition, the only PBCR
that covers the whole country is that of Costa Rica.
Cali's PBCR covers the urban area of the city; Quito’s
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registry covers the capital city of Ecuador; and
Goiania's PBCR covers the capital city of the State
of Goias in Brazil. However, it should be highlighted
thatthe current study is the first, to our knowledge, to
use APC modelingtoexaminetrendsin TCincidence
using data from different regions of South America.

Overall, PBCR data showed an increasing trend in
TC incidence for both sexes over the past 25 years
in Cali and Costa Rica and in the past 20 years in
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APPENDIX

1

Table A1. Population Covered by the Population-Based Cancer Registries From Cali, Costa

Rica, Goiania, and Quito Between 2003 and 2007

Population-Based Cancer Registries

Population Covered (No.)

Cali, Colombia 2,040,995
Costa Rica* 4,263,043
Goiania, Brazil 1,194,013
Quito, Ecuador 1,520,506

“National registry

jgo.org JGO - Journal of Global Oncology

Downloaded from ascopubs.org by 200.33.96.15 on December 7, 2021 from 200.033.096.015
Copyright © 2021 American Society of Clinical Oncology. See https://ascopubs.org/go/authors/open-access for reuse terms.


http://jgo.org

