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EPIDEMIOLOGY

Thyroid Cancer Incidence Patterns in Sao Paulo, Brazil,
and the U.S. SEER Program, 1997-2008

Lene H.S. Veiga,"? Gila Neta,? Briseis Aschebrook-Kilfoy,® Elaine Ron,>" and Susan S. Devesa*

Background: Thyroid cancer incidence has risen steadily over the last few decades in most of the developed
world, but information on incidence trends in developing countries is limited. Sao Paulo, Brazil, has one of the
highest rates of thyroid cancer worldwide, higher than in the United States. We examined thyroid cancer
incidence patterns using data from the Sao Paulo Cancer Registry (SPCR) in Brazil and the National Cancer
Institute’s Surveillance Epidemiology End Results (SEER) program in the United States.

Methods: Data on thyroid cancer cases diagnosed during 1997-2008 were obtained from SPCR (n=15,892) and
SEER (n=42,717). Age-adjusted and age-specific rates were calculated by sex and histology and temporal
patterns were compared between the two populations.

Results: Overall incidence rates increased over time in both populations and were higher in Sao Paulo than
in the United States among females (SPCR/SEER incidence rate ratio [IRR]=1.65) and males (IRR=1.23).
Papillary was the most common histology in both populations, followed by follicular and medullary carci-
nomas. Incidence rates by histology were consistently higher in Sao Paulo than in the United States, with the
greatest differences for follicular (IRR=2.44) and medullary (IRR=3.29) carcinomas among females. The
overall female/male IRR was higher in Sao Paulo (IRR=4.17) than in SEER (IRR=3.10) and did not change
over time. Papillary rates rose over time more rapidly in Sao Paulo (annual percentage change=10.3%
among females and 9.6% among males) than in the United States (6.9% and 5.7%, respectively). Regardless
of sex, rates rose faster among younger people (<50 years) in Sao Paulo, but among older people (=50 years)
in the United States. The papillary to follicular carcinoma ratio rose from <3 to >8 among both Sao Paulo
males and females, in contrast to increases from 9 to 12 and from 6 to 7 among U.S.males and females,
respectively.

Conclusions: Increased diagnostic activity may be contributing to the notable rise in incidence, mainly for
papillary type, in both populations, but it is not likely to be the only reason. Differences in iodine nutrition
status between Sao Paulo and the U.S. SEER population might have affected the observed incidence patterns.

Introduction

THYROID CANCER INCIDENCE RATES vary internationally
and have been rising steadily over the last few decades in
most of the developed world (1-13), but information on in-
cidence trends in developing countries is limited. Sao Paulo,
Brazil, has one of the highest rates of thyroid cancer world-
wide (14.9 cases per 100,000 females and 3.9 cases per 100,000
males during 1998-2002, age-adjusted using the world stan-
dard) (1); and the thyroid is the fourth most common cancer
site among females, just after breast, skin, and colon/rectum

cancer (2). The Sao Paulo thyroid cancer rates were consid-
erably higher than U.S rates of 9.8 and 3.0 among females and
males, respectively, in the Surveillance, Epidemiology ,and
End Results (SEER) registries during 1998-2002 (1). Ap-
proximately 1000 new thyroid cancer cases are diagnosed
each year in Sao Paulo, which is one third the annual number
of thyroid cancer cases diagnosed in SEER.

In the United States incidence rates have increased among
both males and females of all ages, with increases particularly
pronounced for papillary carcinomas, and not only for small
and localized tumors but also larger size and regional stage
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tumors (3,4). These findings suggest that the implementation
of more sensitive diagnostic procedures cannot completely
explain the observed increases in thyroid cancer incidence
over time, and the reasons for the rising rates are not com-
pletely understood.

To our knowledge, no study has attempted to compare the
thyroid cancer incidence patterns observed in the United States
with those in Brazil. Such comparisons may provide some ex-
ploratory clues to the reasons for the geographic variation and
rising rates around the world. Sao Paulo cancer incidence data,
which are now available through 2008, provide the opportu-
nity to compare thyroid cancer patterns with those in the
National Cancer Institute’s SEER program, which also may
help to elucidate reasons for the high rates in Sao Paulo.

Methods
Study population

Data on thyroid cancer cases diagnosed during 1997-2008
in Sao Paulo, Brazil, were obtained from the Sao Paulo Cancer
Registry (SPCR), which covers the geographic area of the city
of Sao Paulo, the capital of the State of Sao Paulo. This is the
largest cancer registry in Brazil, covering ~11 million in-
habitants in 2008 and accounting for 6% of the Brazilian
population. Thyroid cancer cases for the U.S. population for
the same time period were obtained from the National Cancer
Institute’s SEER 13 Registries Database, November 2010
submission (5), which includes data from Atlanta, Connecti-
cut, Detroit, Hawaii, Iowa, New Mexico, San Francisco-
Oakland, Seattle-Puget Sound, Utah, Los Angeles, San
Jose-Monterey, rural Georgia, and the Alaska Native tumor
registry, covering ~40 million inhabitants in 2008 or ~14%
of the U.S. population.

Case definition and tumor characteristics

We abstracted demographic data, including age at diag-
nosis and sex, as well as tumor information, such as histo-
logical type and mode of diagnosis, for each case diagnosed in
SPCR and SEER. Information on ethnicity, tumor size, or
stage of the disease was not available in SPCR and could not
be used in this analysis. We included all cases, regardless of
ethnicity, in the SEER dataset.

A total of 15,955 thyroid cancer cases were diagnosed in
Sao Paulo from 1997 to 2008. Of these, 1834 (11%) were not
microscopically confirmed, 1579 (10%) had an unknown age
at diagnosis, 60 (0.4%) were identified by death certificate
only, and three (0.02%) were diagnosed at autopsy. We ex-
cluded the 63 cases that were identified only by death certif-
icate or diagnosed at autopsy. Due to the large proportion of
cases in SPCR with unknown age at diagnosis and without
microscopic confirmation, we assumed that these cases had a
similar age and histology distribution as cases with known
age at diagnosis and that were microscopically confirmed. We
reallocated cases with unknown age at diagnosis into 5-year
age groups, according to the age-specific proportion by sex
and histological type for three time periods (1997-2000, 2001—
2004, and 2005-2008). Cases without microscopic confirma-
tion were reallocated proportionally to the major histological
types, specific for time period, sex, and age group. Among the
14,135 cases with histological confirmation, 11% had a poorly
specified histology.
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In SEER, 369 cases (0.8%) were identified by death certifi-
cate only or diagnosed at autopsy and were excluded from the
analysis. Since cases without microscopic confirmation (127
cases) and with missing age at diagnosis (three cases) in SEER
were <1% of the total number of cases, they were omitted
from the analysis. A total of 42,717 patients were diagnosed
with malignant thyroid tumors that were microscopically
confirmed and were not diagnosed at autopsy or identified
only by death certificate. Cases with poorly specified histol-
ogy represented only 1% of the cases that were microscopi-
cally confirmed.

All thyroid cancer cases were classified according to the
recommendations of the International Association of Cancer
Research as used in Cancer Incidence in Five Continents,
volume IX (1), using the World Health Organization’s Inter-
national Classification of Diseases for Oncology, 3rd edition
(6). Cases were subdivided into the major histological sub-
types: papillary carcinoma (ICD-O-3 codes 8050, 8260, 8340
8344, 8350, 8450-8460), follicular carcinoma (ICD-O-3 codes
8290, 8330-8335), medullary carcinoma (8345, 8510-8513),
anaplastic carcinoma (8020-8035), other specified (8036-8046,
8051, 8052, 8070-8124, 8130,8131, 8140-8255, 8261-8280,
8300-8225, 8337, 8346, 8347, 8370-8443, 8461-8507, 8514—
9589) or poorly specified (8000-8005, 8010-8015) carcinomas.

Age-adjusted and age-specific incidence rates

Age-specific and age-adjusted [to the World Standard Po-
pulation (1)] rates per 100,000 person-years were calculated
using case data from SPCR and SEER and population data
from the Brazilian Vital Statistics System (7) and SEER. We
examined the incidence rates by sex, age groupings (10-year
groups and <50 years versus > 50 years), and histology. Rates
were calculated for the time periods 1997-2000, 2001-2004,
and 2005-2008. Incidence rate ratios (IRRs) were used to
compare rates among females and males in Sao Paulo and
SEER. The Joinpoint Regression Program (8) was used to
analyze the temporal trends in the age-adjusted rates over the
12-year period. The annual percentage change (APC) was
calculated for each sex, for those histological types with at
least one case diagnosed in each year, assuming a constant
rate of increase or decrease over the period considered. The
APC was tested to determine whether it was significantly
different from the null hypothesis of no change (0%) (two-
sided, p<0.05) (9).

We also examined thyroid cancer mortality trends in Sao
Paulo and the SEER population. The number of deaths from
thyroid cancer during 1997-2008 and the corresponding
person-years at risk were obtained from the Brazilian Vital
Statistics System and the SEER database, which also provides
information on the underlying cause of death. In order to
assess if the high thyroid cancer incidence rate in Sao Paulo
could be attributed to better access to diagnostic procedures
among users of private health plans, we also abstracted data
on type of source of diagnosis (public or private) from the
cancer registry.

Results
Thyroid cancer by sex and type

Table 1 presents the overall and histology-specific thyroid
cancer incidence rates for the Sao Paulo and the United States
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TABLE 1. THYROID CANCER INCIDENCE RATES AND INCIDENCE RATE RATIOS IN SAO PAUuLO, BrazIL,
AND THE U.S. SEER 13 REGISTRIES DURING THE YEARS 1997-2008
Sao Paulo (n =15,892) SEER (n =42,717) Sao Paulo/SEER IRR
Female Male Female Male

Cases  Rate Cases Rate F/M IRR Cases Rate Cases Rate F/M IRR Female Male
Overall 13,313 18.43 2579 4.42 417 32,562 11.17 10,155 3.60 3.10 1.65 1.23
Papillary 9607 13.22 1818 3.05 4.33 28,414  9.85 8219 2.92 3.37 1.34 1.04
Follicular 1650 232 299 054 4.30 2879  0.95 1128 0.40 2.38 2.44 1.35
Medullary 390 0.56 85 0.15 3.73 506 0.17 354 0.13 1.31 3.29 1.15
Anaplastic 93 0.13 33 0.07 1.86 279  0.06 187 0.06 1.00 217 1.17
Others specified 143 0.21 59 0.11 1.91 242 0.07 151 0.05 1.40 3.00 2.20
Poorly specified 1429 2,00 285 0.50 4.00 242 0.07 116 0.04 1.75 28.57 12.50

Values are age-adjusted rates (world population) per 100,000 person-years.

IRR, incidence rate ratios; F/M, female/male.

(13 SEER areas) populations for the study period 1997 to 2008.
Incidence rates were higher in Sao Paulo than in the United
States; the overall IRRs were 1.65 among females and 1.23
among males. Papillary thyroid cancer was the most common
histology, accounting for 72% of all thyroid cancers in Sao
Paulo and 86% in SEER, followed by follicular, medullary,
anaplastic, and other specified histologies. Incidence rates for
each of these histologic groups were consistently higher in Sao
Paulo than in SEER. The greatest differences were for other
specified and medullary carcinomas among females, for
which rates in Sao Paulo were 3.00 to 3.29 times those in the
United States, respectively. Many more cases in Sao Paulo
than in SEER did not have the histologic type specified; the
Sao Paulo/SEER IRR was almost 30 among females and more
than 10 among males. The female predominance was higher
in Sao Paulo than in SEER, with overall F/M IRRs of 4.17 and
3.10, respectively. The F/M IRRs were larger for papillary and
follicular than the other types in both countries. The greatest
difference in F/M IRRs between Sao Paulo and the United
States was for medullary carcinoma (IRR=3.73 and 1.31, re-
spectively). Overall F/M IRRs were virtually the same across
the three study periods (1997-2000, 2001-2004, and 2005-
2008) in the United States (2.97, 3.13, and 3.18, respectively)
and Sao Paulo (4.07. 4.17, and 4.21, respectively; not shown).

Age-adjusted thyroid cancer incidence trends

Between the periods 1997-2000 and 2005-2008, overall in-
cidence rates increased significantly at 5.2% per year among
Sao Paulo females and males, 5.3% per year among SEER
males, and more rapidly among SEER females (APC=6.3%;
Fig. 1 and Table 2). In Sao Paulo, the rates rose more rapidly
among people who were younger than 50 (APC=6.5% and
7.5% for female and males, respectively) than for people 50
years or older (APC=3.7% and 3.5% for females and males,
respectively). In contrast, rates in SEER increased more rap-
idly among people who were 50 years or older (APC=7.7%
and 6.1% in females and males, respectively) than among
those younger than 50 years of age (APC=5.5% and 4.3% in
females and males, respectively). All the age-specific increases
were significant except among those ages 50+ years in Sao
Paulo.

Papillary thyroid cancer rates increased more rapidly than
the overall rates in both populations and both sexes, more

rapidly among females than males in both populations, and in
Sao Paulo (APC=10.3% among females and 9.6% among
males) than in the United States (APC=6.9% and 5.7%, re-
spectively).

Rates in Sao Paulo for follicular, medullary, anaplastic,
other specified, and poorly specified carcinomas did not
change significantly over time. Rates for follicular carcinomas
in SEER increased annually at 3.4% and 4.0% among females
and males, respectively, whereas rates for medullary and
anaplastic carcinomas did not change greatly. Thyroid cancer
mortality rates have been extremely low in both areas. Rates
in Sao Paulo were higher and decreasing, while in SEER they
were lower and relatively stable over time.

Examining data on medical source of diagnosis (public or
private), we found that most of the cases from the SPCR were
diagnosed in private clinics, hospitals, and laboratories (75%),
while 13% of the cases were diagnosed in the public health
system, and 12% were diagnosed in medical centers that use
both systems (private and public). The proportion of cases
diagnosed in the public health system significantly decreased
from 1997-2000 (14.7%) to 2005-2008 (11.2%) (p value <0.01),
while the proportion of cases diagnosed in the private health
system increased significantly (74.3% during 1997-2000 and
76.1% during 2005-2008, p value=0.04). No sex disparity by
clinic type was apparent.

Age-specific incidence rates

Figure 2 presents the age-specific rates by sex and the fe-
male-to-male rate ratios overall and for papillary, follicular,
other specified, and poorly specified thyroid cancers for Sao
Paulo and SEER. The overall and papillary age-specific inci-
dence rates among females in Sao Paulo rose rapidly until age
50-59 years and then progressively decreased at older ages,
whereas rates among females in SEER increased until age 40—
49 years, flattened until age 60-69 years, and then declined. In
both countries, the overall rates among men rose more slowly,
peaking at ages 60—69 and then declining at older ages. Rates
for follicular and other carcinomas rose more consistently
with age among both males and females in both areas. The
pattern among females in Sao Paulo for the poorly specified
histology was similar to that observed for papillary histology,
increasing steadily with increasing age until age 5069, when
rates started to decline. Among females, incidence rates for all
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FIG. 1. Thyroid cancer incidence
rates among females and males at
all ages, under 50 and older than 50
years, Sao Paulo, Brazil, and the
U.S. Surveillance, Epidemiology,
and End Results (SEER) 13 regis-
tries, 1997-2008.
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histological categories were consistently higher in Sao Paulo
than in SEER at each age group except the youngest. Among
males, age-specific incidence rates were similar in both geo-
graphic areas, except for poorly specified carcinomas, for
which rates were notably higher in Sao Paulo than SEER.

The F/M IRRs generally decreased with age for each of the
types in both of the areas, although the female-to-male rate
ratios across all age groups were consistently larger in Sao
Paulo than in the U.S., regardless of histology (Fig. 2C).
Overall, both the Sao Paulo and SEER rate ratios were >5 at
ages <50 years and steadily declined with advancing age to
<2 at age 80+ years.

Discussion

To our knowledge, this report is the largest study on thy-
roid cancer patterns in Brazil and the first one to compare the
incidence in Brazil and the United States. Our results revealed
that thyroid cancer incidence is on the rise in Sao Paulo, Brazil,
following a similar trend observed in many other developed
countries (10). Moreover, we found that thyroid cancer inci-
dence rates were consistently higher in Sao Paulo than in the
United States across the entire study period, particularly
among females. Papillary thyroid cancer was the most com-
mon histology, accounting for 72% of all thyroid cancers in
Sao Paulo and 86% in the United States. The Sao Paulo/SEER
IRRs were the largest for other specified and medullary car-
cinomas among females, for which rates in Sao Paulo were 3
to 3.3 times those in the United States, respectively. The F/M
IRRs were consistently higher in Sao Paulo than SEER and
declined notably with age in both areas and for each type.

Thyroid cancer incidence rose steadily over the study period
in both populations, and this rise was largely limited to the
papillary subtype, especially in Sao Paulo. In contrast, mor-
tality rates decreased in Sao Paulo for both sexes whereas they
tended to be constant in the United States during the study
period. Thyroid cancer mortality is also greater in Sao Paulo
than in the United States for both sexes. While thyroid cancer
mortality rates are nearly equal between males and females in
the United States, females have a 40% greater mortality than
males in Sao Paulo. The decrease in mortality in Sao Paulo
may in part reflect the fact that elderly males and females have
a relatively low proportion of undifferentiated carcinomas
and/or an increase in the diagnosis of less aggressive tumors.
It also may reflect improvements in survival in Sao Paulo
during the study period that may have already occurred in the
United States before our study began.

Papillary cancer rates are rising much more rapidly in Sao
Paulo than in the SEER population among both sexes and age
groups, which may be interpreted as possibly resulting from
significant differences in an unknown risk factor between the
SEER and Sao Paulo populations, as well as potentially im-
proving specificity of assigning the histologic type in Sao
Paulo.

Very little data on trends in thyroid cancer incidence have
been reported for South American countries. A recent report
from Puerto Rico indicated that thyroid cancer incidence in-
creased significantly from 1985 to 2004, mostly due to an in-
crease of papillary cancer (11). Kilfoy et al. (12) examined
incidence data from Cancer Incidence in Five Continents over
the 30-year period 1973-2002 from 19 populations in the
Americas, Asia, Europe, and Oceania. The authors reported
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TABLE 2. THYROID CANCER INCIDENCE RATES BY HISTOLOGY IN SAO PAULO, BRAZIL,
AND THE U.S. SEER 13 REGISTRIES DURING THE YEARS 1997-2008
Sao Paulo (n=15,892) SEER (n=42,717)
1997-2000  2001-2004  2005-2008 1997-2000 2001-2004 2005-2008
Sex; age at
diagnosis Cases Rate Cases Rate Cases Rate  APC  Cases Rate Cases Rate Cases Rate APC
Overall
Female
All ages 3250 14.80 4034 16.76 6029 23.11 5.21* 7858 847 10,585 109 14,119 13.88 6.32%
<50 1950 994 2468 11.62 3753 17 6.54% 4870 6.81 6275 856 7642 10.38  5.48"
50+ 1300 34.22 1566 37.33 2276 47.55 3.67 2988 15.11 4310 20.25 6477 27.86 7.74%
Male
All ages 632 364 782 402 1165 549 5.24% 2503 2.85 3268 348 4384 437 5327
<50 319 1.81 435 233 645 3.26 752% 1199 164 1478 195 1754 23 4.25%
50+ 313 1096 347 10.78 520 12.15 348 1304 768 1790 9.62 2630 12.62 6.13%
Papillary
Female
All ages 1870 8.36 2812 11.64 4925 18.81 10.26* 6690 7.3 9190 9.55 12,534 12.43 6.85%
<50 1255 6.29 1784 839 3181 14.36 10.54% 4341 6.06 5601 765 6987 949  5.85%
50+ 615 16.63 1028 24.68 1744 36.64 9.69% 2349 1226 3589 17.19 5547 24.21 8.60%
Male
All ages 382 215 512 253 924 431 9.64° 1981 226 2668 2.85 3570 3.58 5.72%
<50 214 121 316 1.65 534 2.69 10.657 1025 1.4 1281 1.69 1524 2.00 4.46°
50+ 168 5.9 196 6.03 390 10.82 859" 956 568 1387 751 2046 991 6.84%
Follicular
Female; all ages 695 322 392 164 564 22 -1.94 782 0.8 984 097 1113 1.06 3.35%
Male; all ages 131  0.79 63 034 105 051 -4.88 309 0.35 331 0.35 488 048  3.96%
Medullary
Female; all ages 173 0.83 143 0.35 74 022 -11.21 160 0.17 162 0.17 184 0.17 -0.07
Male; all ages 28 0.16 26 0.15 33 016 -0.05 104 0.12 108 0.12 142 014 285
Anaplastic
Female; all ages 25  0.12 47 017 21 007 -5.81 100 0.07 88 0.07 91 0.06 -2.03
Male; all ages 11  0.06 17 0.09 5 NA NA 47  0.05 64 0.06 76 0.07 229
Other specified
Female; all ages 39 031 60 047 43 025 -3.06 46  0.05 91 0.08 105 0.09 9.77°
Male; all ages 14 0.20 29  0.30 16 0.18 NA 34 0.04 57 0.06 60 0.06 314
Poorly specified
Female; all ages 448 207 581 241 401 155 -5.84 80 0.07 70  0.06 92 0.07 -07
Male; all ages 66 038 139 0.73 80 0.39 2.66 28 0.03 40 0.04 48 0.04 29
Mortality (overall)
Female; all ages 107 053 116 0.49 89 037 =529 2981 0.27 3190 027 3584 028 0.14
Male; all ages 56 037 53 034 37 030 -221 1993 026 2252 028 2607 0.29 1.42

Values are total number of cases in each 4-year period, and age-adjusted rates (world population) per 100,000 person-years.

“The annual percentage change is significantly different from zero (p<0.05).

APC, annual percent change, based on annual age-adjusted rates using Joinpoint Regression Program (7); NA, not applicable (rate based
on <10 cases and/or APC could not be calculated due to zero cases for >1 year).

increases in thyroid cancer incidence for most of the popula-
tions, including Cali, Colombia, which was the only South
American registry included in this evaluation. In Brazil, Reis
et al. (13) have investigated thyroid cancer trends by sex, his-
tology, and tumor stage using data from the Goiania Cancer
Registry from 1988 to 2002. Although the authors reported a
rising thyroid cancer incidence rate among both males and fe-
males over the study period, they suggested that this increase
might be related to an improvement in diagnosis because they
also observed an increase in the proportion of tumors that were
localized over the study period (28% in 1988-1992 to 73% in
1998-2002). However, the proportion of tumors with unknown
stage of disease decreased from 60% to 10% over the same time
period, which limited the authors” conclusions.

Thyroid cancer incidence may reflect socioeconomic dif-
ferences since lack of access to health care would limit

screening efforts among segments of the population. A prior
report (14) found similar age-specific patterns and lack of
geographical variation across SEER racial/ethnic groups in
the United States, indicating that a detection effect cannot
completely explain the observed increases in thyroid cancer
incidence given that the amount or quality of healthcare may
vary by ethnicity, sex, and age. We were unable to perform
such an investigation in Sao Paulo, due to the lack of infor-
mation on ethnicity in the SPCR. Nevertheless, the marked
socioeconomic differences among segments of the population
in Brazil are indeed a great limitation to health care access.
Brazil has both a public and privately-funded health care
system, and the dependency on the public health system is
related to the income level, which varies greatly within re-
gions, states, and cities. Only 20% of the Brazilian population
is covered by private health plans, mainly concentrated in the
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FIG. 2. Thyroid cancer age-specific incidence rates among (A) females and (B) males and (C) female/male rate ratios,

Sao Paulo, Brazil, and SEER 13 registries, 1997-2008.

southeast region of Brazil. Sao Paulo presents the highest
coverage of the southeast region, with 42% of the population
covered by private health care in 2008, ranging from 17.3%
among the lowest to 83.4% among highest income levels (15).
Our finding that 75% of thyroid cancer cases were diagnosed
in the private health system is suggestive of greater medical
surveillance among users of private health plans. However,
the proportion with health insurance coverage in Sao Paulo
did not seem to increase over the study period (15), concurrent
with the rising thyroid cancer rates. Sao Paulo is one of the
most developed cities in Brazil and presents the highest thy-
roid cancer incidence rate among Brazilian cancer registries,
which indeed may be related to better access to medical care.
Nevertheless, it is unlikely that the quality or amount of
health care provided in Sao Paulo would be greater than that
provided in the United States. Furthermore, the overall in-

creases in thyroid cancer in Sao Paulo were mainly due to
rising papillary cancer rates, while the rates of other histologic
types decreased over time. If a significant diagnostic effect
played a role in the increased thyroid cancer rate, one might
expect similar increases for the other histologic types.

Along with medical surveillance, other factors that vary
with time may also have contributed to the rising incidence
of thyroid cancer in both populations. Increased radiation
exposure in childhood due to the greater use of pediatric
computed tomography scanning has been suggested as
potentially relating to the increasing rates in the recent
decades (3). Other factors potentially contributing to the
temporal trends and geographic variations include obesity
(16-18), iodine intake (10,19), environmental exposure to
polychlorinated biphenyls and dioxins (20), use of fertility
drugs (21), changes in reproductive patterns (22,23), insulin
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resistance syndrome (24), and others. Apart from obesity and
iodine intake, little is known regarding the prevalence of
these potential risk factors in Brazil and how they might have
affected the incidence patterns in both populations.

Low iodine intake has been firmly established as a risk
factor for goiter and benign thyroid nodules, whereas high
iodine in the diet has been associated with thyroiditis, hypo-
thyroidism, and hyperthyroidism. However, the role of iodine
in the pathogenesis of thyroid cancer is still controversial, and
differences in risk according to tumor histology have been
observed (10,25-29). Chronic iodine deficiency has been as-
sociated with increased risk of follicular and anaplastic car-
cinoma, whereas iodine excess increased risk of papillary and
decreased risk of follicular carcinoma (30-32). Several studies
conducted in areas with previous iodine deficiency have re-
ported a progressive increase in the ratio of papillary to fol-
licular carcinoma after iodine prophylaxis (25,33-36).

Brazil changed from a state of chronic iodine deficiency in
the 19th century to a recent history of excessive iodine intake
from 1998 to 2003 (37). In brief, a salt iodination program in
Brazil started in 1953, but only in areas with endemic goiter.
From 1956 to 1992, the program was extended to all the Bra-
zilian population, although it was not very effective due to the
lack of regulatory control and cooperation of the salt industry.
From 1992 to 1995, most of the salt industries stopped adding
iodine to the salt due to a legal dispute between the salt in-
dustries and the Brazilian government. In 1995, a new law
was approved, and limits for salt iodination were set at 40—
60 mg iodine/kg of salt. In order to provide a broader range
limit, iodine concentration in table salt was increased to 40—
100 mg/kg, in 1998 resulting in an excessive iodine intake
among the Brazilian population from 1998 to 2003. Thereafter,
iodination of table salt in Brazil was lowered to 20-60 mg/kg
of salt, which is currently the limit in use.

Dietary iodine intake appears to differ between Sao Paulo
and the United States. The World Health Organization
(WHO) defines nutritional iodine sufficiency according to
urinary iodine concentrations as follows: excessive iodine
intake, >300 pg/L; more than adequate intake, 200-299 ug/L;
adequate intake, 100-199 ug/L; mild iodine deficiency, 50—
90 ug/L; moderate iodine deficiency, 20-49 ug/L; and severe
iodine deficiency, <20pug/L (38). Two population studies
conducted during 2000-2003 in Brazil, after reintroducing
systematic salt iodination, reported that ~70% of the exam-
ined subjects had elevated iodine urinary excretion (>300 ug/
L) (39,40). An increased prevalence of chronic autoimmune
thyroiditis and hypothyroidism in the Sao Paulo population
associated with the excessive nutritional iodine intake was
reported in 2004 (41). A national survey of schoolchildren is
currently underway to evaluate the adequacy of iodine intake
levels after the reduction of the iodine concentration in table
salt in 2003 (37).

Reports from the U.S. Health and Nutrition Examination
Survey (NHANES) have indicated that the dietary iodine in-
take of the U.S. general population has remained at an ade-
quate and stable level since 2000 (42—45). In addition, the
2007-2008 NHANES indicated that children aged 6-11 years
have more than adequate levels of iodine in their diets, with a
median iodine urinary excretion of 215 ug/L (44).

The differences in iodine intake between Sao Paulo and the
United States may help explaining the different trends in
the papillary-to-follicular carcinoma rate ratios. In Sao Paulo,
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the ratio of papillary to follicular carcinoma increased from 2.6
t0 8.5 (229%) among females and from 2.7 to 8.6 (211%) among
males in 1997-2000 to 2005-2008, respectively. In SEER, the
increase in ratio of papillary to follicular was less pronounced,
rising from 9.1 to 11.7 (29%) among females and from 6.5 to 7.5
(16%) among males over the same time period. Considering a
latency period for the clinical expression of past phases of
iodine nutrition in Sao Paulo, we can assume that the low ratio
of papillary to follicular carcinomas in the first period of the
study (1997-2000) probably reflects the iodine-deficiency pe-
riod in Sao Paulo (until 1998), whereas the increase in the ratio
of papillary to follicular in the later period (2005-2008) would
reflect the period of excessive iodine intake (1998-2003).

Consistent with the literature, it can be suggested that
differences in iodine nutrition status between the Sao Paulo
and SEER populations may account for the observed thyroid
cancer incidence patterns between both populations. As long
as iodine intake remains adequate in the Brazilian population,
a decrease in ratio of papillary to follicular cancer might be
expected in the coming years in the Sao Paulo population.

Regarding obesity, the prevalence of overweight and obe-
sity increased dramatically over the recent decades in Brazil
(46) and also in the United States (47). Nonetheless, estimates
of obesity in the United States tend to be higher than in other
countries. A recent population-based study in Sao Paulo
among children and adolescents aged 7-18 years reported a
prevalence of obesity of 8.9% among boys and 4.3% among
girls (48). These totals are still lower than recent estimates for
the United States (49), which reported an obesity prevalence
among boys and girls aged 6-19 years of 19.8% and 16.5%,
respectively. Therefore, obesity prevalence would not explain
the higher thyroid cancer rates in Sao Paulo than in SEER,
especially among females.

A female preponderance was observed in Sao Paulo for all
histologic types, as in SEER, with the F/M IRRs consistently
higher in Sao Paulo than SEER. Of note, the F/M IRR for
medullary carcinoma was 3.73, much higher than the 1.31 in
SEER. The higher medullary rate among females in Sao Paulo
than in SEER, in contrast to similar rates among males, is also
notable, especially because a genetic origin has been sug-
gested for these tumors (10,50). Further research is required
to investigate a possible genetic susceptibility in Sao Paulo
females.

Strengths of this study include the large number of thyroid
cancer cases available for analysis and the ability to evaluate
thyroid cancer patterns in a developed and developing
country, especially from a Latin American population. Sao
Paulo is one of the most densely populated cities in the world
(6897 habitants/km?) (1), resulting in a large number of cases
diagnosed each year, comparable to those obtained from
small countries in Europe.

However, certain data limitations should be considered.
Changes in registration data quality may affect time trends.
This is especially important when using cancer registry data
from different countries in order to make comparison across
populations and time. Nevertheless, both SEER and SPCR
have fulfilled the IARC indices of data quality used for cancer
registration (1), presenting a low proportion of registration
from death certificates that did not change over time, sug-
gesting a high degree of completeness of case ascertainment
across the studied period. Some delays in case ascertainment
and reporting to the cancer registries may have occurred, but
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this was minimized by using 4-year time periods to estimate
the incidence rates. Also, the high thyroid cancer rates in
SPCR do not appear to be related to underestimation of the
population at risk because rates for other common cancers
were not uniformly elevated in Sao Paulo in comparison to
SEER (1), as would be expected if the Sao Paulo population
was underestimated. Moreover, similarities in the female-to-
male IRRs and the age-specific incidence patterns (mainly
among males) in both geographies also argued against a
possible bias caused by the underestimation of the population
at risk.

Since information on size and stage of tumors is not
available in the SPCR, we also were unable to assess the role of
an increased detection effect in this trend (i.e., whether the
trends in Sao Paulo varied according to these tumor charac-
teristics).

The proportion of cases with unknown age at diagnosis
and without microscopic confirmation varied over the study
period, but these variations appear to have been random be-
cause no pattern could be identified. Since we reallocated
these cases by assuming that they had a similar age and his-
tology distribution as patients with known age at diagnosis,
and that were microscopically confirmed, the trends were
quite similar whether we included or excluded the reallocated
subjects. Excluding the reallocated cases did reduce the Sao
Paulo rates and the SPCR/SEER IRRs, but the patterns were
generally similar.

The accuracy and completeness of information on histology
may improve over time among cases that were microscopi-
cally confirmed, resulting in lower frequencies of subjects
with poorly specified tumor histology in later years. Despite
the high proportion of cases with poorly specified histology in
Sao Paulo (13%) as compared with the United States (1%),
poorly specified histology rates in Sao Paulo decreased 25%
during the study period. The reason for this relatively high
proportion of poorly specified histology in Sao Paulo is un-
known and is being investigated by the SPCR. It is important
to note that age-specific incidence rates for poorly specified
histology among females in Sao Paulo presented the same
hook pattern observed for the age-specific incidence rates for
papillary (i.e., rapidly increasing during reproductive ages
and then declining at older ages). This similarity may be
suggestive of misclassification of papillary carcinoma cases as
poorly specified histology. Also, changes in diagnostic criteria
for histological classification of thyroid cancer cannot explain
the observed trends in the incidence of papillary and follicular
carcinomas since changes in classification occurred nearly a
decade before our study period.

Other histopathological misclassification cannot be ruled
out, especially for the uncommon histologies. Nevertheless, if
misclassification occurred it should not be sex related. The
higher medullary and follicular rates among females in Sao
Paulo than in SEER contrast with the similar rates observed
among males, suggesting that misclassification is not playing
an important role for these histologies. Therefore, we do not
have any evidence that the observed differences in histology-
specific rates in Sao Paulo versus SEER would be simply re-
lated to misclassification. Moreover, if it occurred, it would
not affect the observed increase in overall thyroid cancer
incidence.

In summary, our study revealed striking differences and
similarities in thyroid cancer incidence patterns in Sao Paulo
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and the United States. The female-to-male IRR patterns were
very similar in the two populations, although the ratios across
all age groups were consistently greater in Sao Paulo than in
the United States. Age-specific incidence patterns by sex dif-
fered by geographic region for females, but not for males, such
that rates peaked more sharply and at older ages among fe-
males in Sao Paulo (50-59 years) than in the United States (40—
49 years), which may reflect a detection effect and/or effect of
certain age-related exposures. Striking differences include the
fact that the rise in thyroid cancer incidence in Sao Paulo has
been limited to the papillary subtype, with decreasing rates
for other histologies, mainly for follicular carcinomas. In the
United States, incidence rates rose for other histologies. The
rapidly increasing ratios of papillary to follicular carcinomas
observed in Sao Paulo, but not in the United States, suggest
that differences in iodine nutrition status between the Sao
Paulo and SEER populations might have affected the ob-
served incidence patterns.

In conclusion, it is not possible to identify the exact cause or
causes of this notable rise in incidence, mainly for papillary
carcinomas, in both populations. Increased diagnostic activity
may play a role, but is not likely to be the only reason because
incidence continues to rise rather than leveling off at some
point in time. Future studies in Sao Paulo should attempt to
retrieve tumor stage and size in order to determine the role of
advances in diagnostic accuracy and to evaluate the impact of
iodine prophylaxis on the papillary and follicular carcinoma
incidence patterns.
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