
October 2017 | Volume 8 | Article 2771

Original research
published: 20 October 2017

doi: 10.3389/fendo.2017.00277

Frontiers in Endocrinology | www.frontiersin.org

Edited by: 
Wen Zhou,  

University of Miami,  
United States

Reviewed by: 
Paul Davis,  

Albany Medical College,  
United States  

Shubhankar Nath,  
Harvard Medical School,  

United States

*Correspondence:
Gabriella Pellegriti  

g.pellegriti@unict.it

Specialty section: 
This article was submitted to  

Cancer Endocrinology,  
a section of the journal  

Frontiers in Endocrinology

Received: 09 August 2017
Accepted: 03 October 2017
Published: 20 October 2017

Citation: 
Tavarelli M, Malandrino P, Vigneri P, 

Richiusa P, Maniglia A, Violi MA, 
Sapuppo G, Vella V, Dardanoni G, 

Vigneri R and Pellegriti G  
(2017) Anaplastic Thyroid  

Cancer in Sicily: The Role of  
Environmental Characteristics.  

Front. Endocrinol. 8:277.  
doi: 10.3389/fendo.2017.00277

anaplastic Thyroid cancer in sicily: 
The role of environmental 
characteristics
Martina Tavarelli1, Pasqualino Malandrino1, Paolo Vigneri2, Pierina Richiusa3,  
Adele Maniglia3, Maria A. Violi4, Giulia Sapuppo1, Veronica Vella5, Gabriella Dardanoni6, 
Riccardo Vigneri1,7 and Gabriella Pellegriti1*

1 Endocrinology, Department of Clinical and Experimental Medicine, University of Catania, Garibaldi-Nesima Medical Center, 
Catania, Italy, 2 Medical Oncology, Department of Clinical Experimental Medicine, University of Catania, Policlinic Hospital, 
Catania, Italy, 3 Endocrinology, Di.Bi.M.I.S., University of Palermo, Palermo, Italy, 4 Department of Clinical and Experimental 
Medicine, University of Messina, Messina, Italy, 5 Motor Sciences, School of Human and Social Sciences, “Kore” University, 
Enna, Italy, 6 Osservatorio Epidemiologico Regionale, Assessorato Salute Regione Siciliana, Palermo, Italy, 7 Institute of 
Biostructure and Bioimaging, CNR, Catania, Italy

Background: Anaplastic thyroid cancer (ATC) is a rare but extremely aggressive cancer 
of the thyroid, contributing up to 30–40% of thyroid cancer-specific mortality. We ana-
lyzed ATC characteristics and survival rates in Sicily to evaluate the possible influence of 
environmental factors. With this aim, data regarding ATC incidences in urban/rural and 
industrial, iodine-deficient, and volcanic vs control areas were compared in Sicily as well 
as ATC data from Sicily and USA.

Methods: Using the Sicilian Register of Thyroid Cancer (SRTC) database incidence, 
age, gender, tumor size and histotype, extrathyroidal extension, stage, and coexistence 
with pre-existing differentiated thyroid cancer (DTC) were evaluated in different areas of 
Sicily and also compared with Surveillance Epidemiology and End Results data in USA.

results: Forty-three ATCs were identified in Sicily in the period 2002–2009. In our series 
only age <70  years at diagnosis (p  =  0.01), coexistence with DTC (p  =  0.027) and 
tumor size ≤6 cm (p = 0.012) were significant factors for increased survival at univariate 
analysis (only age at multivariate analysis). No difference in ATC incidence was found in 
urban vs rural areas and in iodine-deficient and industrial vs control areas. By contrast, 
in the volcanic area of Sicily, where DTC incidence is doubled relative to the rest of 
the island, also ATC incidence was increased. ATC data in Sicily were similar to those 
reported in the same period in the USA where overall survival rate at 6 and 12 months, 
however, was smaller.

conclusion: The similar ATC data observed in Sicily and USA (having different genetic 
background and lifestyle) and the increased ATC incidence in the volcanic area of Sicily 
paralleling the increased incidence of papillary thyroid cancer are compatible with the 
possibility that casual additional mutations, more frequent in a background of increased 
cell replication like DCT, are the major causes of ATC rather than genetic background 
and/or direct environmental influences.

Keywords: thyroid cancer, anaplastic thyroid cancer, thyroid cancer epidemiology, Thyroid cancer registry, 
thyroid cancer and volcanic environment
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inTrODUcTiOn

Thyroid cancer is the most common endocrine tumor, mak-
ing up 3.8% of all new cancers in the USA (1), and in the last 
three decades its incidence has continuously increased all over 
the world (2). Most thyroid cancers are well differentiated and  
have an indolent evolution with a low mortality rate (approxi-
mately 0.5%), which has been relatively stable over the last 
decades but has been increasing in the recent years (3).

A specific thyroid cancer histotype, the anaplastic thyroid 
cancer (ATC) is the major contributor to thyroid cancer-related 
mortality. In spite of its rarity (1–2% of all thyroid cancers) 
ATC contributes to 15–50% to the annual mortality of thyroid 
cancer (4). ATC in fact is one of the most aggressive and deadly 
human cancers, with a disease-specific mortality close to 100% 
(5). ATC originates from the thyroid follicular epithelium but 
does not show any of the biological features typical of the dif-
ferentiated follicular cells [response to TSH, iodine uptake, and 
thyroglobulin (Tg) synthesis]. ATC, therefore, is also different 
from the poorly differentiated thyroid cancers (DTCs) which 
maintain some of the immunohistochemical markers of the 
epithelial thyroid cell, such as Tg and thyroid transcription 
factor 1 (TTF1) (6, 7).

According to Surveillance Epidemiology and End Result 
(SEER), the ATC incidence is 1–2 cases/million inhabitants/year, 
and the trend, at variance with well-DTC, shows a progressive 
decrease (8). A dramatic reduction of ATC has been observed 
in the last three decades of the last century in Germany and 
Ireland and is attributed to the increase of dietary iodine and 
better treatment of DTC (9, 10). Nowadays ATCs represent 1.7% 
of all thyroid cancers in the United States (11). Based on either 
tumor registries or single center experience, the ATC frequency 
among all thyroid cancers is highly variable in different countries, 
being 1.3% in Australia, 1.9% in Luxembourg, 2.0% in Austria, 
2.1% in Italy, 3.1% in Japan and Jordan, 4.2% in New Zealand, 
4.7% in India, 7.5% in Israel, 7.9% in Netherlands, and 9.8% in 
Ireland (12).

Because of its aggressive behavior, ATC is classified as T4 
and Stage IV cancer (IV A/B/C) by the latest American Joint 
Committee on Cancer Staging Manual (13). The median survival 
of ATC patients is 3–5 months after diagnosis with a survival rate 
of 20% at 1 year and less than 5% at 5 years (4).

Anaplastic thyroid cancer patients are generally older than 
patients with DTC with a peak of incidence in the sixth to 
seventh decade of life and less than 10% of cases younger than 
50 years. The female to male ratio is lower than in DTC, between 
2:1 and 3:1 (4, 14). ATC often occurs in patients with a pre-
existing goiter (up to 80% of cases) or a DTC. More than 90% 
of ATC tumors are locally invasive (15, 16) and present a rapidly 
growing fixed neck mass, invading surrounding tissues with 
neck lymph node involvement (17). Therefore, local symptoms, 
including neck pain, tenderness, and compression (or inva-
sion) of the upper aerodigestive tract, with dyspnea, dysphagia, 
hoarseness, and cough usually prevail on systemic symptoms 
(anorexia, weight loss, fatigue, shortness of breath, and fever 
of unknown origin) that appear only when the disease is more 
advanced (4). Fifty percent of patients present with distant 

metastases already at diagnosis: lung (80%), bone (6–16%), and 
brain (5–13%) are the most common metastasis sites (15).

Due to these characteristics at presentation ATC should be 
considered a systemic disease that requires multimodal therapy 
involving reductive surgical resection in addition to external 
beam radiation therapy and chemotherapy (doxorubicin and 
paclitaxel), either concurrently or sequentially (4). Hopefully, 
in the near future, a better understanding of the genomic 
and transcriptomic hallmarks of ATC (18) will allow for the 
development of new therapeutic strategies based on molecular 
approaches with single (19, 20) or multiple molecular target 
approaches (21–25).

The aim of this study was to analyze demographic and clini-
cal characteristics of ATC relative to different environmental 
influences in individuals with a similar genetic background and 
lifestyle. ATC incidence was examined in rural vs urban areas 
of Sicily as well as in iodine-deficient areas and in industrial-
ized areas and data compared to values in the rest of the island. 
Moreover, ATC was separately evaluated in the area of increased 
incidence of thyroid cancer identified around the Mt. Etna 
volcano (26). In that volcanic area, thyroid cancer incidence is 
doubled relative to the rest of Sicily and the increase is exclu-
sively due to the papillary histotype (26). This increase of thyroid 
cancer in the volcanic area is associated with important non-
anthropogenic environmental pollution. Analyzing 27 trace 
elements in drinking water, lichens, and in urines of residents in 
the volcanic area and in adjacent non-volcanic Sicilian areas, we 
found that values of many metals were significantly increased in 
water and atmosphere of the volcanic area with consequent bio-
contamination of the resident population (27, 28). In particular, 
average values of palladium (×9), vanadium (×8), manganese 
(×3), mercury (×2.6), tungsten (×2.4), and cadmium (×2.1) 
were the major biocontaminants identified (27–29).

Moreover, to evaluate the possible influence of the different 
genetic background, ATC data in Sicily were compared with 
those available from the SEER program in the USA. Survival 
rates and prognostic factors were also calculated. All these com-
parisons were aimed at evaluating the possible role of environ-
mental characteristics on the incidence of ATC in populations 
living in adjacent areas and having a similar genetic background  
and lifestyle (Sicily) and also in two countries (Sicily and USA) 
with very different genetic background and lifestyle.

PaTienTs anD MeThODs

Data source
The Sicilian Regional Register for Thyroid  
Cancers (SRRTC)
The Sicilian Regional Register for Thyroid Cancers (SRRTC) was 
established in Sicily in January 2002 and is based on a double 
independent identification system: (a) active search in all Sicilian 
pathology centers for histological diagnosis and (b) systemic 
analysis of the regional data-base of the hospital discharge records 
(SDO) and death certificates.

The files of the National Health Service hospital’s discharge 
forms were provided by the Sicilian Epidemiological Observatory 
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classified according to the International Classification of Diseases, 
Ninth Revision, Clinical Modification, and including the diag-
noses of thyroid cancer (ICD-9-CM code 193), thyroidectomy  
(ICD-9-CM code 064) and acquired hypothyroidism (ICD-9-CM 
code 2440). Only patients with a histopathology diagnosis of 
thyroid cancer according to the International Classification of 
Diseases for Oncology (ICD-O code C73.9) were included. Data 
were collected in a computerized folder that includes demo-
graphic (age, gender, residence) and clinical data (type of surgery, 
histological type, tumor size, extrathyroidal extension, disease 
staging). All diagnoses of ATC from January 2002 to December 
2009 were included and cases were staged according to the TNM 
system (seventh edition).

seer Data
The SEER program collects data on all malignancies diagnosed 
through histology in all SEER eligible cancer registers. We 
obtained data on ATC (ICD-O-3 8012, 8020, 8021, 8030-32) 
from the SEER 18 registries (released April 2016, based on the 
November 2015 submission) through the SEER*Stat software 
version 8.3.2. Only ATC diagnosed in the same period of the 
SRRTC studied series (2002–2009) were selected.

geographic and environment 
characteristics of sicily
Sicily is a Mediterranean island with a homogenous and sta ble 
population of 5,013,000 inhabitants in 2005 (http://demo.istat.it/
pop2005/index.html).

The geographic and environmental characteristics of Sicily 
are different in different areas. The population is distributed in  
nine provinces. Nearly 25% of the Sicilian population lives in 
rural areas (defined as having a population density of ≤150 
inhabitants per square kilometer) and approximately 8% in 
extensively industrialized areas (mostly chemical and mechani-
cal installations) (26). Nearly 5% of Sicilians live in areas of mild-
to-moderate iodine deficiency, scattered over the island, but 
mostly in the central highlands. The iodine-deficient population 
was determined by more than 30 years of continuous studies on 
endemic goiter, including goiter surveys in schoolchildren and 
measurements of urinary iodine and radioiodine thyroid uptake 
in adults (30–32). Finally, nearly 20% of the Sicilian population 
live in the volcanic area of Mt. Etna, the largest and most active 
volcano in Europe. This area includes most of the province  
of Catania (approximately 80% of residents) and part of the 
province of Messina (approximately 25% of residents).

statistical analysis
Mean  ±  SD is provided for continuous variables, whereas 
categorical parameters are shown as number and percentage. 
Quantitative and qualitative data were compared using the 
t-test and the chi-square test, respectively. To calculate the age-
standardized incidence rate of ATC on the world population 
(ASRw), data on the numbers of newly diagnosed ATC every year 
and population size for SRRTC were obtained from the Italian 
Institute for Statistics while for the USA data from SEER registry 
were analyzed.

The comparisons of the incidence of thyroid cancer in dif-
ferent geographical areas were performed using Poisson regres-
sion analysis, including age and gender in the model. Survival 
rates were calculated according to the Kaplan–Meier method. 
Statistical analyses were performed using commercially avail-
able software (Stata version 13.1; StataCorp, College Station, TX, 
USA) and a p-value of less than 0.05 was considered statistically 
significant.

ethical approval
Data on patients with thyroid cancer were collected following 
the privacy data directive of the European Union (26). The use 
of SRRTC data has been authorized by the Sicilian Regional 
Epidemiological Observatory. Ethical approval is not required 
and informed consent is waived since this is a retrospective 
study and individual data are collected anonymously.

resUlTs

aTc incidence and characteristics  
in sicily
Forty-three ATCs were identified among the 5,328 thyroid can-
cers diagnosed in Sicily between 2002 and 2009 (0.8% of all thy-
roid cancers in the same period) with an overall age-standardized 
incidence rate (ASRw) of 0.05/105 inhabitants/year, identical in 
males and females.

In our series, ATC patients were more frequently females  
(25 cases vs 18 in males) with a female to male ratio of 1.4/1, 
much smaller than the overall thyroid cancer F/M ratio in Sicily 
(4.3/1) (33).

The mean age at diagnosis was 71.6 years (range 51.4–95.3) 
and was lower in males (69.7  ±  6.2  years) than in females 
(73.0 ± 11.4 years), but the age difference between the two genders 
was not statistically significant (p = 0.28). No ATC patient was 
younger than 50 years at presentation and in most cases (25/43, 
58.1%) the age at diagnosis was ≥70 years (Table 1); the ASRw 
was 0.5/105 inhabitants/year among individuals aged ≥70 and 
was nearly 10 times lower in patients aged <70 years (0.05/105 
inhabitants aged 50–70 years) (p < 0.001).

The median tumor size at presentation was not available 
or not measurable in 10 patients. It was 5.7  cm (±2.4) in the 
remaining 33 patients with no significant difference between 
gender (F = 5.5 ± 2.7 cm; M = 6.0 ± 1.9 cm; p = 0.56). In younger 
patients (<70  years), the median tumor size was significantly 
smaller than that in patients ≥70 years (4.3 vs 6.0 cm, respec-
tively) (p = 0.02).

Extrathyroid extension at presentation was evaluated in 37/43 
patients and it was present in 27/37 cases (73%), and was more 
frequent in females (17/22 cases or 77.3%) than in males (10/15 
cases or 66.7%). This difference is not significant (p  =  0.47). 
Extrathyroid extension was similar in older (≥70 years) patients 
(17/24 or 70.8%) and younger patients (<70  years, 10/13 or 
76.9%, p = 0.69).

The ATC developed in normal or goitrous non-malignant 
thyroid in 23 patients whereas it coexisted with differentiated 
thyroid carcinoma in 20 patients (46.5%): 11 papillary classic 
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TaBle 3 | Univariate and multivariate analysis for the risk of anaplastic thyroid 
cancer (ATC)-related death.

Univariate  
analysis

Multivariate 
analysis

Parameter hr (95%ci) p hr (95%ci) p

Male gender 0.64 (0.32–1.27) 0.20
Age at diagnosis 1.08 (1.03–1.12) 0.001 1.06 (1.00–1.12) 0.05

≥70 years 3.64 (1.70–7.80) 0.001 1.13 (0.94–1.37) 0.20
Tumor size 1.23 (1.01–1.48) 0.036

>6 cm 2.85 (1.26–6.44) 0.012
Extrathyroid invasion 1.91 (0.81–4.52) 0.14
Coexistence with 
differentiated thyroid 
cancer (DTC)

0.45 (0.22–0.91) 0.027 0.70 (0.29–1.67) 0.42

Stage IVA (n = 16) 1.0
Stage IVB + IVC (n = 27) 2.01 (0.97–4.16) 0.059

Data at univariate analysis indicate that the risk of ATC-related death increases +8% 
for the increase of each year of age at diagnosis and +23% for each cm of cancer size 
increase while it is reduced by 55% when coexisting DTC.

TaBle 1 | Anaplastic thyroid cancer (ATC) patients and tumor characteristics in 
Sicily and in USA (2002–2009).

sicily Usa p

n. cases 43 683
asrw 0.05 0.06 N.S.
Mean age (± sD) 71.6 (±9.7) 70.3 (±9.7) 0.5

F (N. 25) 73.0 (±11.4)
M (N. 18) 69.7 (±6.2)

F/M ratio 1.4/1.0 1.6/1.0 0.62
Tumor sizea 5.7 (±2.4) 6.3 (±2.9) 0.27

≤6 cm 23/33 (69.7%)
>6 cm 10/33 (30.3%)

extrathyroid invasionb

Present 27 (73%)
Absent 10 (27%)
Coexistence with DTC 20 (46.5%)
staging (TnM)
IVA 16 (37.2%) 69 (10.1%) <0.001
IVB 26 (60.5%) 571 (83.6%)
IVC 1 (2.3%) 43 (6.3%)
survival
Median (months) 6.8 5.0 0.28
Survival rate 6 months 51.2% 38.0% 0.09

1 year 37.2% 25.0% 0.08

aAvailable in 33 patients.
bAvailable in 37/43 patients.
p: USA vs Sicily.
N.S, non-significant.

TaBle 2 | Comparison between long-term anaplastic thyroid cancer (ATC) 
survivors and other ATC patients in Sicily.

long-term aTc 
survivorsa (n = 14)

Other aTc 
patients (n = 29)

p

Mean age (years) 67.0 (±7.0) 73.8 (±10.0) 0.03
Age >70 years 4 (28.6%) 21 (72.4%) 0.006
F/M ratio 0.75/1 1.9/1 0.16
Coexistence with DTC 8/14 (61.5%) 12/29 (42.9%) 0.27
Tumor size (cm, M ± SD) 4.9 (±1.6) 6.0 (±2.5) 0.23
Extrathyroid invasionb 5/10 (50%) 22/27 (81.5%) 0.06
stage
IV A (n = 16) 8/14 (57.1%) 8/29 (27.6%) 0.06
IV B + IV C (n = 27) 6/14 (42.9%) 21/29 (72.4%)

aSurviving beyond 2 years.
bAvailable only in the 37/43 patients.
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variant, 1 tall cell and 1 papillary follicular variants, 1 poorly 
differentiated, and 6 follicular cancers.

The histo-pathological characteristics of ATC were available in 
19 cases: 6 giant cell, 4 spindle cell 3 squamoid cell and 6 mixed 
variants (spindle/giant, squamoid/giant, spindle/squamoid) were 
identified.

After diagnosis, patients were staged according to the TNM: 16 
patients were stage IVA, 26 IVB, and 1 was stage IVC. According 
to gender, stage IVA was more frequent in men (55.6%) than in 
women (24.0%) although the difference did not reach statistical 
significance (p = 0.08).

No standardized treatment was used in this cohort since 
patients were followed by different multidisciplinary teams with 
the coordination of either endocrinology or surgery or oncol-
ogy specialists. Detailed information on surgery was available 
in 41/43 patients. Most had total thyroidectomy (29/41) with a 
subsequent enlarged lymph node dissection in five cases. Partial 
thyroidectomy (mass debulking) was carried out in 10 patients, 
while only a diagnostic core biopsy was carried out only in 2 
patients because neck surgery was not suggested due to the locally 
advanced infiltrative disease or the presence of distant metastases.

risk Factors and survival analysis
In the 43 ATC patients diagnosed in Sicily, the unadjusted median 
survival was 6.8  months (95% C.I. 4.6–16.8), longer in males 
(16.8  months) than in females (4.8  months) (p  =  0.19) and in 
younger patients (44.5  months in patients <70  years vs 4.6 in 
patients ≥70  years) (p  <  0.001). The survival was slightly but 
not significantly longer when a DTC coexisted (7.2  months vs 
4.6 months in patients without a DTC, p = 0.18). Considering 
the histotype, survival was longer in patients with squamoid  

ATC (8.8 months) vs 4.4 months in patients with a mixed histo-
logical pattern, 2.1 months in giant cell ATC and 1.3 months in 
spindle cell ATC. The overall survival rate was 51.2% at 6 months 
and 37.2% (16/43) at 1 year.

There were 14/43 (32.6%) long-term ATC survivors (surviv-
ing >2  years) and they were characterized by a significantly 
younger mean age (p  <  0.006, Table  2) with a significantly 
smaller percentage of patients aged more than 70 years. Longer 
survivors were more frequently associated also with the male 
gender, a smaller tumor size and a more frequent coexistence of 
a DTC. All these differences between long-term ATC survivors 
and the other ATC patients, however, were not statistically 
significant (Table 2). The differences regarding the absence of 
extrathyroid extension and stage IVA were nearly significant 
(p  =  0.06), being both more frequent in long-term survivors 
(Table 2).

In the univariate analysis factors associated with lower risk 
of ATC-related death were young age, tumor size ≤6  cm and 
coexistence with DTC, whereas the male gender, extrathyroid 
invasion and non-advanced stage were not significant risk factors 
(Table  3). Only younger age was a significant factor for better 
outcome at the multivariate analysis.
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FigUre 1 | Map of Sicily. The two provinces (Catania and Messina) closer to the MT. Etna volcano are indicated.
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environmental influence on the aTc 
Distribution in sicily
Anaplastic thyroid cancer occurrence was not evenly dis-
tributed on the island of Sicily in spite of similar genetic and 
lifestyle backgrounds and similar access to the National Health  
Service (26).

Because of the limited number of cases, a statistical analysis 
of ATC incidence for each of the nine provinces of Sicily was 
not possible. We first compared the ATC incidence in indus-
trial vs non-industrial areas of Sicily and between residents of 
rural vs urban areas. No difference in ATC incidence was found 
according to these environmental characteristics (p = 0.50 and 
p = 0.52, respectively). In the areas of mild–moderate iodine 
deficiency (all rural) and involving only 4–5% of Sicilian 
inhabitants, no case of ATC was observed in the years between 
2002 and 2009.

When considering separately the province of Catania, where 
Mt. Etna is located and total thyroid cancer incidence is dou bled 
with a highly significant difference in comparison to the rest of 
Sicily (ASRw = 31.7, in women and 6.4 in men in the volcanic 
area vs 14.1 in women and 3.0 in men in the rest of Sicily) 
(p  <  0.001), the ATC ASRw was higher in Catania (0.07/105 
inhabitants/year) than in the other provinces (ASRw = 0.05) but 
the difference between the two areas was not statistically signifi-
cant (p = 0.19). However, when the two provinces closest to Mt. 
Etna were considered together (Catania and Messina, Figure 1) 
the ATC ASRw was significantly higher (0.07/105 inhabitants/
year) in this area than in the rest of Sicily (0.04/105 inhabitants, 
p = 0.048) (Table 4).

comparison of aTc in sicily and Usa
Comparing the epidemiological data of ATCs that occurred in 
Sicily in the period between 2002 and 2009 to those observed 
in the same period in the USA, no significant difference in 
the overall incidence was found (p = 0.08). Also the mean age  
at diagnosis and the female to male ratio were similar in the 
two series.

The median tumor size at diagnosis was slightly smaller in 
Sicily (5.7 vs 6.3). Differences, however, were not statistically 
sig nificant (p  =  0.27). But when only patients younger than 
70  years were considered, the difference in average ATC size 
between Sicily (5  cm) and USA (6.2  cm) became nearly sta-
tistically significant (p =  0.06). In Sicily, a significantly higher 
prevalence of ATCs in stage IVA was observed (37.2 vs 10.1% in 
USA, p < 0.001, Table 1) and this may have influenced survival. 
The survival rate was, in fact, better in Sicily (Figure 2) where the 
median survival was longer (6.8 vs 5.0 months in USA) and also 
survival rates at 6 months (51.2 vs 38.0%) and at 1 year (37.2 vs 
25.0%) were higher (Table 1).

DiscUssiOn

Our study on ATC in Sicily confirms that this cancer is a rare 
but extremely aggressive malignancy. In comparison with DTC, 
ATC in Sicily occurs at a more advanced age (mean age 71.6 vs 
49.0 years for DTC) (33) and with a much lower female to male 
ratio (ATC =  1.4 vs 4.3 for DTC). Age, therefore, is a major 
risk factor and also significantly affects the prognosis: being 
less than 70  years old significantly improves survival at both 
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FigUre 2 | Overall cancer-specific survival. Kaplan–Meier causes for 
cancer-related mortality in Sicily (The Sicilian Regional Register for Thyroid 
Cancers, red) and USA (Surveillance Epidemiology and End Results, blue). 
Anaplastic thyroid cancer patients are subdivided according to age (<70  
or ≥70 years) at diagnosis. The log-rank p-value is significant (0.02) for  
the difference in younger patients (<70 years) but not older ones (0.28).

TaBle 4 | ATC incidence in Sicily and USA.

geographic area n. residents  
(× 1000)

n. cases 
(2002–2009)

incidence 
(asrw)

p

Catania province 1,072 12 0.07 0.19
Rest of Sicily 3,941 31 0.05
Messina province 658 9 0.07 0.23
Rest of Sicily 4,355 34 0.05
Catania + Messina 
provinces

1,730 21 0.07 0.048

Rest of Sicily 3,283 22 0.04
All Sicily 5,013 43 0.05 0.08
USA 295,520 683 0.06
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univariate and multivariate analysis (Table  3). Furthermore, 
gender effect is different between ATC and DTC because the 
worse evolution of the thyroid cancer in males, which is typical 
of DTC (34–36), is not present in ATC (37–39). In our small 
series, the younger age and more prevalent IVA stage may 
have influenced the better survival in male patients relative to 
females.

In our ATC patients, the coexistence with DTC is associated 
with a better survival rate at the univariate analysis (p = 0.03, 
Table 3). Although these data are not confirmed at the multi-
variate analysis, a better prognosis in patients with coexistent 
DTC is possible because it is influenced by the more precocious 
ATC diagnosis, when only one or a few ATC foci are incidentally 
diagnosed at the pathological examination after total thyroid-
ectomy for a DTC. Early diagnosed intrathyroidal ATCs, in 
fact, are expected to have a better prognosis because ATC foci 
are completely excised at surgery. When comparing long-term 
(>2 years) ATC survivors to the other ATC patients (Table 2) 
age was the only significant factor and the cancer stage was 
nearly significant.

The possibility of a thyroid hormone role on favoring cell 
proliferation and ATC via activation of the ERK 1/2 intracellular 

pathway (40) is not supported by our data since no ATC patient 
had a history of hyperthyroidism or l-thyroxine overreplace-
ment after thyroidectomy.

Environmental factors such as iodine deficiency, living 
in industrial areas, and in either the rural or urban environ-
ment do not influence ATC incidence in Sicily. Moreover, the 
comparison of ATC data in Sicily with those obtained in the 
same period (2002–2009) from the SEER series in the USA 
shows very similar epidemiological characteristics in spite of 
the different genetic background, lifestyle, and access to medi-
cal healthcare. This similarity may suggest that the multistep 
oncogenic process leading from DTC to ATC (41–43) is driven 
by chance mutations occurring in an increased replicative situ-
ation (DTC) rather than by environmental influences (44). This 
hypothesis is supported by our observation that ATC incidence 
is higher in the provinces of Sicily closer to the Mt. Etna vol-
canic area. In that area, thyroid cancer incidence is doubled in 
comparison to the rest of Sicily (26, 27, 33, 45). This increase 
is associated with an important environmental pollution with 
metals and metalloids and consequent biocontamination of 
the residents (27). Other volcanic originated pollutants, such 
as sulfur, thiocyanate, sulfur dioxide, and other volcanic gases, 
have been hypothesized to influence molecular and cellular 
mechanisms of thyroid follicular cells favoring cancer (46). 
Although a cause–effect relationship between this biocontami-
nation and increased cancer incidence is not demonstrated, 
environmental factors certainly influence the increase of thyroid 
cancer in volcanic areas (26, 47–49). Since many ATCs occur 
in long-term pre-existing DTCs by de-differentiation (11), the 
increased number of ATCs observed in a population having  
an increased DTC prevalence is in agreement with a minor role 
of environmental factors and the possibility of ATC incidence 
related to DTC incidence. This consideration, however, must 
be considered indirect evidence and does not exclude the pos-
sibility that one or more carcinogens in the volcanic areas can 
directly promote ATC.

One interesting difference between ATC data in Sicily and 
USA concerns the outcome in terms of overall survival: the 
percentage of patients surviving at 6 and 12 months after ATC 
diagnosis is higher in Sicily than in the USA although differ-
ences are not statistically significant (p = 0.09 and 0.08). This 
difference becomes significant when only younger (<70 years) 
patients are considered. Different causes may contribute to the 
longer survival of ATC patients in Sicily, including the smaller 
cancer size in Sicilian ATC patients with age <70 years and the 
less advanced stage at diagnosis (percent of patients with stage 
IV A 37.2 vs 10.1% in USA, p = 0.001). Treatment, of course, 
is also a factor determining survival (50) and precocious and 
aggressive multimodality therapy has been demonstrated to be 
beneficial in the absence of distant metastases (38). Different 
diagnostic and treatment procedures and different access to 
the medical system might be responsible for the differences 
observed between the two countries.

Our study provides no contribution in this regard because 
treatment of the 43 patients was not performed according to 
standardized protocols and the ATA guidelines for management 
of patients with ATC (not yet published when these patients 
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were studied) (11). The heterogeneity of treatment procedures 
is a major limitation of our study since it may have affected 
survival. Other limitations, of course, include the small number 
of cases studied and the limitations common to any retrospec-
tive study.

In conclusion, ATC in Sicily was confirmed as a deadly 
disease with poor long-term survival favored mainly by young 
age, small tumor size, and a non-advanced stage. The influ-
ence of environmental factors in determining ATC incidence 
is probably minor and indirect: carcinogens might rather be 

effective at promoting DTC which, in turn, may favor progres-
sion to ATC.

aUThOr cOnTriBUTiOns

MT, PM, PR, AM, MV, RV and GP gathered data and drafted 
the manuscript; MT and PM performed statistical analysis; MT, 
PM, RV and GP critically reviewed the manuscript. All authors 
contributed to the conception of the work and approved the final 
version of the manuscript.

reFerences

1. Russ G. Risk stratification of thyroid nodules on ultrasonography with the 
French TI-RADS: description and reflections. Ultrasonography (2016) 
35:25–38. doi:10.14366/usg.15027 

2. Pellegriti G, Frasca F, Regalbuto C, Squatrito S, Vigneri R. Worldwide increas-
ing incidence of thyroid cancer: update on epidemiology and risk factors. 
J Cancer Epidemiol (2013) 2013:965212. doi:10.1155/2013/965212 

3. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in thyroid cancer 
incidence and mortality in the United States, 1974-2013. JAMA (2017) 
317:1338–48. doi:10.1001/jama.2017.2719 

4. Nagaiah G, Hossain A, Mooney CJ, Parmentier J, Remick SC. Anaplastic 
thyroid cancer: a review of epidemiology, pathogenesis, and treatment. 
J Oncol (2011) 2011:542358. doi:10.1155/2011/542358 

5. Neff RL, Farrar WB, Kloos RT, Burman KD. Anaplastic thyroid cancer. 
Endocrinol Metab Clin North Am (2008) 37:525–38,xi. doi:10.1016/j.ecl. 
2008.02.003 

6. Ragazzi M, Ciarrocchi A, Sancisi V, Gandolfi G, Bisagni A, Piana S. Update  
on anaplastic thyroid carcinoma: morphological, molecular, and genetic 
features of the most aggressive thyroid cancer. Int J Endocrinol (2014) 
2014:790834. doi:10.1155/2014/790834 

7. Nonaka D, Tang Y, Chiriboga L, Rivera M, Ghossein R. Diagnostic utility  
of thyroid transcription factors Pax8 and TTF-2 (FoxE1) in thyroid epithelial 
neoplasms. Mod Pathol (2008) 21:192–200. doi:10.1038/modpathol.3801002

8. Davies L, Welch HG. Increasing incidence of thyroid cancer in the 
United States, 1973-2002. JAMA (2006) 295:2164–7. doi:10.1001/jama. 
295.18.2164 

9. Dijkstra B, Prichard RS, Lee A, Kelly LM, Smyth PP, Crotty T, et  al.  
Changing patterns of thyroid carcinoma. Irish J Med Sci (2007) 176:87–90. 
doi:10.1007/s11845-007-0041-y 

10. Passler C, Scheuba C, Prager G, Kaserer K, Flores JA, Vierhapper H,  
et  al. Anaplastic (undifferentiated) thyroid carcinoma (ATC). A retro-
spective analysis. Langenbeck Arch Surg (1999) 384:284–93. doi:10.1007/
s004230050205 

11. Smallridge RC, Ain KB, Asa SL, Bible KC, Brierley JD, Burman KD,  
et al. American Thyroid Association guidelines for management of patients 
with anaplastic thyroid cancer. Thyroid (2012) 22:1104–39. doi:10.1089/
thy.2012.0302 

12. Smallridge RC, Copland JA. Anaplastic thyroid carcinoma: pathogenesis 
and emerging therapies. Clin Oncol (2010) 22:486–97. doi:10.1016/j.
clon.2010.03.013 

13. Edge SB, Compton CC. The American Joint Committee on Cancer: the  
7th edition of the AJCC cancer staging manual and the future of TNM.  
Ann Surg Oncol (2010) 17:1471–4. doi:10.1245/s10434-010-0985-4 

14. Kebebew E, Greenspan FS, Clark OH, Woeber KA, McMillan A. Anaplastic 
thyroid carcinoma. Treatment outcome and prognostic factors. Cancer (2005) 
103:1330–5. doi:10.1002/cncr.20936 

15. Hundahl SA, Fleming ID, Fremgen AM, Menck HR. A national cancer 
data base report on 53,856 cases of thyroid carcinoma treated in the U.S., 
1985-1995 [see comments]. Cancer (1998) 83:2638–48. doi:10.1002/(SICI) 
1097-0142(19981215)83:12<2638::AID-CNCR31>3.0.CO;2-1 

16. McIver B, Hay ID, Giuffrida DF, Dvorak CE, Grant CS, Thompson GB,  
et al. Anaplastic thyroid carcinoma: a 50-year experience at a single institution. 
Surgery (2001) 130:1028–34. doi:10.1067/msy.2001.118266 

17. Nel CJ, van Heerden JA, Goellner JR, Gharib H, McConahey WM,  
Taylor WF, et  al. Anaplastic carcinoma of the thyroid: a clinicopathologic 
study of 82 cases. Mayo Clin Proc (1985) 60:51–8. doi:10.1016/S0025- 
6196(12)65285-9 

18. Landa I, Ibrahimpasic T, Boucai L, Sinha R, Knauf JA, Shah RH, et  al.  
Genomic and transcriptomic hallmarks of poorly differentiated and anaplastic 
thyroid cancers. J Clin Invest (2016) 126:1052–66. doi:10.1172/JCI85271 

19. Hyman DM, Puzanov I, Subbiah V, Faris JE, Chau I, Blay JY, et  al.  
Vemurafenib in multiple nonmelanoma cancers with BRAF V600 mutations. 
N Engl J Med (2015) 373:726–36. doi:10.1056/NEJMoa1502309 

20. Vella V, Puppin C, Damante G, Vigneri R, Sanfilippo M, Vigneri P,  
et  al. DeltaNp73alpha inhibits PTEN expression in thyroid cancer cells.  
Int J Cancer (2009) 124:2539–48. doi:10.1002/ijc.24221 

21. Enomoto K, Zhu X, Park S, Zhao L, Zhu YJ, Willingham MC, et  al. 
Targeting MYC as a therapeutic intervention for anaplastic thyroid 
cancer. J Clin Endocrinol Metab (2017) 102(7):2268–80. doi:10.1210/jc. 
2016-3771 

22. Kasaian K, Wiseman SM, Walker BA, Schein JE, Zhao Y, Hirst M, et  al.  
The genomic and transcriptomic landscape of anaplastic thyroid cancer: 
implications for therapy. BMC Cancer (2015) 15:984. doi:10.1186/s12885- 
015-1955-9 

23. Zhao HD, Tang HL, Liu NN, Zhao YL, Liu QQ, Zhu XS, et  al. Targeting 
ubiquitin-specific protease 22 suppresses growth and metastasis of ana-
plastic thyroid carcinoma. Oncotarget (2016) 7:31191–203. doi:10.18632/
oncotarget.9098 

24. Bonhomme B, Godbert Y, Perot G, Al Ghuzlan A, Bardet S, Belleannee G,  
et  al. Molecular pathology of anaplastic thyroid carcinomas: a retro-
spective study of 144 cases. Thyroid (2017) 27:682–92. doi:10.1089/thy. 
2016.0254 

25. Messina RL, Sanfilippo M, Vella V, Pandini G, Vigneri P, Nicolosi ML,  
et al. Reactivation of p53 mutants by prima-1 [corrected] in thyroid cancer 
cells. Int J Cancer (2012) 130:2259–70. doi:10.1002/ijc.26228 

26. Pellegriti G, De Vathaire F, Scollo C, Attard M, Giordano C, Arena S,  
et al. Papillary thyroid cancer incidence in the volcanic area of Sicily. J Natl 
Cancer Inst (2009) 101:1575–83. doi:10.1093/jnci/djp354 

27. Malandrino P, Russo M, Ronchi A, Minoia C, Cataldo D, Regalbuto C,  
et al. Increased thyroid cancer incidence in a basaltic volcanic area is asso-
ciated with non-anthropogenic pollution and biocontamination. Endocrine 
(2016) 53:471–9. doi:10.1007/s12020-015-0761-0 

28. Vigneri R, Malandrino P, Giani F, Russo M, Vigneri P. Heavy metals in the  
volcanic environment and thyroid cancer. Mol Cell Endocrinol (2017) 
457:73–80. doi:10.1016/j.mce.2016.10.027 

29. Russo M, Malandrino P, Addario WP, Dardanoni G, Vigneri P,  
Pellegriti G, et al. Several site-specific cancers are increased in the volcanic 
area in sicily. Anticancer Res (2015) 35:3995–4001. 

30. Vigneri R. Studies on the goiter endemia in Sicily. J Endocrinol Invest (1988) 
11:831–43. doi:10.1007/BF03350239 

31. Regalbuto C, Salamone S, La Rosa GL, Calaciura F, Buscema M,  
Vigneri R. [Iodine deficiency and iodine prophylaxis experience in Sicily]. 
Ann Ist Super Sanita (1998) 34:429–36. 

32. Moleti M, Lo Presti VP, Campolo MC, Mattina F, Galletti M,  
Mandolfino M, et al. Iodine prophylaxis using iodized salt and risk of maternal 
thyroid failure in conditions of mild iodine deficiency. J Clin Endocrinol  
Metab (2008) 93:2616–21. doi:10.1210/jc.2008-0352 

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.14366/usg.15027
https://doi.org/10.1155/2013/965212
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1155/2011/542358
https://doi.org/10.1016/j.ecl.
2008.02.003
https://doi.org/10.1016/j.ecl.
2008.02.003
https://doi.org/10.1155/2014/790834
https://doi.org/10.1038/modpathol.3801002
https://doi.org/10.1001/jama.
295.18.2164
https://doi.org/10.1001/jama.
295.18.2164
https://doi.org/10.1007/s11845-007-0041-y
https://doi.org/10.1007/s004230050205
https://doi.org/10.1007/s004230050205
https://doi.org/10.1089/thy.2012.0302
https://doi.org/10.1089/thy.2012.0302
https://doi.org/10.1016/j.clon.2010.03.013
https://doi.org/10.1016/j.clon.2010.03.013
https://doi.org/10.1245/s10434-010-0985-4
https://doi.org/10.1002/cncr.20936
https://doi.org/10.1002/(SICI)
1097-0142(19981215)83:12 < 2638::AID-CNCR31 > 3.0.CO;2-1
https://doi.org/10.1002/(SICI)
1097-0142(19981215)83:12 < 2638::AID-CNCR31 > 3.0.CO;2-1
https://doi.org/10.1067/msy.2001.118266
https://doi.org/10.1016/S0025-
6196(12)65285-9
https://doi.org/10.1016/S0025-
6196(12)65285-9
https://doi.org/10.1172/JCI85271
https://doi.org/10.1056/NEJMoa1502309
https://doi.org/10.1002/ijc.24221
https://doi.org/10.1210/jc.
2016-3771
https://doi.org/10.1210/jc.
2016-3771
https://doi.org/10.1186/s12885-
015-1955-9
https://doi.org/10.1186/s12885-
015-1955-9
https://doi.org/10.18632/oncotarget.9098
https://doi.org/10.18632/oncotarget.9098
https://doi.org/10.1089/thy.
2016.0254
https://doi.org/10.1089/thy.
2016.0254
https://doi.org/10.1002/ijc.26228
https://doi.org/10.1093/jnci/djp354
https://doi.org/10.1007/s12020-015-0761-0
https://doi.org/10.1016/j.mce.2016.10.027
https://doi.org/10.1007/BF03350239
https://doi.org/10.1210/jc.2008-0352


8

Tavarelli et al. Epidemiology of ATC

Frontiers in Endocrinology | www.frontiersin.org October 2017 | Volume 8 | Article 277

33. Vigneri R, Malandrino P, Vigneri P. The changing epidemiology of thyroid 
cancer: why is incidence increasing? Curr Opin Oncol (2015) 27:1–7. 
doi:10.1097/CCO.0000000000000148 

34. Choi H, Lim JA, Ahn HY, Cho SW, Lee KE, Kim KW, et al. Secular trends in 
the prognostic factors for papillary thyroid cancer. Eur J Endocrinol (2014) 
171:667–75. doi:10.1530/EJE-14-0225 

35. Ito Y, Miyauchi A, Jikuzono T, Higashiyama T, Takamura Y, Miya A,  
et  al. Risk factors contributing to a poor prognosis of papillary thyroid 
carcinoma: validity of UICC/AJCC TNM classification and stage grouping.  
World J Surg (2007) 31:838–48. doi:10.1007/s00268-006-0455-0 

36. Sipos JA, Mazzaferri EL. Thyroid cancer epidemiology and prognostic  
variables. Clin Oncol (2010) 22:395–404. doi:10.1016/j.clon.2010.05.004 

37. Sugitani I, Miyauchi A, Sugino K, Okamoto T, Yoshida A, Suzuki S.  
Prognostic factors and treatment outcomes for anaplastic thyroid carcinoma: 
ATC Research Consortium of Japan cohort study of 677 patients. World J Surg 
(2012) 36:1247–54. doi:10.1007/s00268-012-1437-z 

38. Glaser SM, Mandish SF, Gill BS, Balasubramani GK, Clump DA, Beriwal S. 
Anaplastic thyroid cancer: Prognostic factors, patterns of care, and overall 
survival. Head Neck (2016) 38(Suppl 1):E2083–90. doi:10.1002/hed.24384 

39. Liu TR, Xiao ZW, Xu HN, Long Z, Wei FQ, Zhuang SM, et  al. Treatment  
and prognosis of anaplastic thyroid carcinoma: a clinical study of 50 cases. 
PLoS One (2016) 11:e0164840. doi:10.1371/journal.pone.0164840 

40. Lin HY, Tang HY, Shih A, Keating T, Cao G, Davis PJ, et al. Thyroid hormone 
is a MAPK-dependent growth factor for thyroid cancer cells and is anti- 
apoptotic. Steroids (2007) 72:180–7. doi:10.1016/j.steroids.2006.11.014 

41. Hsu KT, Yu XM, Audhya AW, Jaume JC, Lloyd RV, Miyamoto S, et  al.  
Novel approaches in anaplastic thyroid cancer therapy. Oncologist (2014) 
19:1148–55. doi:10.1634/theoncologist.2014-0182 

42. Penna GC, Vaisman F, Vaisman M, Sobrinho-Simoes M, Soares P.  
Molecular markers involved in tumorigenesis of thyroid carcinoma: focus 
on aggressive histotypes. Cytogenet Genome Res (2016) 150:194–207. 
doi:10.1159/000456576 

43. Nikiforov YE. Genetic alterations involved in the transition from well- 
differentiated to poorly differentiated and anaplastic thyroid carcinomas. 
Endocr Pathol (2004) 15:319–27. doi:10.1385/EP:15:4:319 

44. Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz  LA Jr,  
Kinzler KW. Cancer genome landscapes. Science (2013) 339:1546–58. 
doi:10.1126/science.1235122 

45. Malandrino P, Scollo C, Marturano I, Russo M, Tavarelli M, Attard M, 
et  al. Descriptive epidemiology of human thyroid cancer: experience from 
a regional registry and the “volcanic factor”. Front Endocrinol (2013) 4:65. 
doi:10.3389/fendo.2013.00065 

46. Duntas LH, Doumas C. The ’rings of fire’ and thyroid cancer. Hormones  
(2009) 8:249–53. doi:10.14310/horm.2002.1242 

47. Kolonel LN, Hankin JH, Wilkens LR, Fukunaga FH, Hinds MW.  
An epidemiologic study of thyroid cancer in Hawaii. Cancer Causes Control 
(1990) 1:223–34. doi:10.1007/BF00117474 

48. Hrafnkelsson J, Jonasson JG, Sigurdsson G, Sigvaldason H, Tulinius H. 
Thyroid cancer in Iceland 1955-1984. Acta Endocrinol (1988) 118:566–72. 

49. Truong T, Rougier Y, Dubourdieu D, Guihenneuc-Jouyaux C, Orsi L,  
Hemon D, et al. Time trends and geographic variations for thyroid cancer in 
New Caledonia, a very high incidence area (1985-1999). Eur J Cancer Prev 
(2007) 16:62–70. doi:10.1097/01.cej.0000236244.32995.e1 

50. Rao SN, Zafereo M, Dadu R, Busaidy NL, Hess K, Cote GJ, et  al. Patterns  
of treatment failure in anaplastic thyroid carcinoma. Thyroid (2017) 27:672–81. 
doi:10.1089/thy.2016.0395 

Conflict of Interest Statement: The authors declare that the research was con-
ducted in the absence of any commercial or financial relationships that could be 
construed as a potential conflict of interest.

Copyright © 2017 Tavarelli, Malandrino, Vigneri, Richiusa, Maniglia, Violi, 
Sapuppo, Vella, Dardanoni, Vigneri and Pellegriti. This is an open-access arti-
cle distributed under the terms of the Creative Commons Attribution License 
(CC BY). The use, distribution or reproduction in other forums is permitted, 
provided the original author(s) or licensor are credited and that the original pub-
lication in this journal is cited, in accordance with accepted academic practice. 
No use, distribution or reproduction is permitted which does not comply with  
these terms.

http://www.frontiersin.org/Endocrinology/
http://www.frontiersin.org
http://www.frontiersin.org/Endocrinology/archive
https://doi.org/10.1097/CCO.0000000000000148
https://doi.org/10.1530/EJE-14-0225
https://doi.org/10.1007/s00268-006-0455-0
https://doi.org/10.1016/j.clon.2010.05.004
https://doi.org/10.1007/s00268-012-1437-z
https://doi.org/10.1002/hed.24384
https://doi.org/10.1371/journal.pone.0164840
https://doi.org/10.1016/j.steroids.2006.11.014
https://doi.org/10.1634/theoncologist.2014-0182
https://doi.org/10.1159/000456576
https://doi.org/10.1385/EP:15:4:319
https://doi.org/10.1126/science.1235122
https://doi.org/10.3389/fendo.2013.00065
https://doi.org/10.14310/horm.2002.1242
https://doi.org/10.1007/BF00117474
https://doi.org/10.1097/01.cej.0000236244.32995.e1
https://doi.org/10.1089/thy.2016.0395
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/

	Anaplastic Thyroid Cancer in Sicily: The Role of Environmental Characteristics
	Introduction
	Patients and Methods
	Data Source
	The Sicilian Regional Register for Thyroid 
Cancers (SRRTC)

	SEER Data
	Geographic and Environment Characteristics of Sicily
	Statistical Analysis
	Ethical Approval

	Results
	ATC Incidence and Characteristics 
in Sicily
	Risk Factors and Survival Analysis
	Environmental Influence on the ATC Distribution in Sicily
	Comparison of ATC in Sicily and USA

	Discussion
	Author Contributions
	References


