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than in the other Nordic areas.11 Nevertheless, the 
mortality rates have remained stable during this 30-
year period.11 A further analysis of 480 thyroid tumors 
showed a female-to-male ratio of 2.8 (367 females, 
129 males).12 It is of note that papillary carcinoma 
accounted for 80% of all thyroid malignancies. The 
incidence of papillary tumors remains, at a rate of 
77%, unusually high, particularly when one considers 
that the authors have excluded incidentally diagnosed 
tumors. Cancer of the kidney and CNS tumors were 
significantly increased in both sexes in all families 
with papillary thyroid carcinoma.13 In the case of 
Iceland, although both genetic and environmental fac-
tors have been implicated, no specific environmental 
factor(s) which might explain this phenomenon has 
been identified as yet.14

The presence of active volcanoes that produce 
abundant lava has been considered as the common 
denominator characterizing Hawaii, the Philippines 
and Iceland. Vanadium, a common trace element 
that was found increased in the area around Etna, 
is potentially cytotoxic, especially when zinc and 
selenium are low.15 Recently, a metallomics study 
investigating cancer risk and minerals demonstrated 
that iodine, arsenic, zinc and sodium are positively 
correlated, while selenium and vanadium are inversely 
correlated to cancer, suggesting that these minerals 
contribute to cancer risk.16 Vanadium induces COX-2 
protein expression in the lung carcinoma cell line via 
Epidermal Growth Factor (EGF) and the p38 MAPK 
signaling pathway.17

Iodine through dietary intake or therapeutically 
administered can influence the pathogenesis of dif-

vironmentally ‘burdened’, exposing the people living 
in this zone to increased risk for TC. Furthermore, 
in a retrospective analysis of 72 Filipino patients who 
were thyroidectomized because of nodular goiter, TC 
was detected in 69.4% as compared to 38.9% in a 
group of 72 controls matched for various factors, this 
underlining the increased risk for thyroid malignancy 
in Filipino subjects.8

Another study conducted in the USA included 
7,696 patients with newly diagnosed thyroid cancer 
reported to the SEER registry between 1973 and 1981.9 
Striking differences in TC among the various ethnic 
groups were detected. Thus, Puerto Rico Hispanics 
and Blacks had significantly lower thyroid cancer rates 
than New Mexico Hispanic men, Chinese, Japanese, 
Hawaiian and Filipino men and women. Residents 
of Hawaii had the highest thyroid cancer rate in the 
USA, regardless of ethnic group, suggesting that local 
environmental factors, such as the presence of vol-
canic lava, together with socio-economic factors may 
significantly contribute to thyroid tumorigenesis.

The Atlantic-Mediterranean Ring

Volcanoes in Iceland constitute another ring of 
volcanoes coinciding with the ‘colliding’ tectonic plate 
boundaries that extend along the Mid-Atlantic Ridge 
and the Azores. These become even more dense along 
the length of the south-eastern part of the Mediter-
ranean Sea and include in particular the volcanoes 
of Etna and Vesuvius in Italy and the volcano-island 
of Thera in the Aegean Sea (big and small Kameni 
in the Caldera), all of which have emerged within 
the past several millennia. These volcanoes are of 
the basaltic type characterized by fissured lava and 
a higher permeable layer.

The annual incidence rate of TC in Iceland is 
the highest in Europe and among the highest in the 
world. The Icelandic Cancer Registry reported an 
incidence for the period 1955-1984 of 4.4/100,000 
men and 11.7/100,000 women, a rate that is double 
that of the other Nordic countries.10 A 30-year ret-
rospective study on the incidence of TC in Iceland, 
also encompassing the years 1955-1984 and includ-
ing 406 registered cases, reported an incidence of 
9.5/100,000 for females and 3.4/100,000 for males, 
which, again and as noted above, is two-fold higher 

Table 1. Trace elements associated with volcanic activity and po-
tentially implicated in thyroid tumorigenesis.

Trace Elements	 Status	 First Author	 Reference

Vanadium	 increased	 Zwolak I	 15

Selenium	 decreased	 Zwolak I	 15

Zinc*	 decreased	 Zwolak I	 15

Iodine	 increased	 Smyth PPA	 17

Cadmium	 increased	 Yasuda H	 16

Sulphur TCN	 increased	 Varnavas S	 18

TCN= thiocyanates

*Zink concentrations were found highly increased in the hydro-
thermal waters of Santorini19.




