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Abstract. Intrathyroid iodine level in different types of thyroid neoplasms in
Russia (126 cases) and USA (37 cases) were investigated by X-ray
fluorescent analysis in vitro. A decrease in intrathyroid iodine concentration
is associated with the stepwise loss of differentiation in thyroid tumors. In
colloid goiter tissue from Russia, the intrathyroid iodine level is increased.
The intrathyroid iodine level was markedly increased in microfollicular
adenomas and colloid goiters from American patients which may reflect a
higher iodine supply in the USA. X-ray fluorescent analysis together with
careful clinical appraisal can be used for management of thyroid patients
with suspicious nodules which should be treated by surgery.

1. Introduction

The evaluation of thyroid nodules represents a common and important clinical
problem. The distinction among thyroid hyperplastic nodules, adenomas and
follicular carcinomas is often difficult [1]. Thyroid cancer is the most common of the
endocrine malignancies and represents 0.6-1.6% of all malignant tumors in humans
[2]. Typically, the tumor develops slowly within the thyroid gland. Local metastases
and invasion appear several years after the formation of primary foci. Thyroid
carcinomas can present as thyroid nodules and may be difficult to differentiate from
nodular goiters, adenomas, authoimmune thyroiditis and other benign thyroid
lesions. The differential diagnosis in such cases is based mainly on cytological
examination of thyroid tissue after fine needle aspiration. In certain cases,
particularly in the case of follicular lesions, cytologic evaluation often cannot
differentiate benign from malignant neoplasms [3].

In patients with thyroid neoplasms, normal tissue is replaced by functionally
inactive and iodine-deficient tissue. Iodine content in the thyroid tissue can be
measured in vivo by X-ray fluorescent analysis (RFA). This method is non-invasive,
rapid and inexpensive; it does not require injection of any radioactive compound
and the level of external irradiation is negligible [4]. It has been found that iodine
content in thyroid lesions as measured by the above method is dependent upon the
type of neoplasm. For example, in thyroid cancer, tissue iodine content is low (50-70
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mcg/g tissue) due to the decreased synthesis of thyroglobulin, a major iodine-
containing species in the thyroid gland [5]. Intrathyroidal iodine content also
depends on iodine consumption: in the Moscow area, which is iodine- deficient, the
iodine content in thyroid tissue, measured in vivo, was 380 +/- 50 mcg/g, while in the
iodine-sufficient American population iodine content was 1000 +/- 80 mcg/g [6,7].
The intrathyroid iodine level can be also measured by RFA in vitro in paraffin-
embedded thyroid tissues obtained after surgery. In this case, iodine levels can be
compared with the surgical histology and correlated with the type of thyroid lesion.

The aim of the present study was to evaluate whether the iodine
concentration in thyroid tissue can be used as a factor to predict the probability of
malignancy in thyroid nodules. We also compared iodine levels in thyroid nodule
tissue originating from three geographic regions: Moscow, the Arsenyevo region of
the Tula province (which was contaminated by radioactive fallout after the
Chernobyl accident in 1986) and Albany, New York, USA.

2. Materials and methods

One hundred twenty six patients with thyroid nodules underwent thyroid surgery in
the Surgery Division of the Russian Endocrinology Research Center in Moscow.
Twenty four patients came from the Arsenyevo region of the Tula province,
contaminated by radioisotopes at the time of the Chernobyl accident in 1986. The
density of cesium-137 pollution in this area is 5 - 15 Ci per km2. The diagnosis of
thyroid nodule in these patients was made by palpation, ultrasonography and fine
needle biopsy in the course of the field survey conducted directly in the region. Since
no difference between iodine concentration in the thyroid tumours from Moscow
and Arsenyevo has been found, we combined these data into one group. Thirty-
seven patients with thyroid nodules underwent surgery at Albany Medical Center,
New York, USA. Twenty cases of normal thyroid tissue (e.g., tissue surrounding
nodules) from Russia served as additonal controls. Thyroid tissue specimens derived
from surgical resection were fixed with 10% formalin solution and imbedded in
paraffin blocks. Morphological laboratories in both Moscow and Albany used the
same formalin and paraffin to prepare blocks.

RFA has been developed for measurement of the iodine concentration in
thyroid tissue in vivo and in vitro. Equipment was produced in Russia by the
Research Scientific Institute of Technical Physics and Automation. This technique
involves the use of a collimated source of radiation (241-Am) and a high-resolution
detector to obtain an intensity map of the stable iodine distribution in the
thyroid [4,6].

3. Results and discussion

Intrathyroid iodine levels in different types of thyroid neoplasms in Russia and
USA are listed in the Table 1. The lowest iodine levels were found in malignant
thyroid neoplasms (papillary, mixed papillary-follicular and follicular) from Russia.
In benign thyroid lesions from Russia a statistically significant decrease in iodine
levels was found in fetal and embrional adenomas (p<0.02), while in microfollicular
and B-cell adenomas no difference in intrathyroid iodine levels was detected
compared to normal tissue. These results are consistent with the idea that a decrease
in iodine concentration is associated with the stepwise loss of differentiation in
thyroid tumors. In colloid goiter tissue from Russia iodine level was even higher
than those in normal tissue (p<0.001).
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Table 1. Intrathyroid iodine levels in different types of thyroid neoplasms in Russia
and USA

(Number of group)
Pathology

(I) Papillary carcinoma
(2) Papillary-follicular carcinoma
(3) Follicular carcinoma
(4)Microfollicular adenoma
(S) Fetal adenoma
(6) B-cell adenoma
(7) Embrional adenoma
(8) Nodular colloid proliferative
goiter
(9) Normal tissue
(10) Papillary carcinoma
(\ 1) Microfollicular adenoma
(12) Nodular colloid proliferative
goiter

Region
(number of cases)

Russia (13)
Russia (15)
Russia (12)
.Russia (23)
Russia (16)
Russia (14)
Russia (13)
Russia (20)

Russia (20)
USA (22)
USA (10)
USA (5)

Iodine
concentration
(mcg/g tissue)
206+/-5.0
186+/-8.5
181+/-8.7
376+A24
306+/-21
360+/-46
252+/-17
848+/-8.9

389+/-6.0
102+/-5.0
1112+7-47
J 584+/-] 03

Statistical difference
between groups

1,9 p<0.01
2,9 p<0,001
3,9 p<0,0l
4,9 NS
5,9 NS
6,9 p<0,02
7,9 p<0,02
8,9 p<0.001

....
1,10 p<0,01
11,4 p<0,001
12,8 p<0,001

Intrathyroid iodine level was markedly increased in microfollicular adenomas
and colloid goiters from American patients compared to patients from Russia
(p<0.001). The higher iodine concentration in cases from the USA (benign tumours)
might result from differences in environmental factors between these countries (e.g.,
iodine deficiency in Russia [8]. Strangely enough, iodine levels in papillary
carcinomas from the USA were even lower than in Russian specimens. The reason
for that difference remains obscure.

RFA appears to be a useful noninvasive diagnostic test in differentiating
between malignant and benign thyroid nodules. Intrathyroid iodine levels decrease
in thyroid adenomas and carcinomas and increase in benign nodular goiter.
Carcinomas have the lowest levels, differentiating them from adenomas and other
benign lesions. At the same time, this marker is not specific: iodine levels in thyroid
lesions can be influenced by iodine supply. For that reason, reference values should
be developed for specific countries and/or regions.

For populations in iodine-deficient areas, a localized area of low iodine
content in the thyroid can be specific for malignancies or poorly differentiated
adenomas, which both need surgery. Patients with lesions characterized by a low
thyroid iodine level should be carefully worked up to exclude thyroid malignancy.
At the same time, high or normal iodine levels are signs of benign conditions which
may still require follow up and therapeutic intervention.

4. Conclusions

1. A decrease in intrathyroid iodine concentration is associated with the stepwise
loss of differentiation in thyroid tumours. Localized areas of decreased iodine
content within the thyroid gland may represent poorly differentiated adenomas or
carcinomas. In colloid goiter tissue from Russia, the intrathyroid iodine level is
increased.
2. The intrathyroid iodine level was markedly increased in microfollicular adenomas
and colloid goiters from American patients which may reflect a higher iodine supply
in the USA.
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3. X-ray fluorescent analysis together with careful clinical appraisal can be used for
management of thyroid patients with suspicious nodules which should be treated by
surgery.

References

[1] J. Ruschoff, Diagnostic and Prognostic Significance of Histochemical and Cytochemical methods
in Thyroid Tumours, Exp. Clin. Endocrinol. 101 (1993) 11-16.

[2] A. Schneider, Carcinoma of Follicular Epithelium. In: L.Braverman and R.Utiger (Eds)
The Thyroid, ISBN 0-397-51205-8, J.B.Lippincott Company, Philadelphia, 1991, pp. 1121-1165.

[3] E.C.Ridgway, Clinical Evaluation of Solitary Thyroid Nodules. In: L.Braverman and R.Utiger
(Eds) The Thyroid, ISBN 0-397-51205-8, J.B.Lippincott Company, Philadelphia, 1991,
pp.1121-1165.

[4] I.Tomashevsky, X-Ray Fluorescent Analysis of the Stable Iodine Content in Diagnosis of Thyroid
Diseases, Med.Radiologia, (1991) N 6, 17-20. (In Russian)

[5] T.Tadros, M. Medisey, F.Tavy, P.Turner, The Iodine Concentration in Benign and Malignant
Thyroid Nodules. Measurement by X-Ray Fluorescence, Br. J. Radiol. 54 (1981) 656-629.

[6] I.Tomashevsky, G.Gerasimov, Intrathyroid Iodine Content and Thyroid Function in Nontoxic
Diffuse Goiter, Probl. Endokrinol. 41 (1995), in press. (In Russian)

[7] J.Patton, J.Sandier, C. Partain, Prediction of beningnancy of the solitary "cold" thyroid nodule by
fluorescent scanning. J.Nucl. Med. 26 (1985) 461-470.

[8] G. Gerasimov, Update on IDD in the Former USSR, WD Newsletter 9 (1993) 43-48.

Acknowledgements

Authors would like to acknowledge the Administration of the Tula province for support of field
surveys in Arsenyevo region.

- 820 -


