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ABSTRACT

Thyroid Cancer. Studies on Etiology and Prognosis

Ame Hallquist, M.D., Department of Oncology, University Hospital, S-901 85 Umeå, Sweden.

This dissertation was performed to elucidate the importance of different prognostic and 
etiological factors in thyroid cancer.

Thyroid cancer constitutes about 1% of all malignant tumours and the incidence is increasing in 
Sweden. It is rare in children before the age of 10. During puberty the female to male ratio 
increases to be two to three times more common in females. The ratio remains constant until 
menopause and thereafter declines. The etiology of this gender-dependent incidence difference 
is unclear. Ionizing radiation is the only well-established risk factor for the disease, while the 
impact of other etiological factors is not clear.

A retrospective study based upon medical records of 218 females and 91 males with papillary, 
mixed or follicular types of thyroid cancer was conducted. Prognostic factors were compared 
by multivariate analysis using Cox's semiparametric hazard model. Differences in prognosis 
between women and men were found. There was a higher relapse rate and mortality risk 
among men. Distant metastasis, age >50 years, regional lymph node metastasis, low or 
moderate differentiation, and tumour related symptoms at diagnosis were also independent 
factors related to increased tumour mortality risk.

A population-based case-control study including 180 cases and 360 controls was carried out to 
identify risk factors for thyroid cancer. Information on exposure was obtained by mailed 
questionnaires. The first part of the study investigated connections between medical ionizing 
radiation and thyroid cancer. The results showed that diagnostic X rays were a significant risk 
factor for papillary thyroid cancer in women between 20 and 50 years at diagnosis. Exposure 
to iodine-131 caused no increased risk for thyroid cancer. The result supports that external 
radiotherapy is a risk factor for thyroid cancer in women.

The second part of the case-control study dealt with occupation and different exposures. Work 
with diagnostic X-ray investigations and work as a lineman was associated with thyroid cancer. 
Exposure to impregnating agents increased the risk.

The third part of this study showed that one pregnancy increased the risk for papillary thyroid 
cancer. A medical history of asthma or allergy decreased the risk.

Another case-control study using medical records as the source for assessment of exposure 
gave a non significantly increased risk for thyroid cancer in patients who had been treated with 
external radiotherapy including the thyroid gland.

Key words: Thyroid cancer, prognostic factors, etiology, occupation, medical ionizing 
radiation, reproductive, and family factors.
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ABSTRACT

Thyroid Cancer. Studies on Etiology and Prognosis

Ame Hallquist, M.D., Department of Oncology, University Hospital, S-901 85 Umeå, 
Sweden.

This dissertation was performed to elucidate the importance of different prognostic and 
etiological factors in thyroid cancer.

Thyroid cancer constitutes about 1% of all malignant tumours and the incidence is 
increasing in Sweden. It is rare in children before the age of 10. During puberty the female 
to male ratio increases to be two to three times more common in females. The ratio remains 
constant until menopause and thereafter declines. The etiology of this gender-dependent 
incidence difference is unclear. Ionizing radiation is the only well-established risk factor for 
the disease, while the impact of other etiological factors is not clear.

A retrospective study based upon medical records of 218 females and 91 males with 
papillaiy, mixed or follicular types of thyroid cancer was conducted. Prognostic factors 
were compared by multivariate analysis using Cox's semiparametric hazard model. 
Differences in prognosis between women and men were found. There was a higher relapse 
rate and mortality risk among men. Distant metastasis, age >50 years, regional lymph node 
metastasis, low or moderate differentiation, and tumour related symptoms at diagnosis 
were also independent factors related to increased tumour mortality risk.

A population-based case-control study including 180 cases and 360 controls was carried 
out to identify risk factors for thyroid cancer. Information on exposure was obtained by 
mailed questionnaires. The first part of the study investigated connections between medical 
ionizing radiation and thyroid cancer. The results showed that diagnostic X rays were a 
significant risk factor for papillaiy thyroid cancer in women between 20 and 50 years at 
diagnosis. Exposure to iodine-131 caused no increased risk for thyroid cancer. The result 
supports that external radiotherapy is a risk factor for thyroid cancer in women.

The second part of the case-control study dealt with occupation and different exposures. 
Work with diagnostic X-ray investigations and work as a lineman was associated with 
thyroid cancer. Exposure to impregnating agents increased the risk.

The third part of this study showed that one pregnancy increased the risk for papillary 
thyroid cancer. A medical history of asthma or allergy decreased the risk.

Another case-control study using medical records as the source for assessment of exposure 
gave a non significantly increased risk for thyroid cancer in patients who had been treated 
with external radiotherapy including the thyroid gland.

Key words: Thyroid cancer, prognostic factors, etiology, occupation, medical ionizing 
radiation, reproductive, and family factors.
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Chapter 1. Original Papers

This thesis is based on the following studies, which will be referred to in the text by their 
Roman numerals.

I. Thyroid Cancer of Papillary, Follicular, or Mixed Types - Differences in 
Clinical Outcome and Prognostic Factors among Women and Men.
Hallquist A, Boquist L, Tavelin B. Submitted.

ü. Medical Diagnostic and Therapeutic Ionizing Radiation and the Risk for 
Thyroid Cancer: A Case-Control Study.
Hallquist A, Hardell L, Degerman A, Wingren G, Boquist L.
Eur J Cancer Prev 1994;3: In press.

m. Occupational Exposures and Thyroid Cancer: Results of a Case-Control Study.
Hallquist A, Hardell L, Degerman A, Boquist L.
Eur J Cancer Prev 1993;2:345-349.

IV. Thyroid Cancer - Reproductive Factors, Previous Diseases, Drug Intake,
Family History, and Diet: A Case-Control Study.
Hallquist A, Hardell L, Degerman A, Boquist L. Submitted.

V. Externa] Radiotherapy Prior to Thyroid Cancer: A Case-Control Study.
Hallquist A, Hardell L, Löfroth P-O.
Int J Rad Oncol Biol Phys 1993;27:1085-1089.
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Chapter 2. Introduction

Occurrence

Thyroid cancer is an uncommon disease and constitutes about one percent of all malignant 
tumours. Throughout the world there is a two-to-three fold higher incidence of thyroid 
cancer among women as compared with men, especially under 50 years of age (Brennan,
1985, Preston-Martin et al, 1987, Akslen et al, 1990). In Sweden the age standardized 
incidence was 5.3 in females and 2.3 in males per 100,000 and year during 1975-89 
(Swedish Cancer Registry). The majority of the cases occurs between 25 and 65 years of 
age (Brennan, 1985), and it is rare before 20 (Winship and Rosvoll, 1970, de Keyser and 
van Herle, 1985). In children before the age of 10 there is little difference in thyroid cancer 
incidence according to gender.

During puberty the female to male ratio increases to be two to three times more common in 
females. The ratio remains constant until menopause and thereafter declines to 1.5 at the 
age of 65 (Waterhouse et al, 1982). The cause of this gender-dependent difference in 
incidence is unclear although hormonal factors have been suggested.

The prognosis of most thyroid cancers is good, and according to the Swedish Cancer 
Registry, the mortality rate in Sweden was 0.9 per 100,000 and year during the period 
1975-89. The age of the patient at the time of diagnosis is often described as a prognostic 
factor. Younger patients have a more favourable prognosis (Byar et al, 1979, Carcangiu et 
al, 1985, Tubiana et al, 1985, Joensuu et al, 1986, Kerr et al, 1986, Tennvall et al, 1985,
1986, Schelfhout et al, 1988, Akslen et al, 1991, Müeller-Gaertner et al, 1991), although 
late recurrence and death are seen in this group of patients and a long-term follow-up is 
needed (Tubiana et al, 1985). Other factors that have been considered of prognostic value 
are gender, stage and histopathological type (Franssila, 1975, Carcangiu et al, 1985, 
Leeper, 1985, Joensuu et al, 1986, Simpson et al, 1987, 1988, Akslen and Myking, 1992). 
Women often have a more favourable prognosis than men (Byar et al, 1979, Tubiana et al, 
1985, Joensuu et al, 1986, Kerr et al, 1986, Tennvall et al, 1985, 1986, Schelfhout et al, 
1988, Müeller-Gaertner et al, 1991).

Histopathological subtypes

Thyroid cancer can be classified by histopathological examination into the following main 
groups: papillaiy, follicular, medullary and anaplastic cancer. In addition to these main
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groups the histopathological classification also includes Hiirthle cell cancer and squamous 
cell cancer. Other malignancies of the thyroid are lymphoma, sarcoma and metastatic 
tumours.

Papillary thyroid cancer is the most common type and constitutes 60-70% of all thyroid 
cancers. It is found in all ages and is two-to-four times more frequent among women than 
in men. It also has the best prognosis of the differentiated thyroid cancers. In different 
studies the 10-year survival rate varies from 60 to 95 percent (Woolner, 1971, Franssila, 
1975, Mazzafeni and Oertel, 1983). Mixed papillary-follicular thyroid cancer is usually 
classified as a papillary tumour (Hedinger et al, 1988).

Follicular thyroid cancer occurs in about 20% of all malignant thyroid tumours. Patients 
are usually 50-60 years old at diagnosis. This tumour also affects women two-to-three 
times more frequently than men (Cady et al, 1976, Franssila et al, 1981, Mazzaferri and 
Oertel, 1983). The prognosis of the follicular type is somewhat worse than of the papillary 
type (Woolner, 1971, Clark and Goldman, 1975).

Medullary thyroid cancer occurs in a sporadic and in a familial variant, and makes up about 
4-10% of all thyroid cancers (Saad et al, 1984, Kakudo et al, 1985).

Anaplastic thyroid cancer affects mainly elderly patients and constitutes about 10% of all 
malignant thyroid cancers. The tumour is one of the most aggressive malignancies in man 
and patients often die from suffocation due to local tumour infiltration. Few patients 
survive more than one year and the median survival in previous reports was 3 to 6 months 
(Tallroth et al, 1987, Tennvall et al, 1990).

Treatment

There are different opinions about the treatment of thyroid cancer. Papillary thyroid 
cancer generally has a favourable prognosis, and there is a controversy about the extent of 
surgery. Lobe-ectomy instead of total thyroidectomy in order to reduce occurrence of 
hypothyroidism and damage of the recurrent laryngeal nerve is often recommended (Cady, 
1981, Carcangiu et al, 1985, Schroder et al, 1986). Others favour total or near total 
thyroidectomy to reduce the need of radiotherapy (Mazzaferri and Young, 1981, Clark et 
al, 1988). The mixed papillary-follicular type has been included in the papillary group and 
thus treated as papillary thyroid cancer (Hedinger et al, 1988).
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In follicular thyroid cancer total thyroidectomy is most often advocated, however there is 
a disagreement regarding the extent of radioiodine treatment or ablation therapy 
(Mazzaferri and Oertel, 1983, Simpson et al, 1988). Thyroxin-therapy in doses high enough 
to suppress thyreotropin (TSH) levels in serum is recommended in both papillary and 
follicular thyroid cancer (Crile, 1980, Young et al, 1980, Clark, 1981).

The treatment advocated in medullary thyroid cancer is total thyroidectomy, sometimes 
together with modified radical neck dissection (Rougier et al, 1983, Russel et al, 1983).

In anaplastic thyroid cancer surgery, radiation therapy or chemotherapy alone can seldom 
control the disease (Aldinger et al, 1978, Venkatesh et al, 1990). Combined treatment, that 
is hyperfractionated radiotherapy together with chemotherapy and surgery, is described by 
some authors to improve the control of the local disease and also the quality of life 
(Tallroth et al, 1987, Tennvall et al, 1990).
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The etiology of papillaiy and follicular thyroid cancer has been the concern in many 
epidemiological studies. Ionizing radiation is the only established risk factor, while the 
etiology otherwise is not so well understood. Today there is an intense discussion about the 
role of low-dose ionizing radiation. Awareness about radioactivity around nuclear power 
plants, the handling and disposal of nuclear waste materials and elevated levels of radon 
daughters in many geographical areas has increased the scientific efforts to better 
understand radiation carcinogenesis. Much more knowledge is needed about other 
etiological factors in the genesis of thyroid cancer, however.

Nuclear fall out

The first report of radiation induced cancer was published almost a century ago (Frieben, 
1902) and exposure to ionizing radiation is a well established risk factor for thyroid cancer 
in human beings.

An important source for information on radiation carcinogenesis including thyroid cancer is 
A-bomb survivors. The Japanese populations in Hiroshima and Nagasaki was exposed to 
radiation from atomic bombs in 1945. The population of 100,000 survivors of the atomic 
blast in 1945 has been followed by the Radiation Effect Research Centre (RERF) for more 
than 30 years. This cohort has served as a major source of data used for cancer risk 
estimations (BEIR-IV, 1988). Early studies of radiation-induced cancer have primarily 
focused on the association between cancer mortality and radiation exposure. These 
mortality studies are valuable but death certificates do not provide adequate information 
about tumours with high survival rates. Thus a complete picture of radiation-induced 
cancer is best described by using both incidence and mortality data. The increase was 
greater among women than in men (Prentice et al, 1982), and thyroid cancer had the 
highest estimated risk of the solid tumours. A predominantly linear dose-response curve 
was demonstrated, and a correlation with levels of gamma-radiation in the thyroid gland 
was described. Age at exposure, but not gender, had a strong effect on the dose-response. 
Persons exposed at younger age had significantly higher risk estimates than those exposed 
at older age. Children under 10 had more than three times greater risk of developing 
thyroid cancer. This is in accordance with previous studies showing that the young thyroid 
is extremely radiosensitive (Shore et al, 1985, Hawkins and Kingston, 1988, de Vathaire et
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al, 1988, Fürst et al, 1988, Ron et al, 1991). In the 1950s and 1960s many civilians near 
nuclear test stations were exposed to nuclear fallout including long-lived radioactive 
isotopes. In 1954, following nuclear detonation in the Bikini atoll, 250 inhabitants of the 
Marshall Islands were exposed to radioactive fallout with external beta- and gamma- 
radiation as well as various radioiodines. The greatest part of the radioiodine dose to the 
thyroid gland consisted of short-lived iodine-133 and iodine-135. The Marshall Islanders 
have later been found to have an increased risk of thyroid cancer (Conard et al, 1970, 
Hamilton et al, 1987).

The accident of Chernobyl in 1986 lead to a fallout of primarily cesium-13 7 and iodine- 
131, with the largest release of iodine-131. Reports on the medical effects of the Chernobyl 
disaster show an increase of 25-33% of all cancer registration in Byelo-Russia. The 
numbers of thyroid cancers and leukaemia are increasing (Brennan, 1990). There is, 
however, an uncertainty about the impact of this early increase of thyroid cancer since 
radiation-induced thyroid cancer is considered to have a longer latency period. Another 
investigation reported the same incidence and prevalence of thyroid nodules for populations 
from highly contaminated and control settlements, four and a half year after the Chernobyl 
accident (Mettler et al, 1992). In Ukraine the thyroid radiation dose of iodine-131 was 
studied in May-June 1986, and the cumulative irradiation dose was estimated. Possible late 
sequelae have been estimated and may account for an excess of 1,060 and 300 thyroid 
cancers during the whole life for subjects exposed as children and adults, respectively 
(Romanenko et al, 1991).

External Radiotherapy

The association of thyroid cancer with radiation treatment for benign clinical conditions 
was first described in the late 1940s and early 1950s (Quimby and Werner, 1949, Duffy and 
Fitzgerald, 1950). Duffy and Fitzgerald (1950) found that 10 of 28 children who had been 
treated with X rays for thymic enlargement later developed thyroid cancer. Since then 
numerous reports have shown an increased risk for thyroid cancer, usually of the papillary 
type, associated with radiotherapy of benign diseases (McTieman et al, 1984a, Shore et al, 
1985, Fjälling et al, 1986, Schneider et al, 1986, Ron et al, 1987, Samaan et al, 1987, 
Yoshida et al, 1987, Fürst et al, 1988, Ron et al, 1988). The estimated radiation dose has 
been in the range of 0.002 - 50.9 Gy (Fjälling et al, 1986, Yoshida et al, 1987). Incidence 
rates of 6-7% of irradiation-induced thyroid cancer among exposed individuals are reported 
(Refetoff et al, 1975, Schneider et al, 1980). Ron and Modan (1980) calculated a risk ratio 
of 3-8 for thyroid cancer in children with scalp irradiation dependent on age at time of the 
treatment. The radiation dose to the thyroid gland was 0.04-0.17 Gy with a mean dose of
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0.09 Gy (Ron and Modan, 1984). Cancer incidence increases with age and a long latency 
period is seen between the time of exposure and the appearance of thyroid cancer. Age at 
the time of exposure is imponant in radiation carcinogenesis, and cancer risk decreases 
with increasing age at exposure (Shimizu et al, 1990). Recent studies have shown that 
gender has little influence on radiation-induced thyroid cancer since cancer in exposed 
populations has the same gender-ratio as in non-exposed populations (UNSCEAR, 1988, 
BEIR-V, 1990).

Studies concerning radiation of malignant diseases as a risk factor for thyroid cancer are 
more sparse (Moroff and Fuks, 1986, McHenry et al, 1987). McDougall described 1980 
three patients with secondary thyroid cancer 9-13 years after mantle-irradiation for 
Hodgkin's disease. The radiation doses were 30-41 Gy (McDougall et al, 1980).

The risk estimations for developing thyroid cancer after ionizing radiation exposure have a 
considerable degree of uncertainty, especially for low doses. Three différent low-dose 
response models have been discussed. In the linear-response model the effect is 
proportional to the dose, in the quadratic model the effect is proportional to the square of 
the dose and in the linear-quadratic model the effect is proportional to the linear model at 
low doses up to the level of 1 Gy, and to the quadratic model at doses higher than 1 Gy 
(BEIR-in, 1980, BEIR-V, 1990). Based on data for the risk of thyroid cancer after 
irradiation of benign conditions, a linear dose-response relationship seemed to exist, 
although the linear-quadratic curve could not be ruled out (Shore et al, 1985, 1993). High 
radiation doses have been considered to destroy precancerous cells (Maxon et al, 1977). 
Studies on low-dose exposure is based mainly on populations living in areas with high 
natural background radiation and occupational exposure. Few of these studies on low-dose 
exposure (<0.5 Gy) have observed elevated cancer risks (Wing et al, 1991). Most data on 
cancer risks after low-dose exposure are derived from extrapolation from high-dose 
investigations.

Iodine-131

The possible carcinogenetic effect of iodine-131 in human beings has been the subject of 
intense scientific research. Radioactive iodine was first produced in A-bomb experiments in 
USA in the 1930s. Some years later in the 1940s it was introduced in the medical field 
(Hamilton and Lawrence, 1942, Hertz and Roberts, 1942). Since then iodine-131 has been 
used for diagnostic examination of the thyroid gland, for treatment of hyperthyroidism and 
thyroid cancer. Several hundred thousand patients have been exposed to iodine-131.
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In animal experiments (CBA-mice, Long-Even rats) iodine-131 is an efficient cancer 
inducer (Lee et al, 1982), although one tenth to one fourth as effective as equivalent doses 
of X rays in producing thyroid tumours (Walinder et al, 1972).

Epidemiological studies are preferable as information source on cancer risks in human 
beings. In a Swedish study no elevated risk for thyroid cancer was found among 35,074 
patients examined with diagnostic doses of iodine-131 and followed for 10 years or more 
(Holm et al, 1988). Several studies on cancer risks after therapeutic doses with iodine-131 
have not found any association between increased risk for thyroid cancer and exposure to 
iodine-131 (Hoffinan, 1984, Edmonds and Smith, 1986, Holm et al, 1991).

Occupation

An association between occupation and thyroid cancer has been described among women 
employed in the textile-industry in North Carolina (Delzell and Grufferman, 1983). In a 
Swedish register study of textile workers an increased risk for thyroid cancer among men 
but a decreased risk among women is found (Carstensen et al, 1990). There is also an 
increase of thyroid cancer among farm labourers in Hawaii, and potential exposure to 
phenoxyacetic acid herbicides is discussed (Kolonel et al, 1990). In a large international 
study of workers exposed to phenoxyacetic acids or chlorophenols, four died in thyroid 
cancer giving a standard mortality rate (SMR) of 462 with 95% confidence interval 
(CI)=100-940 (Saracci et al, 1991). In a recent Swedish study linkage between data from 
registers on cancer and occupation (Swedish Cancer-Environment Register) shows an 
increased risk for thyroid cancer among X-ray operators and laboratory assistants. An 
elevated risk is also found for drivers, pharmacists, workers in canning and preserving 
industries and in the petroleum industry (Carstensen et al, 1990).

Hormones

The only established cause of thyroid cancer, ionizing radiation, can not explain the 
difference in occurrence between women and men (Ron and Modan, 1980, Prentice et al, 
1982). Female sex hormones, oestrogen and progesterone, are suggested to be risk factors 
for thyroid cancer in women. It has been postulated that elevated levels of endogenous 
female sex hormones lead to elevated levels of thyroid stimulating hormone (TSH) which 
promotes thyroid hyperplasia and increases the risk of thyroid cancer (Preston-Martin et al, 
1987). TSH is also elevated during pregnancy. In one study the relative risk (RR) for 
thyroid cancer increased with the numbers of pregnancies and became significant in women 
who had had three or more pregnancies (RR=3.0, p<0.01, Preston-Martin et al, 1987).
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Late age at first and last births has also shown an association with increased risk of thyroid 
cancer (Franceschi et al, 1990). Some studies find a correlation between miscarriage and 
thyroid cancer (Ron et al, 1987, Kolonel et al, 1990). Miscarriage at first pregnancy is 
strongly related to an increase of thyroid cancer risk (RR=11.5, p<0.01, Preston-Martin et 
al, 1993). The increased risk related to miscarriage could be due to an underlying thyroid 
disease, i.e., a hormonal etiology. Long reproductive history, early menarche and late 
menopause increase the risk for papillary thyroid cancer but decrease the risk for the 
follicular type of thyroid cancer (Akslen et al, 1992).

Use of oral contraceptives was associated with a slightly elevated risk of thyroid cancer 
(RR=1.6, 95% 0=0.98-2.5, McTieman et al, 1984b). This association was later verified in 
one study (Preston-Martin et al, 1987) but not in another (Ron et al, 1987). A recent 
Norwegian study found that certain reproductive factors such as number of pregnancies, 
long reproductive history and use of oral contraceptives slightly increase the risk of thyroid 
cancer. The higher incidence of thyroid cancer in women can not be explained only by child 
bearing since childless women also have an increased risk for thyroid cancer as compared 
with men (Kravdal et al, 1991).

Other factors

Several case-control studies during the last decades have tried to identify other risk factors 
of importance in the etiology of thyroid cancer. The results, however, are somewhat 
uncertain.

Thyroid cancer associated with prior benign thyroid disease is described in two independent 
case-control studies (Ron et al, 1987, Kolonel et al, 1990). Franceschi et al (1990) found 
that goitre was more commonly reported among cases than controls (RR=5.6, 95% 
CI=2.1-14.8) while family history for goitre was not significantly related to increased risk 
for thyroid cancer.

Recent studies on dietary habits such as intake of seafood, especially shellfish and dietary 
iodine, show an association with thyroid cancer (Ron et al, 1987, Kolonel et al, 1990, 
Akslen et al 1992), whereas consumption of goitrogenic vegetables (cabbage, cauliflower 
and broccoli) appeared to reduce the risk for thyroid cancer (Ron et al, 1987, Kolonel et al, 
1990). However, results contradictory to these findings are reported in an Italian case- 
control study showing a protective association with both green vegetables and fish. An 
increased risk was seen for sausages, poultry and chicken. Influence of single dietaiy
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factors may depend on the general dietary pattern in the population thus giving different 
and somewhat contradictory results (Franceschi et al, 1989).

Endemic occurrence of thyroid cancer has been described for populations living on islands 
(Hawaii, Iceland and Cook Islands) or near coasts (Norway), where seafood consumption 
and iodine intake are high. In the high-risk populations the female-male ratio is maintained 
(Kolonel et al, 1990). A recent Norwegian case-control study shows an increase of 
papillary thyroid cancer in a population with high and regular intake of fish (Glattre et al, 
1993).

For females both adolescent and adult obesity is related to increased risk of thyroid cancer. 
Women whose weight was 60-66 kg had twice the risk of developing thyroid cancer than 
women whose weight was 52 kg or less (McTieman et al, 1984b). These results were later 
confirmed (Ron et al, 1987). However, for men, obesity did not increase the risk (Ron et al, 
1987). In Chinese women living in Shanghai an increased risk of thyroid cancer was related 
to the gain of weight from menarche to highest weight, pregnancy not included, with an 
OR=2.0 (95% CI=1.1-3.7) for weight gain > 19 kg (Preston-Martin et al, 1993).
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Chapter 4. Aims of the Study

The aims of the present study on thyroid cancer were to

- evaluate clinical outcome and prognostic risk factors in papillary, follicular and mixed 
thyroid cancer;

- evaluate the etiological role of diagnostic and therapeutic ionizing radiation;

- analyse etiological factors regarding occupation, occupational exposure and smoking;

- estimate the influence of previous disease, family history, intake of food, drugs, and 
reproductive history on thyroid cancer incidence.
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Chapter 5. Materials and Methods

This dissertation is based upon a retrospective clinical study (paper I), a population-based 
case-control study (papers II-IV), and another case-control study using medical records 
(paper V). The different methods used are presented below.

Retrospective clinical study (paper I)

This study encompassed all 433 patients (298 females and 135 males) with thyroid cancer 
diagnosed between 1970-87 and treated at the Department of Oncology, University 
Hospital in Umeå, Sweden. The mean population in the catchment area was 902,000. 
Medical records, radiation dose-records, surgical and histopathological reports of all cases 
were scrutinized. No patient was lost in the follow-up, which ranged from 1-18 years. The 
tumour-staging was based on the TNM-classification system (Hermanek and Sobin, 1992). 
Patients not possible to retrospectively stage were TNM-scored as X. The original 
histopathological diagnoses had been made by different pathologists at different 
departments of pathology. The whole material was re-examined by the endocrine 
pathologist at the University of Umeå, Sweden. When needed new sections were prepared 
and stained. In 49 cases the re-examination was based upon fine-needle aspiration cytology. 
The tumours were classified according to the revised World Health Organisation (WHO) 
recommendations except for the mixed type which was classified as a separate entity 
(Hedinger et al, 1988).

After re-examination 10 patients were excluded from the study. Two patients with papillary 
and 5 patients with follicular tumours were reclassified as adenomas, two anaplastic 
tumours were reclassified as malignant lymphomas, and one case of adenocarcinoma was 
excluded because of primary location outside the thyroid gland.

The study finally encompassed 309 patients, 218 females and 91 males with papillary, 
follicular, or mixed thyroid cancer. The remaining 124 patients with other histopathological 
types were not included. Papillary type was found in 129 women and 53 men, follicular in 
50 women and 22 men, and mixed in 39 women and 16 men. Among these patients 
diagnosis based upon fine-needle aspiration cytology encompassed only 8 women and 6 
men.
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Statistical methods

Mortality in thyroid cancer was estimated and separated from mortality in other malignant 
diseases and intercurrent deaths. The patients were stratified according to histopathological 
type, age, gender, stage, distant métastasés, grade of differentiation and tumour-related 
symptoms at diagnosis (hoarseness, pressure, dysphagia, dyspnoea and pain). These 
potential prognostic factors were compared by multivariate analysis. Cox's semiparametric 
hazard-model (logistic regression) was used (Byar, 1982). Survival rate was calculated by 
the Kaplan-Meyer method.

Case-control study (papers II-IV)

Cases

This part of the investigation was based upon all living inhabitants in the four most northern 
counties in Sweden, i.e., Norrbotten, Västerbotten, Jämtland and Västernorrland, during 
the period 1980-89. All cases of both genders with thyroid cancer aged 20-70 years at the 
time of diagnosis were drawn from the Swedish Cancer Registry. In total 232 patients were 
identified. Forty-four (19%) were deceased and excluded from the present investigation. 
The histopathological diagnoses of the remaining 188 patients were re-examined by the 
endocrine pathologist at the University Hospital in Umeå, Sweden. Seven patients were 
reclassified as having other diseases than thyroid cancer and were excluded. One patient 
died shortly before the interview and was also excluded. The investigation finally 
encompassed 180 living patients.

Controls

For each case the two controls closest in age and of the same gender were drawn from the 
Swedish National Population Registry. Each control was living in the same county of 
Sweden as the index case. The study finally included 540 persons, 180 cases and 360 
controls.

Assessment of exposure

Information on exposure was obtained by a 13-page questionnaire mailed to all cases and 
controls. There were no specific questions regarding thyroid cancer in the questionnaire. If 
the answers were incomplete or if the questions were obviously misunderstood, data were
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complemented over the phone by a trained interviewer without knowledge if the person 
was a case or control. The results are presented in papers II-IV.

In paper II the results regarding exposure to ionizing radiation are described. To estimate 
diagnostic or therapeutic exposure to iodine-131, questions were asked about medical 
indication and year of exposure. Information on diagnostic medical and dental X rays was 
requested together with a specification of the organ or part of the body examined. For all 
exposures a minimum latency period of five years was used, i.e., exposures during 5 years 
prior to the diagnosis were disregarded. A validation of the self-reported exposure to 
radiotherapy and iodine-131 was performed by examination of medical records.

In paper m  questions concerning place of residence for more than one year and 
occupational histories are reported. Details on specific occupations and exposures to 
different agents including smoking habits were collected. Exposure to organic solvents had 
occurred both in occupations and during leisure time and was thus divided into different 
categories in the analysis.

In paper IV questions regarding reproductive history, previous diseases, and family history 
of diseases are presented. This section also contained questions about dietary habits and 
intake of medicine.

Statistical methods

Exposure factors in the questionnaire were analysed with univariate, and when fulfilling 
certain criteria, multivariate methods (logistic regression). The statistical analysis of the 
data was based on the Mantel-Haenszel method for the calculation of odds ratio (OR) by 
stratification on gender and age (Mantel and Haenszel, 1959). The 95% Cl was calculated 
in accordance to Cornfield (Breslow and Day, 1980). Both in the univariate statistical 
methods and in the multivariate logistic regression the analyses were accomplished with the 
Epilog Plus epidemiological software. A correlation analysis was performed in order to 
exclude parameters correlated to each other before the logistic regression was undertaken. 
OR and Cl were presented when the number of exposed subjects was a minimum of 3 
exposed cases or 10 exposed cases and controls. A Wilcoxon rank test was performed in 
women with papillary thyroid cancer <50 years at diagnosis in order to test the differences 
of thyroid dose from X-ray examinations between cases and controls (Wilcoxon, 1945).
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Case-control study using medical records (paper V)

Cases

All patients with both thyroid cancer and another previous malignant disease during the 
period 1959-89 were traced by the Swedish Cancer Registry. A total of 1,056 cases with 
thyroid cancer were identified as living in the four most northern counties of Sweden, i.e., 
Jämtland, Västernorrland, Västerbotten and Norrbotten. These counties constitute the 
catchment area for the Department of Oncology, University Hospital of Umeå, Sweden. 
Among these 1,056 patients, 37 persons, 31 women and 6 men, were identified with 
another malignant disease one year or more prior to the diagnosis of thyroid cancer.

Controls

For each case four cancer patients were selected as controls from the same Cancer 
Registry. Each of them had at least two malignant diseases, thyroid cancer excluded. The 
matching variables used were gender, age ±5 years, year of diagnosis of first malignancy ±2 
years, and latency period to the second malignancy ±2 years. As controls, two persons 
younger and two persons older then the case were selected. The study thus included 185 
persons, 37 cases and 148 controls.

Assessment of exposure

For all the cases and controls, data from medical records, surgery reports and radiation 
dose-records were analysed. Radiation fields and the location of the thyroid tumour were 
reconstructed. For the cases the dose in the part of the thyroid where the tumour had 
developed was calculated.

Statistical methods

Statistical analysis of the data obtained was based on the Mantel-Haenszel method for 
calculation of OR by stratification on sex and age (Mantel and Haenszel, 1959). The 95% 
Cl was calculated according to Cornfield (Breslow and Day, 1980).
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Chapter 6. Thyroid Cancer of Papillary, Follicular, or Mixed
Type — Differences in Clinical Outcome and 
Prognostic Factors among Women and Men (I)

Results

Treatment

This study included 218 women and 91 men. Ninety-four % of the females were operated 
as compared with 88% of the males. Differences in operation rate and type of operation 
between women and men are presented in Figure 1. Operation rate among men with mixed 
papillary-follicular type was significantly decreased, 13 men (81%) as compared with 38 
women (97%).

Of all patients, 129 (59%) of the females and 47 (52%) of males were microscopically 
radical The differences between the histopathological types and gender were: papillary 81 
female (63%) versus 34 male (64%), mixed 24 (62%) versus 5 (31%), and follicular 24 
(48%) versus 8 (36%).

Radio-iodine treatment including ablation therapy was given to 92 (42%) of the female 
patients: papillary 41 (32%), follicular 27 (54%) and mixed 24 (62%). Among men 42 
(46%) were treated with radio-iodine: papillary 20 (38%), follicular 13 (59%) and mixed 9 
(56%). The cumulative specific activity is presented in Table 1.

External radiation therapy of the neck was given to 62 (28%) of the women and 20 (22%) 
of the men. In the papillary group, 38 (29%) of the women and 14 (26%) of the men were 
treated with external radiotherapy. In the mixed type of thyroid cancer external radiation 
was given to 12 (31%) of the women and 3 (19%) of the men. Among men with follicular 
thyroid cancer only 3 (14%) were treated with external radiation therapy, while 12 (24%) 
of the women with follicular type of thyroid cancer received this treatment.

Thyroid suppression therapy with thyroxin was given to 98% of the patients.

To quantify tumour response rate, recurrence, and mortality, univariate analysis was 
performed separately for the papillaiy, follicular, and mixed types.
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Univariate analysis

In the univariate analysis of papillary thyroid cancer, which encompassed 129 women and 
53 men, the mortality rate was higher among men 8 (15%) than women 9 (7%), although 
the development of progressive disease was similar between women with 7 versus 4 among 
men. This difference is explained by the fact that the relapse frequency was higher in men 
with 10 (19%) compared with 7 (5%) in women. There was a higher incidence of lymph 
node involvement among men occurring in 24 (45%) of them as compared with 23 (18%) 
of the women. Distant métastasés were seen in 4 women and in 3 men (Table 2).

Differences in tumour development among males and females was also found in follicular 
thyroid cancer. This type occurred in 50 women and 22 men. Tumour-related death was 
significantly higher among men 10 (45%) compared with women 13 (26%). Advanced 
tumour stage with growth beyond the capsule was reported in 13 women (26%) and 10 
men (45%). Five (38%) of the women and 6 (60%) of the men with advanced tumour stage 
died from follicular thyroid cancer. Seven women (14%) and 7 men (32%) with follicular 
cancer had distant métastasés at diagnosis. During the follow up period 5 women and 6 
men with distant métastasés died from thyroid cancer (Table 2).

Mixed papillary-follicular cancer occurred in 39 women and 16 men. Univariate analysis 
showed a significantly increased mortality rate among men 5 (31%) compared with women 
2 (5%). The presence of lymph node involvement occurred more frequently among men 6 
(37%) than among women 5 (13%). Two of 16 men (13%) as compared with one of 39 
women (3%) had distant métastasés at diagnosis. All patients with distant métastasés died 
in mixed papillary-follicular cancer (Table 2).

If the mixed papillary-follicular type had been included in the papillary group, it would have 
contained 168 women and 69 men. In this combined group the difference in tumour 
mortality rate among women and men was more marked than in the separate papillary 
group. Thirteen (19%) men and 11 (7%) women died from papillary or mixed thyroid 
cancer.

Multivariate analysis

In the multivariate analysis 8 prognostic factors were included: histopathological type, age, 
lymph node involvement, grade of differentiation, distant metastasis, local tumour stage, 
gender and symptoms at diagnosis.
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After stepwise backward elimination where Cox's semiparametric model was used relapse 
risk among women and men was determined by: age >50 years at diagnosis (RR=3.2, 
p=0.007), moderate or low grade of differentiation (RR=2.8, p=0.02), and follicular type 
with RR=2.3 (p=0.03). Men had an increased relapse risk with RR=2.6 (p=0.01). To 
evaluate the specific factors determining relapse risk for men and women, separate 
multivariate analyses were performed for each gender. The same parameters, gender 
excluded, were analysed. In women age >50 at diagnosis (RR=2.9, p=0.047) and follicular 
type (RR=4.8, p=0.001) were significant prognostic factors. Age >50 years was the only 
significant prognostic factor in men (RR=2.9, p=0.019), although low or moderate grade of 
differentiation (RR=5.6, p=0.094) and lymph node involvement (RR=3.1, p=0.075) 
indicated increased relapse risk.

Multivariate analysis of mortality risk, after backward elimination, gave 6 significant 
parameters determining tumour-related death among women and men: métastasés 
(RR=13.8, pO.OOl), age >50 (RR=7.4, pO.OOl), low or moderate grade of differentiation 
(RR=2.3, p=0.049), male gender (RR=2.3, p=0.008), lymph node involvement (RR=3.2, 
p<0.001) and two or more symptoms at diagnosis (RR=2.0, p=0.032). In a separate 
multivariate analyse determining mortality risk for women, 3 parameters were significant: 
distant métastasés (RR=16.1, pO.OOl), age >50 (RR=6.4, p=0.018) and lymph node 
involvement (RR=3.6, p=0.004). Low or moderate grade of differentiation, growth beyond 
the capsule and follicular type indicated increased risk. Among men 4 parameters were 
significant in determining tumour-related death: métastasés (RR=25.6, p<0.001), age >50 
(RR=12.2, p=0.001), lymph node involvement (RR=4.5, p=0.002) and two or more 
symptoms at diagnosis (RR=5.1, p=0.002).

Comments

This study showed that men had an increased tumour-specific mortality and relapse risk as 
compared with women. Men with mixed papillary-follicular thyroid cancer also had an 
increased mortality rate as compared with men with papillary cancer. This observation is of 
importance since mixed cancer is often included in the papillary group (Tubiana et al, 1985, 
Joensuu et al, 1986, Lennquist, 1986, Tennvall et al, 1985). However, women with mixed 
papillaiy-follicular cancer did not have an increased mortality rate. The univariate analyses 
also showed that men had a more advanced tumour stage at the time of the diagnosis and 
subsequently more severe prognosis as compared with women. Evaluation of differences in 
treatment of papillary or follicular cancer indicated more radical therapy among women 
with higher frequencies of operation, microscopic radicality and external radiation therapy.
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However, in both papillary and follicular cancer, but not in the mixed type, radioiodine 
ablation therapy was slightly more frequent among men.

In previous studies age >50 years has been the dominating risk factor together with 
métastasés, although distant métastasés have not always been included in the risk 
estimations of tumour-related death (Byar et al, 1979, Carcangiu et al, 1985, Tubiana et al, 
1985, Joensuu et al, 1986, Kerr et al, 1986, Tennvall et al, 1985, 1986, Schelfhout et al, 
1988, Akslen et al, 1991, Müeller-Gaertner et al, 1991). In the multivariate analyses we 
found that métastasés and age >50 years at diagnosis were the dominating risk factors 
determining tumour-related death, both for women and men and in agreement with 
previous studies. In the present study tumour-associated symptoms among men at 
diagnosis were the third most important risk factor for tumour-related death. There is not 
much reported about this correlation. Kerr et al (1986) described that symptoms such as 
dysphonia, dysphageia, and dyspnoé have an influence on prognosis.

The result of this investigation showed a less aggressive treatment of men with papillary, 
mixed or follicular thyroid cancer and a more severe prognosis among men with a 2.6-fold 
relapse frequency and a 2.3-fold increased mortality rate as compared with women. These 
gender-dependent differences in prognosis are important to be aware of in order to 
optimize treatment of patients with papillary, follicular, or mixed thyroid cancer.
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Chapter 7. Medical Diagnostic and Therapeutic Ionizing
Radiation and the Risk for Thyroid Cancer:
A Case-Control Study (II)

Results

This case-control study included 180 male and female cases, 20 - 70 years at diagnosis. 
They were all alive at the time of the investigation. Papillary thyroid cancer was most 
prevalent (63%). Two controls were matched by age and gender to each case. Nine cases 
and 35 controls refused to participate. The mean age for both cases and controls was 49 
years.

OR for thyroid cancer in relation to X-ray radiation dose in mGy to the thyroid gland is 
presented in Table 3. Two exposed categories were compared with those without any 
reported X-ray exposure. The categories were obtained by dividing the exposed controls 
into two equal groups, exposure to <0.59 mGy and exposure to >0.59 mGy. Separate 
calculations were made for subjects age <50 years and >50 years at the time of diagnosis. 
The highest exposure category (DI) >0.59 mGy yielded an OR of 1.4 (CI=0.9-2.4). In 
women <50 years of age the risk was significantly increased with OR=2.7 (CI=1.2-6.6). 
For women >50 years and for men no significantly increased risk was seen.

For papillary thyroid cancer the analysis gave an OR of 2.3 (0=1.2-4.7) in the highest 
exposure category. For women <50 years of age OR was 4.9 (CI=1.6-16). The maximum 
dose for the cases was 17.3 mGy and 32.8 mGy for the controls. Wilcoxon's rank test 
showed significantly elevated doses among the cases (p=0.002), Figure 4. For women >50 
years and for men no significant increased risk was found (Table 4).

In the total material no site-specific X-ray examination yielded significantly increased OR 
for thyroid cancer. However 10 or more X rays of lungs gave OR=3.7 (0=1.1-15) and for 
females only OR=4.4 (0=1.1-19). The risk was increased only in the age group <50 years 
with OR=8.5 (0=1.3-67) in the total material and OR=7.4 (0=1.0-63) in women only.

Ten or more dental X-rays gave an OR of 2.4 (0=1.0-8.0) and for women only OR was 
4.8 (0=1.6-19). In females <50 years at diagnosis OR increased to 6.4 (0=1.3-33).

Among subjects with papillary thyroid cancer <50 years, a significantly increased risk for X 
rays of head and sinus was seen, 0R=5.1 (0=1.1-43) and for women OR was 16.1
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(CI=1.9-213). An elevated risk for papillary cancer was also found in patients exposed to X 
rays of the lung , OR=2.5 (CI=1.2-5.6). Ten or more X rays of the lungs yielded OR=7.2 
(CI=1.5-46) and all cases were females. OR increased to 9.8 (CI=T.1-114) if only women 
<50 years were considered.

Ten or more dental examinations yielded in women with papillary cancer OR=5.9 (CI=1.8- 
29). No increased risk was found in men.

External radiotherapy was reported by 8 cases and 5 controls. The indication for treatment 
was breast cancer in 3 cases but in none of the controls. The remaining cases and all 
controls had received radiotherapy for benign conditions. Exposure to external 
radiotherapy yielded an OR of 3.1 (CI=0.9-12) and for women only OR=4.9 (0=1.1-24). 
Medical records were analysed for 7 cases and 5 controls and the radiotherapy could be 
verified in 6 cases and 3 controls. In addition one case had been treated with radiotherapy 
for breast cancer in Iran.

No increased risk was found for exposure to iodine-131.

Potential confounding between different types of exposure and external radiation was 
further analysed by logistic regression. The analysis was based upon self-reported X-ray 
examinations, external radiotherapy, and also work with diagnostic X-ray examinations 
with >5 years latency period. For papillary thyroid cancer, X-ray examinations with a 
thyroid dose >0.59 mGy yielded OR=2.7 (CI=1.0-6.9), external radiotherapy OR=2.7 
(CI=0.4-16) and work with diagnostic X-ray examinations OR=2.9 (CI=0.8-9.6). Thus 
similar results as in the univariate analysis were obtained.

Comments

In the present investigation only living subjects were included so that potential recall bias 
due to interviews of relatives was minimised. Of all cases aged 20-70 years and diagnosed 
during 1980-89 with thyroid cancer, 44 (19%) were dead and excluded from the study. 
This might bias the results if some exposure is associated with worse prognosis of the 
disease. All supplementary phone-interviews were performed in a blinded manner to avoid 
observational bias.

Latency is of importance in radiation-induced thyroid cancer. Most reports have shown an 
increased risk with a minimum latency period of 5 years (Takeichi et al, 1991). Exposure 
may also be related to medical examination for a suspected thyroid cancer. Therefore all
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exposures within 5 years prior to thyroid cancer were excluded from the present 
investigation. The risk for papillary thyroid cancer was significantly increased among 
women <50 years of age at diagnosis and exposed to diagnostic X rays >0.59 mGy. Age at 
radiation exposure is considered as an important risk factor and adults have been estimated 
to have half or less the risk than the risk of exposure in childhood (Bengtsson et al, 1978, 
BEIR-V, 1990, Takeichi et al, 1991). Radiation-induced thyroid cancer is usually of 
papillary type (BEIR-V, 1990).

The dose from diagnostic X rays was lower in the present study than generally seen in 
patients treated with external radiotherapy for benign and malignant diseases. Earlier 
investigations have found a 13-fold increased risk for thyroid cancer with radiation doses 
>2 Gy to the thyroid (Tucker et al, 1991), and a 10-fold increase for radiation doses 
between 0.01-2 Gy (Hawkins and Kingston, 1988). Some of the cases in the present study 
had been exposed to doses which previously have been associated with an increased risk of 
thyroid cancer. However, an increased risk was also seen after exposure at lower doses 
than previously reported.

Of interest was the finding that more than 10 dental X rays yielded a significantly increased 
risk for papillary cancer in women. Recent studies show an association between diagnostic 
X rays and tumour of the parotid gland and dental X rays and brain cancer (Preston-Martin 
et al, 1988, Neuberger et al, 1991). An increased risk of breast cancer is described in 
patients after chest X-ray fluoroscopy (Miller et al, 1989, Boice et al, 1991). In this study 
more than 10 lung X rays gave a significantly increased risk of papillary thyroid cancer 
among women.

The results might have been influenced by differential recall bias, cases might remember and 
report X rays to a higher degree than controls. In addition, an under-reporting of the actual 
number of X-ray investigations might have occurred in both cases and controls which 
would have influenced the dose-response estimates. Therefore, it would have been valuable 
to evaluate the self-reporting of X rays by scrutinizing medical and dental records. This was 
not possible within the framework of the present investigation. A previous validation study 
of dental X rays using dental records has indicated that interview data are reliable for case- 
control comparison (Preston-Martin et al, 1985).

Several previous studies show an association between thyroid cancer and radiotherapy 
(Shore et al, 1985, Hawkins and Kingston, 1988, Tucker et al, 1991). In the present study 
external radiotherapy was associated with significantly increased risk in women. Exposure 
was validated from information in medical records.
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For exposure to iodine-131, no increased risk was seen. This is in agreement with other 
findings (Holm et al, 1989, 1991). Iodine-131 is described as being one tenth to one fourth 
as efficient as external X rays in inducing thyroid cancer (Walinder et al, 1972).

This study indicated that external radiotherapy might be a risk factor for thyroid cancer 
among women. Diagnostic X rays were also significant risk factors for papillary thyroid 
cancer in women 20-50 years at diagnosis, a finding which is in agreement with the results 
from a recent Swedish study on determinants for papillary thyroid cancer (Wingren et al, 
1993). These findings are important to verify in future investigations. However, until 
further information is obtained it is important to consider the benefits of X-ray examination 
and radiotherapy with the potential health hazard of ionizing radiation.
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Chapter 8. Occupational Exposures and Thyroid Cancer:
Results of A Case-Control Study (III)

Results

Details of the study base have been presented in Chapter 7.

In the univariate analysis, work with diagnostic X-ray investigation constituted a risk factor 
for thyroid cancer and yielded an OR of 1.8 with 95% confidence interval (CI=0.7-5.1). 
For women only, OR was 2.1 (CI=0.7-5.9). X-ray work occurred in 9 cases and all of them 
had papillary thyroid cancer. When analysing only papillary cancer, risk calculations became 
significant for X-ray workers with an OR of 2.9 (CI=1.1-8.3), and for women alone OR 
was 3.3 (CI=1.2-9.8). Four cases were dental nurses versus none of the controls. The 
results also indicated that work as lineman with five exposed cases and no exposed 
controls, increased the risk. No occupation with significantly decreased risk for thyroid 
cancer was found.

Exposure to impregnating agents gave a increased risk for thyroid cancer, with OR=2.8 
(0=1.0-8.6). For men only, OR was 3.8 (0=1.1-16). Risk calculations for papillary cancer 
alone gave an increased risk with OR=3.2 (0=1.0-12) and for men only OR=6.0 (0=1.4- 
29). Regarding specific types of impregnating agents a non-significantly increased risk was 
found for chlorophenols and creosote.

Decreased risk for thyroid cancer was found among previous and current smokers, which 
yielded an OR of 0.6 with 95% confidence interval (0=0.3-1.0). Women who were 
previous or current smokers had decreased risks with OR=0.5 (0=0.2-1.0), and OR=0.6 
(0=0.3-1.0), respectively.

Comments

In the present study, work with X-ray investigations gave a significantly increased risk for 
papillary thyroid cancer. The risk increased when a 10-year latency period was used. This 
result is in agreement with previous reports (Carstensen et al, 1990). An increased risk for 
thyroid cancer was also seen among workers exposed to impregnating agents such as 
chlorophenols and creosote. Five cases but no controls had worked as lineman, an 
occupation where exposure to impregnating agents may occur (Thind et al, 1991), and 3 of 
the cases had reported such exposure. Linemen may also be exposed to electromagnetic



36

fields. We found a slightly increased risk among electrical workers although not significant. 
However, a recent Swedish study did not associate thyroid cancer with exposure to 
electromagnetic fields (Feychting and Ahlbom, 1992).

Smoking seemed to decrease the risk for thyroid cancer. Nowadays smoking is more 
common among the working class than in white-collar workers. Social class could be a 
confounding factor since well educated persons may consult a doctor for earlier symptoms. 
In Sweden, however, due to the social medical system, there is no major discrepancy in the 
use of the health care system due to social class (Rosén, 1987). In the present investigation 
we found that female smokers had a decreased risk for thyroid cancer which might depend 
on the anti-oestrogenic effect of smoking, since smokers have been found to have 
decreased levels of oestrogen in body fluids (Jensen et al, 1985, Michnovicz et al, 1986).
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Chapter 9. Thyroid Cancer — Reproductive Factors, Previous
Diseases, Drug Intake, Family History, and Diet: 
A Case-Control Study (TV)

Results

Details of the study are described in Chapter 7.

The median age for menarche was equal for cases and controls, 13.0 years, and they were 
also of similar age at their first pregnancy, 22 years. The risk for papillary thyroid cancer 
was increased in women with a history of one pregnancy, OR=3.1 (0=1.0-11). In the 
cases with two or three pregnancies the risk was less marked. No increased risk was found 
for >4 pregnancies. An increased risk for papillary thyroid cancer was found for an age of 
>25 years at the time of the first pregnancy, OR=1.5 (CI=0.8-3.0). Use of oral 
contraceptives decreased the risk for thyroid cancer.

Allergic disorders or asthma were more common in controls, and report of cardiac disease 
gave significantly increased risk in males. History of another previous malignant disease 
gave an OR of 2.4 (CI=0.9-7.3) in the total material. A decreased risk was seen for oral or 
topical use of cortisone, OR=0.3 (CI=0.0-1.0). Beta-blocking agents increased the risk 
non-significantly with OR of 2.1 (CI=0.9-4.8). Regarding family history, malignant disease 
in the father gave an OR of 1.9 (CI=1.0-3.8). For papillary thyroid cancer the risk increased 
to 2.7 (CI=1.3-5.9). Analysis of dietary habits showed a small increased risk for intake of 
root vegetables after the age of 20 years. There was no dose-response effect, however.

Logistic regression was performed in order to reveal potential confounding factors between 
different exposures. For papillary thyroid cancer, X-ray investigation with a thyroid dose 
>0.59 mGy yielded an OR of 2.7 (CI=1.0-6.9), one pregnancy, OR=4.2 (0=1.2-14) and 
cortisone treatment, OR=0.3 (CI=0.0-1.4). Thus, the results were similar to those in the 
univariate analysis.

Comments

In this study one pregnancy gave a 3-fold increased risk for papillary thyroid cancer which 
is in agreement with previous studies (Preston-Martin et al, 1987, Franceschi et al, 1990, 
Preston-Martin et al, 1993). However, the risk declined with the number of pregnancies, 
and no increased risk was seen in cases with 4 or more pregnancies. In agreement with
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earlier studies late age at first pregnancy indicated an increased risk for papillary thyroid 
cancer.

Some previous studies show an association between use of oral contraceptives (OCs) and 
elevated risk of thyroid cancer (McTieman et al, 1984b, 1987, Preston-Martin et al, 1987, 
1993, Ron et al, 1987), while others not show this association (Franceschi et al, 1989, 
Kolonel et al, 1990). In the present investigation use of OCs reduced the risk, especially for 
intake at young age and with long duration.

Reduced risk for thyroid cancer in women was also found in cases with asthma or allergy, 
as well as treatment with cortisone, antihistamine, and bronchdilating drugs. The cause of 
the under-representation of asthma might be due to less frequent smoking habits among 
women with thyroid cancer (Hallquist et al, 1993).

The result of the present investigation, one pregnancy and late age at first pregnancy as risk 
factors for papillary cancer in women, gives support to the theory that endogenous female 
sex hormones are of etiological importance in thyroid cancer.
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Chapter 10. External Radiotherapy Prior to Thyroid Cancer:
A Case-Control Study (V)

Results

External radiotherapy prior to thyroid cancer was studied among 37 patients with thyroid 
cancer and another previous malignant disease and 139 controls. The study initially 
encompassed 148 controls but 9 were excluded because available data were incomplete for 
evaluation of previous radiotherapy.

Of 37 cases with thyroid cancer, 10 (27%) had been irradiated towards at least a part of the 
thyroid gland and 8 of them had developed papillary thyroid cancer. Among the 139 
controls, 34 (24.5%) had been treated with radiotherapy which included the thyroid gland. 
The estimated radiation dose in the thyroid in the cases with thyroid cancer was between 3 
and 40 Gy and in the control group 1-60 Gy. The analyses of external radiotherapy as a risk 
factor for thyroid cancer gave a crude OR of 1.1 with 95% confidence interval (CI=0.5- 
2 .8).

Eight cases had had breast cancer and 7 of them (88%) had been treated with radiotherapy 
including the thyroid gland. In the control group 39 had breast cancer as the first 
malignancy and 28 (72%) had been treated with radiotherapy including the thyroid gland. 
Among malignant lymphomas there were 2 cases and both were treated with radiotherapy 
including the thyroid gland. Six controls had malignant lymphoma, 2 of them were treated 
with radiotherapy including the thyroid gland. The material was stratified on primary 
tumour site. Breast cancer and malignant lymphoma, i.e., tumour types with frequent 
radiotherapy of the thyroid area, were grouped together, while all other malignancies were 
grouped together. The stratified analysis gave an odds ratio of 2.3 (CI=0.5-8.9).

Comments

Association between first and second malignancy has previously been described for breast 
cancer and subsequent thyroid cancer (McTieman et al, 1987). Considering only cases and 
controls with breast cancer as first malignancy, a crude OR of 2.8 (0=0.3-66) for external 
radiotherapy as a risk factor for thyroid cancer was observed in the present study. Even if 
the observations are few and the CIs therefore are wide, the results indicate that 
radiotherapy probably is a risk factor.
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Curative radiation treatment of the thyroid gland (60 Gy) is considered to destroy 
precancerous cells (Maxon et al, 1977). Among patients treated with radio-iodine for 
thyrotoxicosis no increased risk for thyroid cancer is found (Hoffinan, 1984). The 
estimated thyroid dose was 100 Gy. On the contrary, it is well established that low doses of 
external radiation for benign conditions increase the risk for thyroid cancer, mainly of the 
papillary type (McTieman et al, 1984a, Fjälling et al, 1986, Ron et al, 1987, Fürst et al, 
1988).

In this case-control study, 5 of the 10 cases with external radiotherapy had a thyroid dose 
of 10 Gy or less, 4 of these cases developed papillary cancer. For the remaining 5 cases (4 
papillary cancers) the thyroid dose was between 10 and 40 Gy, thus in the same range as in 
patients reported with thyroid cancer after external radiotherapy for benign conditions. 
Thus 8 of 10 cases developed papillaiy cancer, the type of thyroid cancer most often 
associated with radiation as a risk factor.
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Chapter 11. General Summary

The aim of this epidemiological investigation was to increase the knowledge about the
etiology and prognosis of thyroid cancer. This is essential in order to prevent and optimize
treatment of thyroid cancer.

The findings from the studies are summarised below:

- Differences in prognosis between women and men were found; there were increased 
tumour-specific mortality and relapse risk among men with papillary, follicular, and 
mixed thyroid cancer.

- Men with mixed papillary and follicular thyroid cancer had an increased mortality rate as 
compared with men with papillary cancer. Increased mortality rate was not found among 
women with mixed tumours. Even if this difference was not significant in the 
multivariate analysis it is of interest since mixed cancer is often included in the papillary 
type.

- The results of the population-based case-control study showed an increased risk for 
thyroid cancer in women after treatment with external radiotherapy. The case-control 
study using medical records suggested an association between external radiotherapy 
including the thyroid gland and thyroid cancer.

- The case-control study showed that medical diagnostic X ray was a significant risk 
factor for papillary thyroid cancer in women 20-50 years old at diagnosis. Work with 
diagnostic X-ray investigations and work as lineman were associated with increased risk 
for thyroid cancer. Exposures to impregnating agents also increased the risk.

- Female smokers were found to have a decreased risk for thyroid cancer which might be 
due to the anti-oestrogenic effect of smoking.

- One pregnancy increased the risk for thyroid cancer. Use of cortisone decreased the risk 
for thyroid cancer.
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Table 1. Radioiodine treatment including ablation. Mean specific activity (MBq).

Papillary Follicular Mixed

Females (n=92) 3,067 3,162 2,451

Males (n=42) 2,371 7,620 4,758
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Table 2. Tumour development and mortality. Univariate analysis

______________________ Cancer diagnosis____________________
Parameters_______________ Papillary______________Mixed_____________ Follicular
____________________ Females Males_____ Females Males_____ Females Males

n (%) n (%) n (%) n (%) n (%) n (%)

Total 129 100 53 100 39 100 16 100 50 100 22 100
PD 7 (5) 4 (8) 2 (5) 4 (25) 11 (22) 8 (36)
R 7 (5) 10 (19) 1 (3) 1 (6) 10 (20) 3 (14)
TM 9 (7) 8 (15) 2 (5) 5 (31) 13 (26) 10 (45)

TO-3/pTO-3 90 (70) 31 (58) 28 (72) 10 (63) 31 (62) 12 (55)
PD 5 (4) - 1 (3) 3 (19) 5 (10) 3 (14)
R 4 (3) 5 (9) 1 (3) 1 (6) 6 (12) 1 (5)
TM 6 (5) 3 (6) 2 (5) 3 (19) 5 (10) 4 (18)

T4/pT4 29 (22) 17 (32) 10 (26) 4 (25) 13 (26) 10 (45)
PD 2 (2) 3 (6) 1 (3) 1 (6) 4 (8) 5 (23)
R 3 (2) 3 (6) - 1 (6) 2 (4) 2 (9)
TM 3 (2) 4 (8) - 2 (13) 5 (10) 6 (27)

Nl/pNl 23 (18) 24 (45) 5 (13) 6 (37) 8 (16) 5 (23)
PD 3 (2) 3 (6) 1 (3) 2 (13) 5 (10) 3 (14)
R 2 (2) 5 (9) - 1 (6) 1 (2) 1 (5)
TM 4 (3) 5 (9) 1 (3) 2 (13) 6 (12) 4 (18)

Symptoms >2 53 (41) 19 (36) 20 (51) 6 (38) 32 (64) 12 (55)
PD 5 (4) 4 (8) 2 (5) 2 (13) 9 (18) 6 (27)
R 1 (1) 5 (9) 1 (3) - 6 (12) 2 (9)
TM 4 (3) 6 ( ID 2 (5) 2 (13) 11 (22) 7 (32)

Moderate differentiation 57 (44) 24 (45) 22 (56) 8 (50) 29 (58) 8 (50)
Low differentiation 10 (8) 1 (2) 1 (3) 1 (6) 7 (14) 5 (23)

Ml 4 (3) 3 (6) 1 (3) 2 (13) 7 (14) 7 (32)

PD= progressive disease
R= relapse
TM= tumour mortality
T0-3/pT0= tumour growth limited to the thyroid
T4/pT4= tumour growth beyond the thyroid capsule
Nl/pNl= presence of regional lymph node metastasis
M l= presence of distant metastasis
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Differences in surgical treatment between females 
and males with papillary, follicular, and mixed 
papillary-follicular thyroid cancer.

Figure 1.

Figure 2

Figure 3
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