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ABSTRACT 
 
Non-medullary differentiated thyroid cancer (DTC) is a rare disorder but, nevertheless, among 
the most common cancers in individuals below 40 years of age. DTC consists of papillary 
(PTC) and follicular (FTC) thyroid cancer. The prognosis is excellent with an overall 10-year 
survival of 90 %. The only established risk factor for DTC is ionizing radiation. Different 
scoring systems are used for prognostication of DTC. Thyroidectomy is the primary treatment 
for patients with DTC. How the extent of surgery and postoperative treatment, mainly 
radioactive iodine treatment, influences the prognosis of DTC remains controversial. The aim 
of this study was to analyse the incidence and survival of patients with DTC in Sweden and to 
identify factors of prognostic importance. 
 
From the population-based Swedish Cancer Registry we identified 5,554 individuals 
diagnosed with DTC during 1958-1987. The patients were followed until 31 December 1999. 
The relative survival ratio was used as the measure of patient survival. Within this cohort, a 
nested case-control study was conducted. One control, matched by age at diagnosis, sex and 
calendar period, was randomly selected for each case, i.e., patients who died due to DTC. 
Information of possible prognostic factors was abstracted from the medical records. The effect 
of prognostic factors on DTC mortality was evaluated using conditional logistic regression. 
 
Incidence of both PTC and FTC was higher among women than men, especially for PTC and 
particularly during the fertile part of life. Ten year relative survival was 99 % for patients 
under 40 years of age at diagnosis. Among possible risk factors for DTC, only smoking had a 
significantly negative influence on survival for patients with DTC. Previous radiotherapy 
towards the neck region had no prognostic implication. A family history of DTC influenced 
prognosis, although not significant due to few numbers. Patients with widely invasive FTC 
experienced a significantly higher mortality compared with PTC patients. Grade of 
differentiation significantly influenced mortality. Patients in TNM stage IV had a nine times 
higher mortality compared with patients in stage II. Patients with lymph node metastases 
experienced twice as high mortality and patients with distant metastasis a 7-fold higher risk of 
death compared with those with no metastases. Non-surgically treated patients had a 
worsened prognosis. Incomplete surgical excision was associated with higher mortality, 
particularly among patients in stage I. In contrast to completeness of tumour excision, surgical 
extent did not influence the risk of dying from DTC, neither was lymph node surgery 
associated with prognosis. For patients with loco-regional recurrence the risk of death was 
five-folded. The administration of postoperative treatment (radioactive iodine, external 
radiotherapy, or chemotherapy) was not associated with better survival. 
  
The data suggest that there may exist a class of thyroid tumours that are diagnosed in women 
during the fertile part of life and associated with a superior prognosis. Among possible risk 
factors for DTC, the risk of death due to DTC was increased only for smoking patients. 
Clinically important prognostic factors for patients with DTC were histopathological 
subgroup, TNM staging including lymph node metastases and distant metastases, as well as 
completeness of the surgical excision, although the extent of surgery did not influence the 
patients’ survival. Loco-regional recurrence increased the mortality significantly. 
Postoperative treatments were not associated with better survival. 
 
Keywords: Differentiated thyroid cancer, papillary, follicular, nested case-control study, 
population-based, risk factors, prognosis, survival, TNM.  
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1. INTRODUCTION 
 
The thyroid is a complex and fascinating endocrine gland with multiple functions, including 

regulation of the calcium homeostasis and the basal metabolism. Thyroid nodules are 

frequently seen in clinical practise and the majority are benign. In non-iodine deficient areas 

detectable nodules occur in 4-7 % of the general population (1, 2). Thyroid nodules represent 

a variety of different thyroid disorders from the non-neoplastic conditions such as goitre or 

thyroiditis to neoplastic nodules that can be benign (follicular adenoma) or malignant. 

Sometimes adenomas and goitre are in combination with either hyper- or hypothyroidism. 

Thyroid carcinomas are rare and comprise a diverse group of malignancies ranging from the 

indolent papillary micro-carcinoma that hardly implies any threat to survival, to the rare 

anaplastic carcinoma that is the most vicious carcinoma afflicting humans. Thyroid 

carcinomas are often found accidentally when investigations for other thyroid disorders are 

performed. Because of the low incidence of the papillary and follicular thyroid carcinomas, its 

prolonged survival and relatively low mortality rate, prospective randomised clinical trials 

have not been possible to conduct. Nonetheless, patients suffer greatly from this disease, as 

many have recurrences and some die from persistently progressive and untreatable cancer. 

This is a disease that knows no boundaries, striking both young and old. Although methods to 

diagnose and treat patients have improved over time, there are still many questions to answer 

(3). 

    

2. BACKGROUND 

 

2.1. The Thyroid gland 
2.1. I. Embryology 

During the embryogenesis, the normal thyroid derives from the fusion of a median and a 

lateral endodermic part. The thyroid follicular cells, originating from epithelial cells, descend 

from the foramen cecum of the tongue to the anterior neck region and fuse with the 

neuroendocrine C-cells. Normal thyroid tissue can be found along the thyreoglossal duct 

forming a third pyramidal lobe. The thyroid accumulates and binds iodine after 11 weeks of 

gestation (4). 
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Figure 1. The thyroid gland. 
 
2.1. II. Anatomy  

Glandula thyroidea (lat), the thyroid gland, is located in the neck in front of the trachea, 

between the cricoid cartilage and the suprasternal notch. Macroscopically the thyroid gland is 

composed of two lobes connected by the isthmus. The blood is supplied mainly by the 

superior (which is the first branch from the external carotid artery) and inferior thyroidal 

arteries. The venous return empties into the brachiocephalic vein and through the internal 

jugular vein. Lymphatic drainage is ipsilateral and each lobe can be regarded as a separate 

entity, although there are some lymphatic anastomoses between the two lobes throughout the 

isthmus. The recurrent laryngeal nerve, a motor nerve to the intrinsic muscles of the larynx, 

traverses the lateral borders of the gland. Injury causes paralysis of the vocal cord on the 

ipsilateral side. The normal weight of the thyroid is 15-30 gram, depending on body weight 

and iodine supply. The four parathyroid glands are located in the posterior region of each pole 

of the thyroid (4). 

 

2.1. III. Function 

The functional and structural unit of the thyroid gland is the follicle. This spheric structure is 

lined with a single layer of epithelial cells and is filled with colloid, which is rich in the 

thyroid hormonal precursor thyroglobulin. Between the follicular cells are the parafollicular 

cells, called C-cells because they produce calcitonin, a hormone involved in the calcium 

homeostasis. 
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The synthesis of thyroid hormones, triiodothyronine (T3) and thyroxine (T4) is a complex 

physiologic procedure that takes place in the follicular cells. Iodine is an essential element in 

the thyroid physiology. It is a critical component in both T3 and T4 molecules and a key 

regulator of thyroid gland function. It also requires enzymatic activity by thyroxine peroxides. 

The mature thyroid hormones are secreted in the blood stream where they are important in the 

control of the basal metabolism. From the pituitary gland the thyroid stimulating hormone 

(TSH), or thyrotropinin, is secreted and together with thyrotropin releasing hormone (TRH) 

from the hypothalamus, the activity in thyroid gland is regulated by a feedback system. T3 is 

the biologically active hormone and T4 is converted to T3, either in the thyroid gland or in 

peripheral tissue cells (4). 

 

 

2.2. Thyroid tumours 
2.2. I. Benign  

The follicular adenoma has a well-defined fibrous capsule that is grossly and microscopically 

complete. The size of follicular adenomas varies. It is defined as benign in the absence of 

vascular and capsular invasion. It is not possible to evaluate these parameters by routine fine 

needle aspiration and cytology (FNAC), why virtually all patients with a follicular adenoma 

are subjected to surgery for a careful examination of the tumour. Follicular adenomas can be 

sub-classified and the histological differences are striking but of no clinical importance (4). 

One of the frequent cytologic variant is the oxyphilic, also called oncocytic or Hürthle cell 

adenoma, which is composed predominantly of large cells with a granular, eosinophilic 

cytoplasm. Hürthle cells can be found in a number of benign conditions, including nodular 

goitre, hyperthyroidism and Hashimoto`s thyroiditis. The frequency of progression from 

adenoma to a carcinoma is controversial, but probably low (5).  

 

2.2. II. Malignant  

Thyroid cancer constitutes 1 % of all malignancies worldwide and is heterogeneous in terms 

of histology, clinical presentation, treatment response and prognosis. (6). They can be 

classified into four main groups. 

Anaplastic thyroid cancer (ATC) is rare (1-5 % of all thyroid cancers) and is one of the most 

aggressive cancers encountered in humans. In some of the cases it represents a terminal stage 

in the dedifferentiation of a follicular or papillary carcinoma (4, 7). The cells in ATC do not 

produce thyroglobulin and are therefore not able to transport iodine and accordingly TSH 
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receptors are not found in their plasma membranes. ATC is rare before the age of 50 and the 

female/male ratio is 1.5:1 (3). 

Medullary thyroid cancer (MTC) arises from the parafollicular or C cells of the thyroid and 

accounts for 5-10 % of all thyroid cancers. MTC can be sporadic or hereditary. The sporadic 

forms can arise clinically at any age but its incidence peaks during the fifth or sixth decades of 

life. Hereditary MTC represents 20-30 % of all MTC with an autosomal dominant pattern of 

transmission and a high penetrance. MTC can arise as part of a multiple endocrine neoplasia 

(MEN) syndrome type IIA or IIB or as a single entity in familial MTC. Both sexes are equally 

affected (3). 

Follicular thyroid cancer (FTC) often presents as a solitary tumour that is more or less 

encapsulated. Depending on the degree of invasiveness, FTC is classified as minimally 

invasive or widely invasive FTC. It is the second most common form of thyroid cancer (10-

20%) and the female/male ratio is 2.8:1 (8). 

Papillary thyroid cancer (PTC) is the most common form (60-80 %) of thyroid cancer. It can 

be classified as micro-carcinoma (<1 cm), carcinomas limited to the thyroid gland or 

extending the thyroid capsule. PTC is often multifocal in one lobe and is bilateral in 20-80 % 

(range depends on the number of sections of thyroid tissue examined by the pathologist) (9). 

The female/ male ratio is 3.2:1(8). 

Differentiated thyroid cancer includes MTC, PTC and FTC. The following thesis focuses 

strictly on non-medullary differentiated thyroid cancer (DTC) that consists of FTC and PTC. 

 

2.3. Non-Medullary Differentiated Thyroid Cancer (DTC) 
2.3. I. Epidemiology 

Incidence 

With the exception of Iceland and Hawaii, where thyroid cancer incidence is particularly high, 

incidence rates (world adjusted) from much of the world range between 1 and 2 cases per 

100,000 males and between 2 and 6 cases per 100,000 females. No specific pattern in 

incidence rates has been discovered in Europe (10). Low rates can occur both in developed 

and underdeveloped countries as well as in urban or rural areas.  

When comparing the incidence in the Nordic countries, the rate for Iceland was five times 

higher than the rest. Differences were apparent for both sexes, all age-groups, and all 

histological types, although the variation was widest for PTC (Figure 2, 3) (11). Proposed 

explanations for this geographic variation include a possible association with endemic goitre, 

volcanic lava, dietary patterns or differences in reporting cases. In iodine insufficient regions,  
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Figure 2. The incidence /1 000 000 inhabitants of thyroid carcinoma among females in 
northern Europe (12). 

 
Figure 3.The incidence /1 000 000 inhabitants of thyroid carcinoma among males in northern 
Europe (12). 
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FTC is more common than PTC (13). After fall-out of radiation in the Chernobyl area, the 
incidence of PTC increased 3-75 fold among patients younger than 21 year. Children 5 years 
old or less at the time of the disaster accounted for the majority of the patients (14, 15). 
 

 
Figure 4. Incidence and mortality from thyroid carcinoma among females in northern Europe 
(12).  

 
Figure 5. Incidence and mortality from thyroid carcinoma among males in northern Europe 
(12). 
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Risk factors 

The only established risk factor for thyroid cancer in humans besides age and gender is 

ionizing radiation (16). Studies of individuals living in the Chernobyl area and of the 

survivors in Hiroshima and Nagasaki have shown an increased risk of particularly PTC, 

although so far only among those exposed as children (9). Other suggested risk factors for 

DTC are pre-existing benign thyroid disease (11), a family history of DTC, sex hormones 

(17), therapeutic or environmental ionizing radiation, iodine deficiency (18) and dietary 

factors, but the findings are inconsistent (17, 19-21). 

Although the incidence of DTC differs in different countries, the mortality is stable and rates 

are comparable in most countries in Europe. As can be seen in Figure 4 and 5 there are large 

variations in incidence, where Island is found to have a 3-9 fold higher incidence than other 

European countries. In contrast, the fatal thyroid cancers are found to be equally common in 

the different geographical areas (Figure 4, 5). 

 

Prognosis and scoring systems 

Prognosis of DTC is known to be excellent with an overall 10-year-survival exceeding 90 % 

(8, 22). Comparisons are difficult due to differences in selection of patients and duration of 

follow-up. Local invasiveness, presence of distant metastases and increasing age at diagnosis 

convey a worse prognosis (23). The fact that DTC has a comparatively low incidence and 

generally a good long-term prognosis makes prospective randomised control trials hard to 

perform. Many studies have identified different prognostic factors from retrospective analyses 

as an attempt to find the most accurate system for classifications of patients with DTC (24). 

The most widely accepted system of classifying solid organ malignancies is the postoperative 

tumour-node-metastasis system (pTNM) which was introduced in 1987 and revised in 1992 

and 2002 (25). The TNM system takes age at diagnosis, size and extension of the primary 

tumour, and the presence or absence of lymph nodes and distant metastases into account. 

Patients are classified into four risk-groups with varying cancer specific mortality (26) (Table 

1).  
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Table 1. TNM classification for DTC 
TNM < 45 years ≥45 years 
Stage   T     N     M   T     N     M
I any  any    0  1      0     0 
II any  any    1  2      0     0 
IIIa NA  NA  NA  3      0     0 
IIIb NA  NA  NA 1-3    1     0 
IV A NA  NA  NA 1-3   2-3   0
or  4a    any   0 
IV B  4b    any   0 
IV C  any  any   1 

 
T = Tumour size  N = Nodal Status  M = Distant metastases 
T0 = no palpable tumour N0 = no palpable cervical adenopathy M0 = No distant metastases 
T1 ≤2 cm  N1 = ipsilateral cervical adenopathy M1 = distant metastases 
T2 >2 ≤4 cm  N2 = contra-lateral or bilateral cervical adenopathy  
T3 > 4cm  N3 = fixed cervical nodes   
T4a = any size of tumour, extending the thyroid capsule, invading surrounding tissue  
T4b = any size of tumour, invading the prevertebral fascia or large vessels  
NA = Not applicable 
 
  
   
 
From the Mayo clinic, USA, the AGES scoring system was developed in 1987, taking Age at 

diagnosis, tumour Grade, tumour Extension and Size of the primary tumour into account (27) 

for patients with PTC. In an attempt to overcome the impediment in the AGES system 

resulting from the lack of an accepted histologic grading system for PTC, the Mayo Clinic 

outcome data were reanalyzed, and a new system was designed in 1993, called MACIS, now 

excluding tumour grade, instead incorporating distant Metastases, Age at diagnosis, 

Completeness of surgery, Invasion of extra-thyroidal tissue and Size of the primary tumour 

(28) (Table 2).  

 
 
Table 2. MACIS classification of PTC 
Score = 3.1 (if age < 40 years) or 0.08 x age (if age ≥40 years) 
 +0.3 x tumour size (cm maximum diameter) 
 +1 (if incompletely resected) 
 +1 (if locally invasive) 
 +3 (if distant spread) 
 
20 year-survival by MACIS score  

       <6 = 99 % 
 6-6.99 = 89 % 
 7-7.99 = 56 % 
       ≥8 = 24 % 
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In 1988 Cady and Rossi, created another scoring system called AMES (29). It is based on Age 

at diagnosis, presence of distant Metastases, Extent and Size of the primary tumour. Patients 

were classified into a high- or low-risk group, 89 % of the patients belonged to the low-risk 

group with a mortality rate of 1.8 % and the remaining high-risk group had a mortality rate of 

46 % (for the period 1961-1980). In the past decade DNA ploidy analysis was identified as a 

prognostic factor in PTC. This was added in 1992, recognized as the DAMES system (30). 

 
 
Table 3. AMES scoring system for DTC. 
High–risk group  
All patients with distant metastases  
Men > 40 and women > 50 years of age at diagnosis with: 
Primary tumour extending beyond the thyroid capsule 

or  
Tumour size > 5 cm (primary tumour) 
 
Low-risk group 
Men ≤ 40 or women ≤ 50 years of age at diagnosis regardless of extent and size of the 
primary tumour. 
Older patients with primary tumours < 5 cm confined to the thyroid. 
No distant metastases 
 
 

In 1966 the E.O.R.T.C Thyroid Cancer Co-operative Group began a registry of data on 

patients with thyroid cancer. Twenty-three hospitals from various countries in Europe 

participated and entry ended in 1977 (31). In the survival analysis of the cohort of 507 

patients, all types of thyroid cancers were included. Prognostic factors of significant 

importance were age, sex, cell-type, clinical extent of tumour, lymph node status and number 

of metastatic sites. Other scoring systems have been evaluated or described (24, 32-34), most 

of them including tumour size, histologic type, extra-thyroidal invasion and distant 

metastases. Brierley et al (35) evaluated 382 patients with DTC using all of these scoring 

systems and found no significant difference between AGES, TNM, EORTC, MACIS and 

AMES systems, all of which accurately predicted the prognosis of patients with PTC.  

An accurate and simple scoring system which could help predict survival and future 

recurrence risk for patients with DTC at the time of initial treatment, would guide treatment 

decisions and improve patient care. 
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2.3. II. Clinical symptoms and histopathological subgroups 

 

Most DTCs present as asymptomatic single thyroid nodule. On physical examination, the 

nodule is firm, moves freely during swallowing and is usually not distinguishable from a 

benign nodule. Carcinoma should be suspected if a hard, irregular thyroid nodule is found, if 

ipsilateral lymph nodes are enlarged or compressive symptoms (on the airways or 

oesophagus) are present and if there is a history of a progressive increase in the size of the 

nodule. Almost all patients are clinically euthyroid and have normal serum thyrotropinin 

concentrations (9). 

FNAC normally distinguishes between benign and malignant thyroid nodules, but follicular 

neoplasms are difficult to discriminate, and are therefore usually surgically removed for 

histopathological examination (36). Thyroid ultrasonography is useful for assessing the size 

of the nodule, detecting other nodules and guiding in FNAC when the nodule is small or 

difficult to palpate (9). 

 

Papillary Thyroid Carcinoma (PTC) 

Thyroid nodules are seen commonly in clinical practice. The majority is benign, and virtually 

all thyroid nodules are investigated by FNAC. Aspiration smear from PTC may reveal 

papillary structures and the preoperative diagnosis is based on typical nuclear and cellular 

characteristics. The diagnosis is confirmed by microscopical examination of the surgical 

specimen. The not otherwise specified PTC (classical pattern) is a mixture of neoplastic 

papillae and follicles. The gross appearance is a firm, opaque mass, usually poorly defined 

and with a granular or finely nodular cut surface. Irregular scarring is common and foci of 

calcification can frequently be found. Cells are larger than normal thyrocytes and are cuboidal 

to low columnar. Psammoma bodies are numerous (37). The cytoplasm is typically 

amphophilic to slightly eosinophilic. Nuclei are irregular, relatively large and ovoid and they 

vary in size. Nucleoli are usually close to the nuclear membranes (which makes it look thick) 

and much of the interior of the nucleus is “pale”, “clear” or “ground glass” in appearance. 

Papillae vary in size and are irregular. Lymphocyte infiltration may be seen around a papillary 

neoplasm (3) (Figure5).  
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Figure 5.  A histopathological view of PTC showing papillae consisting of fibro-vascular core 
structures, ground-glass nuclei and nuclear groves. 
 
Multiple foci of cancer cells are common in the thyroid. PTC frequently invades lymphatic 

vessels, but vascular invasion is fairly uncommon.  

A follicular variant of PTC may be diagnosed when more than 70 % of the histological 

pattern is composed of neoplastic follicles. Such neoplasms are often small and are usually 

less fibrotic than the classical PTC, but the characteristic clear nuclei are present. If the 

follicles are small and contain small amounts of colloid, the tumour will appear fleshy and 

opaque and may be misclassified as a follicular adenoma. The clinical behaviour and 

prognosis is similar to the classical PTC.  

The tall cell variant of PTC is characterised by the tumour cells being twice as high as they 

are wide (3). It is uncommon and has a less good prognosis with a tendency to recur or 

metastasize (38, 39). 

Columnar cell PTC is rare and occurs in adults of all ages. It is usually a solid, nodular, light-

coloured mass, encapsulated or infiltrative, which contains tall, columnar cells arranged in 

patterns that are papillary or trabecular. It is more aggressive than the classical PTC (38, 39). 

The diffuse sclerosing variant of PTC is characterized by diffuse involvement of one or both 

thyroid lobes, prominent fibrosis, squamos metaplasia, abundant psammoma bodies and 

lymphoid infiltration. It occurs mostly in children and young adults. Lymph node metastases 

are almost always present and lung metastases are frequent (4, 38, 39). 



 15

Occult PTC or micro-carcinoma is considered to be a harmless variant and according to the 

World Health Organisation (WHO) includes PTCs smaller than 1 cm in diameter (40). 

Usually they are found incidentally, and further treatment is not indicated (41). However, 

some patients with micro-carcinoma have developed metastases (42) and even died from the 

disease (39, 43).   

 

Follicular Thyroid Carcinoma (FTC) 

FTCs do not have the nuclear features of PTC and usually no papillae. Most classifications 

are based upon the degree of invasiveness of the cancer. The tumours are usually 

encapsulated. FTCs can be considered as minimally invasive or as widely invasive (37). Such 

assessment is performed after surgical resection of the tumour and requires multiple sections 

for the identification of malignancy (i.e.vascular or capsular invasion). Minimally invasive 

FTC has scattered tiny foci of vascular and capsular invasion at its periphery and widely 

invasive FTC has extensive protrusion into surrounding tissue and/or extension into multiple 

vessels (3). Cells of FTC are often small, with uniform round nuclei, but varying in size.  

 
Figure 6. Histopathology of FTC with capsular and vascular invasion. 
 
When the follicular differentiation is poor or absent, the tumour is classified as a poorly 

differentiated carcinoma. 

Insular carcinoma is a moderately or poorly differentiated variant of FTC or PTC. Some 

consider it a separate entity (3). 
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Clear cell carcinoma is a rare variant of FTC. Glycogen accumulation or dilatation of the 

granular endoplasmic reticulum is responsible for the clear cell appearance (4). 

Hürthle cell carcinoma (HCC) (also called oncocytic or oxyphilic variant of FTC) is a tumour 

composed of more than 75 % of cells with oncocytic features. Cells are eosinophilic with a 

granular cytoplasm rich in mitochondria. HCC presents as a solid tumour with complete or 

partial encapsulation. Vascular and capsular invasion are, as for FTC, the criteria of 

malignancy. HCC is more likely to involve regional lymph nodes than FTC but not as often as 

PTC. HCC produces thyroglobulin, but only few (7%) concentrate radioactive iodine (44). 

Based on criteria set by the WHO, this tumour of follicular origin is a subtype of both PTC 

and FTC, but it is more often noted as a subtype of FTC (39). HCC is often regarded as a 

separate category of DTC (44).  

 

2.3. III. Treatment of DTC 

Surgery should be the primary treatment for all patients with PTC and FTC. The extent of 

surgery is frequently debated because most patients do well whatever surgical technique is 

chosen (45, 46). A significant percentage of patients receive ablative dose of radioactive 

iodine postoperatively, which probably is beneficial to reduce the risk of recurrence for high-

risk patients (22, 47). External radiotherapy to the neck is only indicated in patients with 

tumour residues that do not take up radioiodine (48, 49). Chemotherapy is only to be 

considered in patients with progressive metastatic disease (50).  

 

Surgery 

The goal of surgery is to remove all tumour tissue in the neck also including affected cervical 

lymph nodes. There are some controversies about the extent of thyroid surgery and over time 

different procedures have been performed (45, 51, 52). The most commonly described 

procedures are the following:  

1) biopsy which refers to removal of a small piece of the tumour for histopathological 

classification;  

2) uni- or bilateral resections (lumpectomy) which implies removal of the tumour with 

minimal surrounding thyroid tissue;  

3) lobectomy (or hemithyroidectomy) which refers to removal of the entire lobe, whereas 

lobectomy and resection also includes the resection of isthmus;  

4) total thyroidectomy (or near-total) is the extra-capsular removal of both lobes and isthmus, 

without leaving any visible thyroid tissue, which should be compared to: 
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5) subtotal thyroidectomy, in which some thyroid tissue may be left mainly to spare the 

recurrent laryngeal nerve from damage (5).  

The argument against total thyroidectomy are the increased risk of surgical complications 

such as recurrent laryngeal nerve injuries and hypoparathyroidism (53), and the 

inconvenience by life-long thyroid hormone supplementation for these patients (27, 54). 

Arguments for total thyroidectomy are lower recurrence rates (55, 56) and that it facilitates 

the total ablation with radioactive iodine (9, 22) as well as follow-up using thyroglobulin as 

tumour marker. PTCs are frequently found to be multifocal, which speaks in favour of a total 

thyroidectomy (39, 57).  

The frequency of lymph node metastases is related to both the histological type and extent of 

the thyroid tumours, to the extent of lymph node dissection. The central and lateral 

compartments of the neck are the areas most frequently involved. The most common lymph 

nodes removals strategies are: 

1) node-picking which refers to an operation in which only grossly affected lymph nodes are 

removed; 

2) the modified (or functional) neck dissection, which includes removing all fibrous and fatty 

tissue including the lymph nodes, but preserving the sternocleidomastoid muscle, internal 

jugular vein, the vagus nerve, spinal accessory nerve and sensory nerves, either unilateral or 

bilateral;  

3) radical neck dissection, which includes the removal of all the above mentioned structures; 

4) central neck dissection, which includes removing all lymph nodes pre-tracheal and adjacent 

to the tumour, i.e., all lymph nodes between the carotid arteries (5).  

 

In PTC patients, 35-70 % (and in children up to 80 %) have lymph node metastases, 

compared with FTC patients, in whom less than 20 % have lymph node metastases (4). In 

most patients lymph node involvement is ipsilateral, and the spread is in an orderly, defined 

manner from the central neck compartment to the mediastinum and lateral chains and from 

the lower part of the jugulocarotid chain upward. One of the arguments for lymph node 

dissection in patients with PTC is that it is the most efficient procedure for the treatment of 

lymph node metastases, although no improvement in survival has been shown (58). 

 

Radioactive iodine treatment 

The reasons to give radioactive iodine treatment postoperatively is to destroy remaining 

normal thyroid tissue, which increases the sensitivity of subsequent iodine-131 total body 
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scanning and the specificity of measurements of serum thyroglobulin for the detection of 

persistent or recurrent disease (9, 59). Radioactive iodine may furthermore destroy occult 

microscopic carcinomas, thereby decreasing the long-term risk of recurrent disease (22, 60, 

61). Postoperative radioactive iodine therapy is used selectively, mainly for high-risk patients, 

to decrease the risk of recurrence and lower mortality rates (60, 62, 63). Four to six weeks 

after surgery an iodine-131 total-body scanning is performed. If any uptake of iodine-131 is 

detected in the thyroid bed or elsewhere, a treatment dose is given. Another total-body scan is 

obtained four to seven days later, and thyroxine therapy is initiated. Total ablation is verified 

by performing a radioactive iodine scintigraphy 6 to 12 months later.  

In more than 80 % of patients who have undergone a total thyroidectomy, a total ablation is 

achieved (9). After less extensive surgery ablation is achieved in only two thirds of the 

patients. A recommendation is therefore that patients who will be treated with iodine-131 

should be operated with a total or near-total thyroidectomy. 

 

External radiotherapy 

External radiotherapy to the neck and mediastinum is only indicated in patients in whom 

surgical excision is incomplete or impossible to perform (64). The clinical target volume is 

limited by the spinal cord. Potential complications include both acute (such as dysphagia, 

edema and dermatologic reactions) and late (tracheal compression and skin fibrosis) reactions 

(39). The beneficial effect of external beam radiotherapy in the treatment of selected 

metastatic sites (i.e., brain and bone) or for palliation in cases of locally advanced inoperable 

disease is widely accepted (48, 49). 

 

2.3. IV. Follow-up and recurrence 

 

Despite the favourable clinical course of most patients with DTC, nearly half of the patients 

who experience recurrent thyroid cancer eventually die from this disease (39). Efforts should 

therefore be made to prevent recurrences. Usually recurrences are detected during the early 

years of follow-up but they have been detected after more than 20 years of first diagnosis (57, 

58). Follow-up is therefore necessary throughout patients’ lives. The risk of recurrence is 

higher in very young patients (<16 years of age at diagnosis) and older patients (>60 years of 

age at diagnosis) as well as in patients with a large tumour, especially if it extends beyond the 

thyroid capsule (65) and if it is poorly differentiated (66). Patients with lymph node 

metastases at the time of diagnosis have a higher risk of recurrence (1). 
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Efforts at the first time of treatment should be made to prevent recurrence by early detection 

and treatment, and of course complete removal of tumour in the initial operation. The 

postoperative treatments including iodine-131 therapy (67, 68), TSH suppression therapy and 

selective use of external radiation therapy in patients with unresectable cancer are also 

important to reduce the recurrence rate (9, 47).   

Follow-up is individually planned but clinical examinations are routine procedures, although 

the sensitivity of neck palpation is low since lymph node metastases are not palpable when 

they are small and soft. With ultrasonography small (2-3 mm) lymph node metastases can be 

detected. A lymph node fine-needle biopsy, including cytological analysis, with guidance 

from the ultrasound can be performed. A measurement of thyroglobulin (Tg) is a good aid in 

detection of sub-clinical disease (69). However, an accurate Tg measurement is technically 

challenging (70). From a consensus report of the role of serum Tg as a monitoring method for 

low-risk patients with DTC (71), guidelines were given for patients who have undergone total 

or near-total thyroidectomy, radioactive iodine ablation and who have no clinical evidence of 

residual tumour and in whom serum Tg levels (<1µg/liter) are undetectable. TSH-stimulating 

Tg levels were recommended by the consensus group for follow-up, a sensitive test that could 

detect early recurrences or metastases for these patients (71). 

For the long-term follow-up other methods such as computed tomography, iodine-131 and 

other variants of scintigraphy, magnetic resonance imaging and PET scanning are sometimes 

helpful.  

Establishing optimal follow-up for patients with DTC remains challenging. It is important to 

detect an occult tumour that is amenable to treatment, which could be of benefit for many 

patients. 

 

 

 

2.4. General epidemiological aspects 

 
2.4. I. Validity of a study 

 

External validity of a study reflects the generalizability of study, that is, if the results are 

applicable to other populations. To what degree a measurement really reveals what it is 

intended to, is called the internal validity. In studies of causation, it implies accurate 
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measurement of effects apart from random errors. Various types of biases can detract from 

internal validity (72). 

 

2.4. II. Bias 

 

The systematic deviation away from the correct value is denoted as bias and a biased 

measurement lacks validity. Bias or systematic errors can be defined as a process of inference 

producing results that depart systematically from the true values. It can be classified 

according to three broad categories: selection bias, information bias and confounding (72). 

 

Selection bias is a systematic error originating from the procedures used to select study 

persons and from the factors influencing study participation (72). It can occur whenever the 

identification of individual subjects for inclusion into the study on the basis of either exposure 

(cohort) or disease (case-control) status differs between those who entered the study and those 

who would have been eligible but did not participate. Selection bias is a particular problem in 

case-control and retrospective cohort studies, where both the exposure and outcome have 

occurred at the time individuals are selected into the study. Selection bias is unlikely to occur 

in a prospective study because exposure is ascertained before the development of any 

outcomes of interest. 

 

Information bias is any systematic error in a study caused by misclassification of exposure 

variables or disease outcomes. Misclassifications of exposure or outcome is a problem in 

every cohort study, its effect will depend on whether the misclassification was independent of 

the outcome. Misclassification of exposure must be considered the Achilles´ heel of 

epidemiology. Non-differential or random misclassification results when inaccuracies exist in 

the categorization of subject by exposure or disease status but these accuracies occur in 

similar proportions in each of the study groups. The effect of random or non-differential 

misclassification is to increase the similarity between the exposed and nonexposed groups, so 

that any true associations will be diluted or underestimated. As a result the observed relative 

risk estimate will always be biased towards the null. A differential misclassification is more 

problematic since it can exaggerate and/or underestimate an effect.  

A bigger problem is normally differential misclassification. A common type of differential 

misclassification in case-control studies is recall bias, due to retrospective data collection. 
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Although recollection of past exposure should be the same for cases and controls, recall bias 

comes about because cases are more prone to recall than controls. 

 

Confounding is the mixing of effect of the exposure under study with the effect of another 

factor, so that the estimated relative risk is biased. The confounding variable must be related 

to the exposure and to the outcome under study. As an example, when examining the 

relationship between choice of surgical procedure and death due to DTC, it would be 

appropriate to adjust for TNM stage in a statistical regression model, since TNM stage is 

associated with the exposure of interest (if surgical procedure depends on TNM stage) and is 

an independent risk factor for death due to DTC. In other words TNM is a possible 

confounding factor. 

There are four types of techniques that can be used to deal with confounding when planning 

and analyzing a study (72): 

1. Restriction. The whole study population is limited to subjects having the same 

confounding exposures, for example all in the study population is the same age. 

2. Stratified analysis. Divides the confounding variable down to relatively narrow ranges 

(strata) and analyses each band separately. This is often called an “adjusted” estimate, 

since confounding effects have been adjusted for. 

3. Modelling. Various statistical modelling techniques are also commonly used to 

remove confounding during analysis. These are not limited by the numbers of strata 

and these techniques are much more flexible than stratified analysis. Estimates from 

these analyses are called adjusted. 

4. Matching. Subjects are matched on the potential confounding variable. If matching is 

employed to control confounding special statistical techniques are required to analyze 

data. Otherwise biased effect estimates may result. 

 

2.4. III. Effect modification occurs when the effect of the exposure under study varies in 

different groups (strata) determined by another factor and when two or more causes act 

through the same causal mechanism. Effect modification answers the question of whether the 

relationship between the exposure and disease appears to be the same or different for varying 

levels of a factor after baseline differences in that factor are controlled. It is present when the 

sum of the excess risks from the separate effects is not equal to the excess risk from the joint 

effect and it should be described and reported, not controlled (73). Confounding and effect 

modification could sometimes be difficult to distinguish. Normally effect modification adds 
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important information while confounding distorts the results. An effect modification or 

interaction can be visualized by inspection of the size and pattern of the effect estimates 

across strata, or by tests for interaction (in studies with enough power). A given factor can be 

both a confounder and an effect modifier. A confounding factor is associated with both 

exposure and disease but not on its causal pathway and it will mislead the estimate of the 

effect as described above, and should be controlled for when possible.  

 

2.4. IV. Chance or random error is another main type of error that can affect epidemiological 

studies. Random error is a variation in the data that we can not readily explain (72). Statistical 

methods are used to determine whether the observed differences are real or due to chance 

fluctuations. Statistical power is the probability to detect an effect if there really is one, which 

is influenced not only by the size of the study, but also number of cases or exposed 

individuals. The width of the confidence intervals and/or p-values roughly reflects the role of 

chance.  
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3. AIMS OF THE THESIS 
 
 
The present thesis focuses on non-medullary differentiated thyroid cancer (DTC) which 

includes the papillary (PTC) and follicular (FTC) sub-types. It was aimed at studying 

differences in risk factors, tumour characteristics and routine treatment modalities between 

survivors and non-survivors of DTC.  

 
 
The specific aims of the thesis were to: 
 
 
 

• Analyse the incidence and survival in Swedish patients with DTC in relation to 
age at diagnosis, gender, histopathology and calendar period.  

 
 

• Find out if risk factors such as smoking, reproductive factors, previous thyroid  
disorders and a family history of different diseases influence the prognosis for  
patients with DTC. 

 
 

• Study how different tumour characteristics affect prognosis and if a scoring 
system such as TNM, is prognostically accurate for patients with DTC. 

 
 

• Analyse how the surgical technique and the different postoperative treatments 
influence survival for patients with DTC. 
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4. MATERIAL & METHODS 

 

4.1. Data sources 
4.1. I. The national registration number was introduced in 1947 as a unique ten-digit (nine-

digit at the introduction) personal identifier (74). The ten-digit number consists of six digits 

denoting the year and date of birth, two digits originally specifying the county of residents 

(nowadays assigned without relation to place of birth), one digit to indicate the sex of the 

carrier, and a check-digit which is possible to calculate given the first nine digits. It was 

assigned to all Swedish residents alive in January 1st, 1947 and all residents born thereafter. 

The national registration number makes it possible to follow every individual from birth to 

death.   

 

4.1. II. The Swedish Cancer Register (SCR) was established in 1958, and holds records on 

all incident malignancies in Sweden. Reporting of incident tumours to the SCR has been 

mandatory for clinicians and cytologist/pathologists since 1958. The proportion of all thyroid 

cancers reported to the SCR for the period up to 1978 was estimated to be 98 % (75) but 

coverage is now considered to be close to 100 % (37). Cases detected incidentally at autopsy 

are included in the cancer registry but were excluded from this study. The SCR does not 

register tumours where the death certificate is the only source of information.  

 

4.1. III. The Swedish Cause of Death Register was established in 1952 and provides the 

date of death, as well as the underlying and contributory causes of death of all deceased 

Swedish residents. The causes of death are classified according to the International 

Classification of Diseases and Related Health Problems (ICD), version 6 to 10. The 

completeness is estimated to exceed 99 % (76).  

 

4.2. Study design 

 
4.2. I. Paper I 

 

The study was based on all thyroid cancers reported to the SCR between 1958 and 1987, with 

follow-up until December 31, 1999. The limitation of the period 1958-1987 was to allow for a 

sufficiently long follow-up time. Information on stage or treatment of the tumours is not 

recorded by the SCR, nor is detailed information on histopathology. The original 
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histopathological reports of all registered thyroid cancers were therefore examined to establish 

the histopathological entity of each case (13, 77). Of the 7,906 thyroid cancers reported to the 

registry, 1,405 (18%) patients with anaplastic and medullary thyroid cancers and 947 (12%) 

patients with follicular thyroid adenomas were excluded, leaving 5,554 individuals diagnosed 

with DTC in the study. The few HCC (n=125) did not allow detailed analyses and were 

therefore included in the FTC group. Tumours classified as mixed follicular and papillary 

were included in the PTC group. 

 

Statistical methods  

Annual incidence rates per 100,000 were calculated for 5-year age groups and 5-year calendar 

periods of diagnosis. The relative survival ratio, estimated from life tables, was used as the 

measure of patient survival. The relative survival ratio is defined as the observed survival in 

the patient group (where all deaths are considered events) divided by the expected survival of 

a comparable group from the general population, which is assumed to be free of the cancer in 

question. Expected survival was estimated using the Hakulinen method from Swedish 

population life tables stratified by age, sex, and calendar time (78). Relative survival was 

modelled using the life table regression model developed by Hakulinen and Tenkanen (79). 

The model provides estimates of excess hazard ratios (relative excess risk) (80) 

simultaneously adjusted for potential confounding factors. Expected and relative survival was 

estimated using software developed at the Finnish Cancer Registry (81). Standard errors were 

estimated using Greenwood’s method (82) and 95% confidence intervals constructed on the 

log cumulative hazard scale. 

 

4.2. II. Paper II-IV 

In order to study the association between additional potential prognostic factors and patient 

survival, a nested case-control study was conducted within the 5,554 patients diagnosed with 

DTC during 1958-1987. With this study design, information on only 21 % of all patients was 

needed. This is an efficient study design, compared to a full cohort analysis.  

Among the 5,123 patients who survived at least one year following diagnosis (of the 431 

deaths during the first year, 296 were due to DTC), matching with the Swedish Causes of 

Death Register for the period 1959-1999 identified 693 patients with DTC (ICD-7 number 

194) as the underlying cause of death. Information on potential prognostic risk factors was 

abstracted from the medical records of the 693 cases (see questionnaire in appendix). A group 
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of three specialists (a cardiologist, an oncologist and an endocrine surgeon) independently 

evaluated the medical records to confirm DTC as the cause of death when this was not 

obvious. Cause of death was reclassified for 42 (6 %) patients who died due to cardiovascular 

disease (n=22), other cancers (n=11), and thyroid cancer other than DTC (n=9). The cause of 

death for the patients classified as dying due to causes other than thyroid cancer was not 

routinely confirmed. Thirty-six potential cases were excluded because the medical records 

were not available, and 14 cases were excluded since they were diagnosed before the year of 

1958, leaving a total of 601 cases. 

A nested case-control study with time since diagnosis as the timescale was generated by 

randomly sampling one control for each case, matched by age at diagnosis (5-year age 

groups), sex, and 10-year calendar periods of diagnosis. Among the initially selected controls, 

26 of the medical records could not be located and 26 patients never had a DTC. A second 

control was therefore randomly selected. A third control had to be randomly selected for an 

additional three cases due to missing medical records. Six of the cases were aged above 90 

years at diagnosis and were excluded since no matching control could be identified, leaving 

595 sets of cases and controls in the analysis. 

 

Statistical methods  

A conditional logistic regression model was used to estimate odds ratios (OR) of death due to 

DTC with 95 % confidence intervals. Cases and controls were matched by time since 

diagnosis, age at diagnosis, sex and calendar period. Effects were considered statistically 

significant when the 95 % confidence interval for the OR did not include 1. The multivariable 

analysis adjustments were made for variables such as potential risk factors, histopathological 

subgroups, different tumour characteristics, TNM stage, type of surgical excision and 

different postoperative treatments. When interactions were suspected from a clinical point of 

view, interaction effects were estimated.  
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5. RESULTS 

 
5.1. Paper I 
Incidence of both PTC and FTC was higher among women, for PTC especially during the 

fertile part of life, than among men. Incidence of PTC increased significantly over time, a 

trend that was not observed for FTC. Women experienced a superior survival compared with 

men. The unadjusted relative survival estimates suggested a more favourable prognosis for 

patients diagnosed with PTC compared with those diagnosed with FTC, although much of this 

effect could be explained by the confounding effect of age. In contrast to our perceptions 

based on clinical practise, no difference between PTC and FTC in excess mortality could be 

shown the first years after diagnosis (when the majority of deaths occur). The following 7-20 

years after diagnosis, PTC patients experienced a lower mortality compared with FTC 

patients. From this study it was suggested that there may be a subgroup of thyroid tumours 

with superior prognosis diagnosed in women during the fertile part of life and that sex 

hormones may play a role in the etiology of these tumours. 

 

5.2. Paper II 

Potential risk factors such as smoking, reproductive factors, previous diseases and treatments 

and different family history were studied with death due to DTC as an outcome. Smoking 

men had a significantly increased risk of death due to DTC, a trend that was also seen for 

women, however not significant. Hormonal replacement therapies could not be evaluated in 

this study. Instead the number of children and its influence on prognosis was studied. No 

significant differences were found.  Previous thyroid diseases, other primary malignancies and 

prior treatment with external radiotherapy towards the neck were studied but were of no 

prognostic importance. A three times higher risk of death due to DTC was seen if a relative 

was diagnosed with a DTC. This increase of risk was not significant due to few numbers. 

Except for smoking, none of the other risk factors studied had any significant influence on 

survival.  

 

5.3. Paper III 

Possible histopathological risk factors and stage associated prognostic factors were studied. 

There was an increased risk of death due to DTC for patients diagnosed with FTC compared 

with patients with PTC. The histopathological subgroups widely invasive FTC and 

unspecified FTC conferred the least favourable prognosis. Differentiation grade of the tumour 
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was a strong determinant of prognosis. A strong association between TNM staging and 

mortality in DTC was seen. Patients in TNM stage 4 had a nine times higher risk of death due 

to DTC compared with patients in stage 2. Incomplete surgery was associated with poor 

survival. The proportion of patients in whom resection was considered complete varied with 

TNM stage and among cases and controls. Completeness of surgery modified the prognostic 

effect of TNM stage. The effect of incomplete removal was most obvious in TNM stage 1 in 

which the tumours are small. Metastases at the time of diagnosis, regardless if they were loco-

regional or distant were an indicator of worse prognosis.  

The TNM classification system could accurately define subclasses of patients with less 

favourable prognosis, possibly in need of a more aggressive therapy. The predictive value of 

the TNM system would be improved if incomplete surgical excision were also considered. 

 

5.4. Paper IV 

This study was aimed at trying to identify whether different treatment modalities influenced 

the prognosis. The risk of death due to DTC for patients who did not undergo any operation 

was almost three times higher compared with those who were operated. However, the extent 

and type of thyroid surgery that was performed did not influence the prognosis except for 

patients operated with a subtotal thyroidectomy, in which a doubled risk was discovered, 

compared with patients with any other type of resection. In an interaction model regarding 

type of surgery and TNM, it was found that patients in TNM stage 3 had a 50 % increased 

risk of death due to DTC if operated with a subtotal thyroidectomy, compared with a total 

thyroidectomy. No other interactions between TNM stage and operative procedures were 

seen. Lymph node surgery per se was not associated with prognosis. The risk of death after a 

loco-regional recurrence was five-fold. No improvement in survival was seen after 

postoperative treatments with radioactive iodine, external radiotherapy or chemotherapy. This 

risk in mortality for any of the mentioned postoperative treatments remained after adjustments 

for the other postoperative treatments and TNM stage. 
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6. METHODOLOGICAL ASPECTS 

 

6.1. Choice of study 
Intervention studies or clinical trials where the exposure or the treatment is randomly 

allocated to the participants by the investigators, preferably in a double-blind fashion, yield 

the most valid effect estimates owing to the inherent control of known and unsuspected 

confounding. Ideally evaluation of the effects of treatments should not be based on 

observational data. However, due to issues of cost, feasibility and ethics, other types of 

studies than intervention studies are needed. For patients with DTC a randomised controlled 

trial would be difficult to conduct in practice, due to the low incidence, the low mortality of 

the disease and the need for several decades of follow-up. Cohort studies are well suited for 

studies of rare exposures or multiple outcomes. They are less prone to bias from selective 

recall of exposure, especially when information on exposure and outcome is obtained 

independently, through a well-functioning registry such as the SCR. The general argument 

that cohort studies are expensive and time-consuming does not apply to retrospective cohort 

studies using registry-based follow-up. Case-control studies have a number of advantages in 

studies of rare diseases with unknown and multiple causes. When nested in a cohort the 

validity of the study is comparable to a historical prospective cohort study. 

 

6.1. I. Cohort study (Paper I) 

In a cohort study individuals are followed over time and disease occurrence is registered. Two 

or more groups that are initially free of the disease under study differ according to exposure to 

a potential cause of the disease and are observed over time to compare the incidence of 

diseases in each group. Cohort studies are particularly useful to study multiple possible 

outcomes from a single exposure (83). A cohort design is limited if the incidence of the 

disease under study is low, since a large number of people must be followed up for a long 

time before results are available. This could be both time-consuming and expensive. In the 

first paper, all patients with thyroid cancer in the SCR were collected and an incidence and 

survival analysis was performed on this cohort. The main restriction to this study was the 

limitation of information included in the registry such as TNM stage. 

 

6.1. II. Case-control studies (Paper II-IV) 

Case-control studies compare individuals with a disease to a control without the disease, 

looking for differences in previous exposures. Information on exposures is usually obtained 
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retrospectively. Researchers must rely on memory or the completeness of medical records. 

The difficulty of assessment of exposure, often termed information bias, is a major limitation 

to case-control studies. Another challenge is the selection of controls. It is important that 

exposures of the control group are representative of the source population from which cases 

are obtained, which means that the controls should be sampled independently of their 

exposure status and that it is important that any control should have the possibility to become 

a case. The case-control study is the most efficient study design when investigating a rare 

outcome, such as thyroid cancer. It is cost-effective and provides the ability to simultaneously 

study many exposures related to an outcome, and their potential interactions (83). A case-

control study of all patients that had died from differentiated thyroid cancer nested within a 

cohort of all patients diagnosed with differentiated thyroid cancer in Sweden was performed. 

A nested case-control study, unlike a standard case-control study, is not a retrospective study. 

After matching, the risk sets consist of subjects with the same matching factor level as the 

failure so that sampled case-control sets will be homogenous in the matching factor. It has the 

cost-efficiency associated with retrospective case-control studies but without the possibility of 

selection or information bias often associated with case-control studies.  

  

7. DISCUSSION AND FUTURE STUDIES 
 

To our knowledge, investigators in no other country have been able to study incidence and 

prognosis in patients with DTC in an entire population during a forty-year period. This was 

possible because of the access to the SCR and to the Swedish Cause of Death Registry.  

Hundahl et al studied approximately 50,000 thyroid cancers (1 % of total cases) during 1985-

1995, from the National Cancer Data Base. This data base covers nearly 60 % of all incident 

cancers in the USA (84). Relative survival rates for 5 and 10 years were estimated according 

to histopathology, stage and surgical treatment, however due to a follow-up period of 

maximum 10 years, full effect of treatment and prognostic factors could not be estimated.  

Studies of prognosis and mortality have generally included less than 200 patients, who died of 

verified DTC (22, 27-29, 31, 44, 85). When evaluating factors with a possible prognostic 

influence, it is important to have a large number of deaths. This study consisted of 595 

patients who died of DTC in Sweden during the years 1959 until 1999. During these 40 years 

the diagnostic methods and treatments have changed. For example, until 1980 the 

morphological signs of PTC had to have a papillary growth pattern but today it is sufficient 

that psammoma bodies or “ground-glass” nuclei are detected. In the early part of the calendar 
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period the proportions of falsely classified FTC were higher. Treatment modalities such as 

postoperative radioactive iodine treatment and type of surgical procedure chosen for patients 

with DTC have also varied over the time period. In the 1960s most patients were treated with 

lobectomy alone without adjunctive medical therapy (86). During the later time periods, most 

patients underwent total or near-total thyroidectomy and radioactive iodine remnant ablation 

and thyroid hormones suppression of TSH (87, 88) although this is still an approach not 

without controversy (40, 89).  

In the last decade new techniques for detecting recurrences have been developed and have 

improved the follow-up of DTC patients. Thyroglobulin tests, computed tomography and 

ultrasound are some examples. How improvements in detection and treatment influence the 

survival for patients with DTC is a question for future studies to answer. 

 

In the first paper the entire Swedish DTC-population was studied. It was discovered that 

survival was increased for patients diagnosed in later calendar periods, that gender was of 

great importance and that the most significant prognostic factor for predicting outcome in 

patients with DTC was age. Improved technology and more accurate and precise methods to 

diagnose carcinomas, can explain an increased survival for patients with DTC in later 

calendar periods. Why 99 % of patients younger than 40 years of age, but only 50 % of 

patients above 70 years of age at diagnosis survive their DTC for at least 10 years is not fully 

understood. One explanation could be that thyroid disorders such as hyper- or hypo-

thyroidism are usually diagnosed in patients before or during middle age. During 

investigations incident DTC of an early TNM stage could be found. The diagnosing in the 

elderly patient without any symptoms is more likely to be delayed. Another possibility is that 

there is a subgroup of aggressive tumours that are found primarily in elderly patients.  

The gender difference with a 3:1 incidence in female: male ratio, and at the same time a better 

survival for females, especially with PTC, indicates an influence associated with sex 

hormones. The carcinomas diagnosed during the fertile part of especially females life seems 

to be less aggressive than carcinomas diagnosed later in life. The question whether these are 

different entities of tumours, or if cell damages or genetics defects are more pronounced later 

in life, inspires to future studies. 

 

In Paper II risk factors that influenced not only the incidence but also the prognosis of DTC 

were investigated. The risk of death due to DTC for smoking patients was increased which is 

contradicting some other studies (90-93). Questions were raised of a protective hormonal 
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factor and a possible association with a less aggressive DTC found primarily in young female 

patients. No association between number of births and DTC was found. Oral contraceptives 

and HRT were introduced during the 1960s and 1970s. Unfortunately, information on this 

type of exposures was missing. In a future prospective study design it would be valuable to 

compare the incidence and survival in women who have taken oral contraceptives and/ or 

HRT, with those who have not. Risk factors that, such as previous thyroid disorders, a family 

history of thyroid disorders and malignancies and prior radiation towards the neck did not 

influence survival for patients with DTC in this study, which is in contrast to previous 

findings (20, 94, 95). 

 

In Paper III potential tumour characteristics that could influence survival of DTC were 

investigated. In the first paper no difference was seen between FTC and PTC after 

adjustments for age at diagnosis, calendar period and gender the first six years after diagnosis. 

However, an increased risk of death was seen for FTC patients in the nested case-control 

study. Patients with widely invasive FTC had a particularly bad prognosis. When matching by 

age at diagnosis and gender, a selection of comparatively older and a large number of male 

patients would be included in the nested case-control study compared with the cohort study. 

The incidence of PTC is especially pronounced during the fertile part of women lives; here, 

among cases PTCs were relatively few as were young female patients. After six years the 

difference in survival between FTC and PTC increases (in Paper I), showing the importance 

of long-time follow-up for patients with DTC. 

The well-known TNM scoring system was used as a comparison. For the Swedish population 

this scoring system predicted the risk of death due to DTC according to stage and age at 

diagnosis accurately. Furthermore, TNM takes lymph node status into consideration, a feature 

indicated to influence survival for patients with DTC. Unfortunately, TNM lacks 

completeness of surgery, one of the most essential prognostic factors for DTC patients; the 

addition of this information would improve the system. Tumour characteristics such as 

differentiation grade and vascular invasion also had a prognostic influence on mortality for 

patients with DTC. Additional information to the TNM scoring system, of surgical 

completeness and of differentiation grade of the tumour, would be of great value. 

 

In Paper IV the influence of surgical technique and postoperative treatments for DTC 

patients’ prognosis were studied. Ideally, a prospective randomised controlled trial with at 

least 20-30 years of follow-up should provide answers to questions concerning treatment. It 
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has been estimated that a randomised study to detect a 10 % reduction in thyroid cancer 

mortality rates 25 years after radioactive iodine treatment would require 4,000 patients in each 

arm of the study and would take a decade or more to enrol, making results available after 35 

years (96).  A study of that kind would have to be conducted in a multicenter design. 

However, this would be both expensive and time-consuming. At present, the core information 

of therapy derives from large retrospective cohort studies of patients observed for decades. In 

this study, a nested case-control setting for comparing the effect on mortality for patients with 

DTC according to different types of thyroid surgical procedures was used. Treatment tradition 

varies around the country as well as in the rest of the world, and the debate if one should 

perform a hemi-thyroidectomy or a total thyroidectomy is still on-going (46, 85, 97). For 

patients with a tumour in TNM stage 3 operated with a subtotal thyroidectomy death due to 

DTC was increased. One possible explanation is that large tumours in TNM stage 3 are more 

likely to be resected incompletely depending on their growth pattern. Operations described as 

total thyroidectomies could represent tumours that respected the capsule of the thyroid. Apart 

from subtotal thyroidectomies for stage 3 patients, the mortality was not influenced by the 

surgical procedure chosen, not even after adjustment for TNM stage. One can claim that the 

risk for loco-regional recurrence is increased and therefore also death due to DTC if any 

partial resection of the thyroid is performed. An association between incomplete surgical 

excision, subtotal surgical procedures and loco-regional recurrence was noted, although not 

statistically significant.  

No improvement in survival after any of the postoperative treatments such as external 

radiotherapy, chemotherapy or radioactive iodine was seen. The drawbacks of a nested case-

control design compared with a randomised controlled trial for treatment effects, is the risk of 

reversed causality, i.e., patients with a large or non-resectable tumour or distant spread of 

disease will be more likely to have postoperative treatments of the above mentioned kind. In 

this study nearly half of all patients were treated with radioactive iodine postoperatively, 

including patients in TNM stage I. As mentioned before, no randomised controlled trial has 

been performed which could show an effect of radioactive iodine treatment on survival. 

However, previous studies have showed a prolonged relapse-free period (47). To conclude, 

patients with the most aggressive forms of DTC will probably not survive irrespective of 

postoperative treatment. However, these treatments might improve the patient’s quality of life 

and delay recurrences.  
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An important issue for future studies is the mechanism and possible association of hormones 

in patients with DTC. Are female patients protected by hormones such as estrogens or are the 

carcinomas in females, especially in younger patients, of a less aggressive type? Molecular 

genetic studies have already tried to explore deformities in genes such as the RET/PTC and B-

Raf oncogenes and if they could explain why some tumours behave more aggressively than 

others (98, 99). Another approach is to investigate differences in MIB-1 index between cases 

and controls in the histopathological specimens. MIB-1 is an antibody directed against the 

proliferation factor Ki67. It has been shown that aggressive tumours have a higher MIB-1 

index than less aggressive tumours (100). If all cases in the present study have a higher MIB-1 

index compared with the controls, this could be very promising: MIB-1 index measured 

already at the time of operation could help the clinician in individualizing the postoperative 

treatment for each patient.  

 

For follicular lesions FNAC is not conclusive and patients are thus referred to surgery for a 

conclusive histopathological examination. A multicenter study tested the usefulness of 

immunohistocytochemical staining for two potential malignant thyrocytes. Expression of 

galectin-3 and another glycoprotein (CD44v6) was tested, using monoclonal antibodies, on a 

thousand thyroid lesions. The sensitivity and specificity  for galectin-3 alone to discriminate a 

benign from a malignant thyroid lesions was more than 99 % and 98 % respectively (101). 

Further studies would be of great importance to decide if this test method together with FNAC 

is sufficient as a specific indicator of FTC. Another promising marker of malignancy in 

follicular thyroid tumours is the detection of the fusion oncogene PAX8/PPARgamma (102). 

However, later studies have not been able to reach sufficient positive predictive values from 

neither of these tests (103).  
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8. CONCLUSION 

 
The main findings of this thesis were: 
 

• The incidence of DTC was increased for women compared with men, and at the same 
time women had a better prognosis. 

 
• Age was the most important prognostic factor for survival in DTC, followed by gender 

and calendar period at diagnosis. 
 

• Possible risk factors for the incidence of DTC, such as previous radiotherapy towards 
the neck and family history of different thyroid diseases and malignancies, did not 
influence the prognosis.  

 
• Smoking increased the risk of death due to DTC. 
 
• The TNM classification was a valid prognostic scoring system for patients with DTC. 

The addition of “completeness of the surgical excision” would improve the system. 
 

• Histopathological findings such as the tumour’s differentiation grade, vascular 
invasion and if the follicular thyroid cancer was widely invasive, were of importance 
for the prognosis.  

 
• Both lymph node metastases and distant metastases increased the risk of death due to 

DTC. 
 

• The surgical extent was not a prognostic factor as long as the excision of the primary 
tumour was complete. 

 
• Postoperative treatments including radioactive iodine, external radiotherapy and 

chemotherapy did not improve survival for patients with DTC. 
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9. SAMMANFATTNING 
 
För er som vill läsa den enkla, korta svenska versionen av vad jag ägnat mig åt under några 
år. 
Sköldkörteln (lat, thyreoidea,) är en hormonproducerande körtel som deltar i kroppens 
kalkreglering och ämnesomsättning. Endast 1 % av all cancer utgår från sköldkörteln. Det 
finns fyra grupper av sköldkörtelcancer; papillär (PTC), follikulär (FTC), medullär och 
anaplastisk. PTC och FTC, vilka gemensamt kallas för differentierad sköldkörtelcancer 
(DTC), är de vanligaste formerna (70-90 %) och de har även bäst prognos. Inom ramen för 
detta avhandlingsprojekt studerades varför en del av patienterna med DTC, trots den goda 
prognosen avlider. För att kunna studera överlevnad krävs en lång uppföljningstid, särskilt för 
patienter med DTC eftersom återfall kan komma plötsligt efter 20-30 år. Tack vare våra 
svenska register (i denna studie, cancer- och dödsorsaksregistret) som är baserade på 
personnummer, kan stora befolkningsstudier genomföras.  
Ur cancerregistret identifierades alla patienter med DTC, som diagnostiserades under åren 
1958 (då cancerregistret startades) till och med 1987. Totalt 5 554 patienter utgjorde därmed 
den s.k kohorten och dessa följdes till 31/12 1999. 
I det första delarbetet analyserades hur incidensen (antal nya fall av DTC/år) och 
överlevnaden såg ut med avseende på ålder, kön och vilket år patienterna diagnosticerades 
inom denna kohort. DTC var tre gånger vanligare hos kvinnor jämfört med hos män och detta 
framförallt för den histologiska undergruppen PTC. I överlevnadsanalysen noterades att 
kvinnor har en bättre prognos jämfört med män. Ålder är en viktig faktor; 99 % av alla 
patienter som är under 40 år vid diagnostillfället överlever i 10 år, vilket kan jämföras med de 
patienter som vid diagnostillfället är över 70 år, där ca 50 % dör av sin DTC.  
I arbete 2, 3 och 4 studerades faktorer som kan påverka prognosen, dvs. risken att avlida i sin 
DTC. Ur dödsorsaksregistret, identifierades alla patienter som under perioden 1958-1987  
avlidit till följd av sin DTC (vilka var 693 st). Dessa fall matchades sedan slumpmässigt mot 
en kontroll (av samma kön, ålder och som diagnostiserats under samma 10 års-period) ur 
kohorten, dvs. de som hade DTC men som inte avlidit till följd av denna ( en s.k ”nested” fall-
kontrollstudie). Efter noggrann journalgenomgång identifierades vissa skillnader mellan de 
patienter som avlidit till följd av sin cancer jämfört med dem som överlevt. Bland annat var 
tumörstorlek, växtsätt och spridning av tumören viktiga faktorer för överlevnaden i DTC. 
Däremot påverkades inte överlevnaden av om patienten hade haft andra 
sköldkörtelsjukdomar, en annan malignitet, om patienten fått strålning mot halsen som 
behandling eller om det förelåg en ärftlighet för någon av de nämnda sjukdomarna. Om 
kirurgen vid operation av sköldkörteln lyckades få bort hela tumören med god marginal så var 
prognosen avsevärt mycket bättre än om tumören inte var radikalt bortopererad. Vilken 
kirurgisk metod som valdes påverkade inte prognosen. Efterbehandling med radiojod, 
strålning eller cellgifter förbättrade inte överlevnaden. Det berodde sannolikt på att dessa 
behandlingar framförallt ges till de patienter som redan har en avancerad sjukdom, och 
därmed inte kommer överleva oavsett vilken behandling som ges.  
I tidigare studier där man bedömt risk för död i DTC har högst 200 patienter som dött av DTC 
ingått (pga den goda prognosen för dessa patienter). Det unika med denna studie var det stora 
antalet fall (595 st. efter det att 98 st. exkluderades till följd av felaktig diagnos eller att 
journaler saknades). Det medförde att studien hade en unik styrka (s.k. ”power”). Möjligheten 
att värdera olika riskfaktorer och dess inverkan på överlevnaden är därmed god jämfört med 
de flesta andra studier. Förhoppningen är att det leder till att man på ett bättre sätt kan 
individualisera behandlingen för patienter med DTC. Patienter med god prognos skulle inte 
behöva behandlas i onödan och patienter med sämre prognos skulle kunna behandlas med de 
utökade rersurser som krävs. 



 37

 
10. APPENDIX 
   
10.1 Definitions  
Inclusion/Exclusion criteria  

1) Included: patients with a DTC who died (only cases) due to their DTC. The DTC 
must have been diagnosed during 1958-1987. 

2) Excluded: a) patients with no records of a DTC  
         b) patients with another thyroid cancer (ATC or MTC)  
         c) patients that were diagnosed before 1958.  

Only cases: a) if the cause of death was apparently due to another disease such as  
                      heart failure,  

          b) if the DTC was not aggressive enough to cause the death. 
3) Uncertainty: (only cases)  

          a) when cause of death is uncertain,  
          b) if the diagnosis of DTC is unclear and more medical records are    
              needed, 
if impossible, a discussion in the specialist group, to exclude or include.  

 
Cause of death 

1) DTC: Distant metastases or primary tumours that have caused the death by for 
     example pulmonary and/or heart failure. If a locally advanced tumour causes death by  
     bleeding or constriction in the trachea. 
 2) Not DTC: If the patient at the time of death did not have a loco-regional recurrence or 
    distant metastases or the DTC was apparently inactive.   
 3)  Uncertain: More medical records needed and a discussion in the specialist group.  
4) With DTC: The patient has an active DTC, but not very aggressive, surgery is not 

radical or he/she has a loco-regional recurrence or distant metastases but of less 
aggressive type and the patient dies due to other events such as a more fatal cancer, 
heart failure or trauma.  

Definitions of tumour size from the histopathology report 

Names/Description used in case records         Approximated size of tumour 
 Marbles   < 2 cm 

Pea   < 2 cm 
Bean   < 2 cm 
Nail   < 2 cm 
Nickel/ Dime   < 2 cm 
Hazelnut   < 2 cm 
Walnut   2-4 cm 
Almond   2-4 cm  
Chestnut   2-4 cm 
Date   2-4 cm 
Grape   2-4 cm 
Golf-ball   > 4 cm 
Mandarin   > 4 cm 
Plum   > 4 cm 
Chicken egg   > 4 cm 
Fig   > 4 cm 
Goose egg   > 4 cm 
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10.2 Protocol 

THE SWEDISH PROGNOSTIC THYROID CANCER STUDY  

1958-1987 
 

Name …………………………………………………………………………………….. 
 
 

  1. ID no.  

  2. Hospital, code  

  3. Department, code   

  4.  Gender  -  male=1;  female=2  

  5. Residency, ZIP code  

  6. Occupation  -  no info=0;  known=1   

 Occupation …………………………………………………………………..  

  7. Smoker  -  no info=0;  yes=1;  no=2;  

  8. No. of cigarettes/day  -  <20=1;  >20=2  

  9. Children  -  no info=0;  yes=1;  no=2  

10.  No. of children  

11. Family history of thyroid cancer  -  no info=0;  yes=1;  no=2  

12.              Children=1;mother=2;father=3;siblings=4;other=5  

13. Family history of cancer  -  no info=0;  yes=1;  no=2  

 Children=1;  mother=2;  father=3;  siblings=4;  other=5 

14. relative  type, ICD-7 code  

15. relative  “ “  

16. relative  “ “  
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17. Family history of thyroid disorder  -  no info=0;  yes=1;  no=2  

 Relative: children=1;  mother=2;  father=3;  siblings=4;  other=5 

 Disorder: hypothyroidism=1;  atoxic nodular goiter=2; 

toxic nodular goiter=3;  Graves’ disease=4; 

Hashimoto’s thyroiditis=5;   unkown=6 

18. relative  disorder  

19. relative  disorder  

20. relative  disorder  

21. Previous thyroid disorder  -  no info=0;  yes=1;  no=2  

22. Hypothyroidism=1;  atoxic nodular goiter=2;  toxic nodular;  goiter=3; 

 Graves’ disease=4;  Hashimoto’s thyroiditis=5;  unkown=6  

23. Previous thyroid disorder treatment  -  no info=0;  yes=1;  no=2  

24. Hormone replacement therapy (HRT)=1;  surgery (S)=2; 

 131I therapy=3;  HRT+S=4;  HRT+S+131I=5;  S+131I=6;  1+3=7  

25. External radiotherapy  -  no info=0;  yes=1;  no=2    

26. Previous cancer  -  no info=0;  yes=1;  no=2  

27. 1 Date of diagnosis  

28. Type (ICD-7)  

29. 2 Date of diagnosis  

30. Type (ICD-7)  

31. Surgery  -   no info=0;  yes=1;  no=2  

32. Radiotherapy  -   no info=0;  yes=1;  no=2  

33. Chemotherapy  -   no info=0;  yes=1;  no=2  

34. Previous benign disorder treated with radiotherapy at neck 

  no info=0;  yes=1;  no=2  



 40

 

35. Date of thyroid cancer diagnosis   

36. Cytology, no.  

37. Histopathological specimen, no.  

38.   

39.   

40. Re-examined, specimen no.  

41. Histology  -  no info=0;  unspecified follicular=1;  minimally  

  invasive follicular=2;  widely invasive follicular=3;  papillary=4; 

  papillary of follicular type=5;  papillary and follicular=6;  other=7  

42. Uncertain histology  -  no info=0;  yes=1;  no=2  

43. Tumor cell differentiation  -  no info=0;  yes=1;  no=2  

44. High=1;  intermediate=2;  low=3;  1+2=4;  2+3=5  

45. Tumor stage  -  no info=0;  yes=1;  no=2  

46. Stage 1-4  

47. Other histopathological findings  -  no info=0;  yes=1;  no=2  

48. Lymphocyte infiltration=1;  Hürthle cell tumor=2;   

 presence of connective tissue=3;  vascular invasion=4  

49. Free resection margins  -  no info=0¸  yes=1;  no=2  

50. Preoperative diagnosis of thyroid cancer  -   

 no info=0; cytology=1;  surgery=2;  clinical=3  

51. Method  -  no info=0; yes=1;  no=2;  suspicion=3  

52. Date of surgery   

53. Thyroid surgery  -  no info=0;  yes=1;  no=2  
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54. Biopsy=1;  unilateral resection=2;  bilateral resection=3; lobectomy=4 

 lobectomy+ resection=5;  total thyroidectomy=6; 

 subtotal thyroidectomy=7;  not indicated=8  

55. Comments ………………………………………………………………………… 

56. Lymph node surgery  -  no info=0;  yes=1;  no=2  

57. No. of lymph nodes resected:  no info=99;  unspecified=98  

58. No. of metastasized lymph nodes:  no info=99;  unspecified=98  

59. Type of lymph node surgery  -  no info=0;  yes=1;  no=2  

60. Radical neck dissection=1;  bilateral modified neck dissection=2; 

 unilateral modified neck dissection=3;  node picking=4  

61. Radical surgery performed  -  no info=0;  yes=1;  no=2;.  

62. if No, reason:  tracheal growth=1;  vascular growth=2 

 soft tissue=3;  other=4  

63. Distant metastases at diagnosis  -  no info=0;  yes=1;  no=2   

64. Localization: lung=1; liver=2; skeleton=3; other=4  

65. Chemotherapy  -  no info=0;  yes=1;  no=2  

66. External radiotherapy  -  no info=0;  yes=1;  no=2  

67. 131I-treatment  -  no info=0;  yes=1;  no=2  

68. Date  

69. T24 %  

70. Total no. of treatments   

71. Total 131I amount, mCi   

72. Local recurrence 1  -  no info=0;  yes=1;  no=2  

73. Date of recurrence  

74. Treatment: no info=0;  surgery=1;  ext. radiotherapy=2; 
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 131I=3;  1+2=4; 2+3=5;  1+2+3=6 ; 1+3=7  

75. Local recurrence 2  -  no info=0;  yes=1;  no=2  

76. Date of recurrence  

 

77. Treatment: no info=0;  surgery=1;  ext. radiotherapy=2; 

 131I=3;  1+2=4;  2+3=5;  1+2+3=6;  1+3=7  

78. Distant metastases  -  no info=0;  yes=1;  no=2  

79. Date of diagnosis  

80. Localization 2: lung=1; liver=2; skeleton=3; other=4  

81. Localization 3: lung=1; liver=2; skeleton=3; other=4  

82. Deceased  -  no info=0;  yes=1;  no=2  

83. Date  

84. Cause of death register, ICD-code  

85. Because of thyroid cancer  -  no info =0;  yes=1;  no=2,  uncertain=3                                       

with thyroid cancer =4  

86. Re-examination, histology  -  no info=0;  unspecified follicular=1;   

 minimally invasive follicular=2;  widely invasive follicular=3;   

 papillary=4;  papillary of follicular type=5;   

 papillary and follicular=6;  other=7  

87. Date of re-examination  

88. Patient  -  included=1;  excluded=2;  control=3;   

 re-examination=4  

89. Comments: ……………………………………………………..…………………… 

  ………………………………………………………………………….. 

  Signature of abstractor …………………Date ……………………. 
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