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8

The aim of this thesis is to contribute to optimizing the care for patients with differentiated 

thyroid cancer (DTC) in different areas. In the diagnostic field; by evaluating the quality of 

FNA in our hospital and identifying factors associated with adequacy rate. In the area of 

customized follow-up: by investigating the use of biochemical markers and the use of 

diagnostic 131I whole-body scan in high-risk patients. And in the prognostic area by trying 

to identify prognostic factors in patients with known metastatic lymph nodes.

EP IDEMIOLOGY 

Differentiated thyroid cancer (DTC) is the most common type of thyroid cancer. Of the 

differentiated thyroid cancers, papillary cancer comprises about 85% of cases and about 

12% have follicular histology, including Hürthle cell carcinomas. DTC has become 

increasingly prevalent over the last decades (1). Cervical lymph nodes are involved in 

20–50% of patients and may be present even when the primary tumor is small and 

intrathyroidal. The frequency of micrometastases in cervical lymph nodes (<2mm) may 

approach 90% (2-9). Incidence rates in the Netherlands are 2:100.000 for men, and 

4.5:100.000 for women. In 2016, 552 patients were diagnosed with differentiated thyroid 

cancer in the Netherlands (10). 

DIAGNOS IS

Patients usually present with a palpable mass in the neck. This can be a thyroid nodule or 

enlarged lymph node(s). When a thyroid nodule is discovered, a complete history and 

physical examination focusing on the thyroid gland and adjacent cervical lymph nodes 

should be performed. 

Clinical features suggestive for malignancy are relative rapid growth, fixation to surrounding 

tissue, cervical lymphadenopathy, hoarseness because of infiltration of the recurrent 

laryngeal nerve, inspiratory stridor or dysphagia due to compression of the trachea and 

esophagus. Historical factors predicting malignancy include a history of childhood head 

and neck radiation therapy, total body radiation, exposure to ionizing radiation in childhood 

or adolescence, familial thyroid carcinoma, or thyroid cancer syndrome (e.g., Cowden’s 

disease, FAP, Carney complex, Werner syndrome/progeria), in a first degree relative (11). 

With the discovery of a thyroid nodule >1 cm, a serum thyroid-stimulating hormone (TSH) 

level should be measured. If the serum TSH is subnormal, a radionuclide thyroid scan 

should be performed to document whether the nodule is hyperfunctioning (‘hot’), 

isofunctioning (‘warm’) or nonfunctioning (‘cold’). Cytologic evaluation is necessary for 

‘cold’ nodules. A higher serum TSH level is associated with increased risk of malignancy 

in a thyroid nodule, as well as more advanced stage thyroid cancer (12-13).
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Ultrasound
Diagnostic ultrasound (US) of the thyroid and cervical lymph nodes should be performed 

in all patients with known or suspected thyroid nodules (11). Central and lateral 

compartments should be evaluated for the presence of pathological lymph nodes. 

Preoperative US, however, identifies only half of the lymph nodes found at surgery, due 

to the presence of the overlying thyroid gland (14).  

Fine needle aspiration
Fine needle aspiration (FNA) is the standard tool for diagnosing thyroid cancer and has led 

to a decrease in the number of thyroid surgeries and an increase in cancer detected during 

thyroid surgery (15-17). Still, a considerable percentage, up to 30% of all FNA specimens, 

are indeterminate and do not predict the nature of the thyroid tumor.

Thyroid FNA cytology is reported using diagnostic groups outlined in the Bethesda System 

for Reporting Thyroid Cytopathology. The Bethesda system recognizes six diagnostic 

categories and provides an estimation of cancer risk within each category based upon 

literature review and expert opinion. These categories and the associated risks of 

malignancy are (18):

1) non-diagnostic/unsatisfactory

2) benign: <1%

3)  atypia of undetermined significance/follicular lesion of undetermined significance (AUS/

FLUS): 5-10%

4)  follicular neoplasm/suspicious for follicular neoplasm (FN/SFN), a category that also 

encompasses the diagnosis of Hürthle cell neoplasm/suspicious for Hürthle cell 

neoplasm: 20-30%

5) suspicious for malignancy: 50-75%

6) malignant: 100%

A major limitation of FNA is a high rate of non-diagnostic specimen, up to 43% (19-24).

Causes of inadequate samples can be quantitative (low cellularity) or qualitative. Low 

cellularity may be due to a cystic component of the nodule, poor aspirating technique, or 

lack of experience with thyroid FNA. Qualitative problems may occur if too much blood 

is present or if a smear is fixated and stained inadequately. When repeated FNA remains 

non-diagnostic, only lobectomy offers a definitive diagnosis. A high rate of non-diagnostic 

specimen delays diagnosis, increases costs of the diagnostic tract, and may result in 

patient anxiety and discomfort (25). 

To improve the quality of FNA, factors associated with adequacy rate need to be identified. 

Ultrasound (US)-guided FNA has been identified as a possible factor to improve adequacy 

rate (20-21). The two established guidelines on the management of thyroid nodules 

(American Thyroid Association (ATA) and the American Association of Clinical 

Endocrinologists (26-27), however, differed on their recommendation with respect to the 

use of US-guided-FNA. The American Association of Clinical Endocrinologists recommends 
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US-guided FNA for all tumors >10 mm, whereas the ATA does not favor US guidance over 

palpation-guided FNA. In our hospital, the US-guided FNA technique was implemented a 

few years earlier, without previous evaluation of the results of palpation-guided FNA. We 

therefore compared results of palpation- and US-guided FNA, evaluated the overall quality 

of all FNA samples of thyroid nodules over a 10-year period in our hospital and tried to find 

other factors associated with adequacy rate. 

Chapter 2 describes the overall quality of FNA over a ten-year period in our hospital and 

compares the results between palpation- and US-guided FNA. 

Staging 
The TNM classification system (AJCC/UICC TNM staging) is used for all patients with DTC. 

Postoperative staging is used to provide prognostic information, which is of value when 

considering therapeutic strategy and surveillance. The TNM classification systems uses a 

combination of age at diagnosis, size of the primary tumor, specific tumor histology, and 

extrathyroidal spread of the tumor (direct extension of the tumor outside the thyroid gland, 

loco-regional metastases, and/or distant metastases) to stratify patients into one of several 

categories with different risks of death from thyroid cancer. The TNM classification is 

primarily used to guide initial therapeutic interventions.

Treatment
Goals of initial therapy for DTC patients are to improve overall and disease-specific survival, 

reduce the risk of persistent and/or recurrent disease and permit accurate disease staging 

and risk stratification. Postoperative risk assessment dictates subsequent disease 

Figure 1-2. Levels of the neck (Medscape Neck Dissection Classification)
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management and follow-up strategy. Historically treatment for DTC larger than 1 cm 

consists of a near-total or total thyroidectomy followed by radioactive 131I ablation and TSH 

suppression in the Netherlands. 

Radioactive iodine ablation therapy 
Adjuvant radioactive 131I (radioiodine) ablation treatment is used in different ways: in order 

to treat micro-metastases in the cervical lymph nodes and residual thyroid tissue, it can 

facilitate detection of recurrence with a post therapeutic whole-body scan and it may be 

used as therapy for recurrent disease. Total thyroidectomy followed by radioiodine ablation 

allows for accurate staging and risk stratification and permits accurate long-term surveillance 

for disease recurrence using the thyroid specific thyroglobulin (Tg) as a tumor marker. 

Cervical lymph node involvement
Lymph node metastases are present in a majority of patients presenting with papillary 

thyroid cancer at the time of initial diagnosis and in a lesser proportion of patients with 

follicular thyroid cancer (28-30). The effect of the presence or absence of lymph node 

metastases on overall survival, if present at all, is low. Presence of lymph node metastases 

however does affect the risk of recurrence. 

The most common site of nodal metastases is in the central compartment of the neck 

(level VI). Patients with clinically involved lymph nodes of the central compartment (cN1a) 

and patients with biopsy proven metastatic lateral lymphadenopathy (cN1b) are treated 

with central (level VI) and lateral compartment (II-IV/V) neck dissection.

FOLLOW-UP

The primary goal of long-term follow-up is accurate surveillance for possible recurrent 

disease. Until now, despite of classification systems like the AJCC TNM classification, 

there is a relative inability to accurately predict the risk of death or recurrence from thyroid 

cancer for individual patients. This may be related to the failure of current staging systems 

to adequately integrate the clinicopathologic features with other potentially important 

factors such as specific histology (well vs poorly differentiated cancer), size and location 

of distant metastasis, molecular profile, functional status of metastatic disease (131I avid 

versus 18F-FDG-PET avid) and effectiveness of initial therapy (completeness of resection, 

effectiveness of RAI). 

Tg and Tg-antibodies (Tg-Ab)
Thyroglobulin is a hormone exclusively produced by thyroid tissue. It is therefore a potent 

tumor marker especially for patients treated with total thyroidectomy and radioactive iodine 

remnant ablation. In the absence of Tg-Ab serum Tg has a high sensitivity and specificity 

to detect thyroid cancer. When compared to other modalities used in the follow-up of DTC 

patients (US, diagnostic whole-body scan), recombinant human (rh)TSH stimulated Tg 
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measurement is the most sensitive method to detect recurrence (31). Dedifferentiation of 

tumors can cause tumor cells to stop producing thyroglobulin. In these patients, Tg levels 

are falsely low or undetectable. Additional imaging techniques should be used for these 

patients if recurrence is suspected. 

During follow-up, it is important to detect recurrent disease without ‘over-investigating’ 

DTC patients. The timing and intensity of follow-up of patients remains largely unclear and 

guidelines are not explicit. The main problem is the absence of prospective trials, which 

are difficult to perform because survival rates are excellent and recurrences can develop 

many years after primary treatment. 

Several authors have shown that an undetectable stimulated (either by rhTSH stimulation 

or after LT4 withdrawal) Tg level 9-12 months after diagnosis has a very high negative 

predictive value for recurrence, especially in low-risk patients (32-34). Limited evidence is 

available for high-risk patients. Tuttle (35) showed the same result for high-risk patients 

and proposed a re-staging of patients based on their response to therapy and tailor their 

follow-up accordingly.

In our cohort, median follow-up of all patients was very long and, moreover, it was uniform. 

Only a small percentage of patients were diagnosed with disease recurrence. A large 

portion of patients, also patients initially classified as high-risk patients were therefore 

‘over-investigated’ during follow-up, indicating that classification of low-and high-risk should 

be improved. Our goal was to investigate whether stimulated-Tg levels 9-12 months after 

initial therapy could more accurately identify low- and high-risk patients. Also, we wanted 

to investigate whether repeated stimulated-Tg measurements, especially for initially 

classified high-risk patients, were of added value during follow-up. By doing so, we hope 

to contribute to a more individualized follow-up for DTC patients. Chapter 3 describes the 

use of Tg as a marker for disease recurrence and as a tool for risk modification and the 

value of repeated Tg measurement during follow-up. 

Patients with the expression of thyroglobulin-antibodies (Tg-Ab) pose a specific problem 

during follow-up; Tg levels cannot be accurately measured because of interference of the 

Tg-Ab with Tg testing. Tg levels can be falsely elevated (radioimmunic assays) or lowered 

(immunometric assays). Tg-Ab are present in approximately 20-25% of DTC patients. In 

patients without disease recurrence, but with the presence of Tg-Ab, Tg-Ab serum levels 

usually disappear over a median of 3 years.

Serial serum Tg-Ab quantification has been suggested as a surrogate marker for disease 

recurrence (36,37), while others found contradictory results (38). 

A major limitation of these studies is the absence of a clear definition of a ‘rising’, ‘declining’ 

or ‘stable’ trend of Tg-Ab level. The study of Kim et al. (39) is one of the few studies that 

does define a rising and declining trend, and it has been incorporated in a consensus 

meeting regarding this subject. A rise is defined as ≥ 50% rise in concentration of measured 

Tg-Ab 6–12 months after remnant ablation compared to measurements during remnant 

ablation and a decline is defined as a ≥ 50% decline in Tg-Ab levels. However, the clinical 

application or relevance of this definition in DTC patients > 12 months after primary 

treatment had not yet been studied. 
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The aim of the study presented in Chapter 4 therefore was to evaluate the outcome of 
patients with Tg-Ab during follow-up and to determine whether Tg-Ab trends can serve as 

a surrogate marker for disease recurrence in patients with well-differentiated thyroid cancer 

during long-term follow-up using well-defined criteria for rising, stable and declining Tg-Ab 

levels. 

Diagnostic 131I whole-body scan (DxWBS)
Traditionally, follow-up of DTC patients consisted of periodic clinical assessment, US of the 

neck and performance of TSH –stimulated (either after LT4 withdrawal or after recombinant 

human TSH injection) Tg and Tg-Ab measurement simultaneous with diagnostic 131I whole-

body scintigraphy 6–12 months after initial treatment with (near)total thyroidectomy and 
131I remnant ablation. After 3,5,7 and 9 years this procedure was repeated. DxWBS is 

considered positive when uptake outside regions of physiologic uptake (oral, nasal or gastric 

mucosa; salivary glands; urogenital region) is observed. 

Over the last decade, several authors have shown that DxWBS has a limited added value 

in the follow-up of low risk patients. These studies were incorporated by the American and 

European guidelines and DxWBS is no longer advised in the standard follow-up of low risk 

patients (40-41). 

For high-risk patients, the value added by DxWBS to TSH-stimulated thyroglobulin 

measurement was largely unclear, due to limited research in a large group of high-risk 

patients. 

The aim of the study presented in Chapter 5 was to determine whether routine DxWBS 
performed 6–12 months after initial therapy offers information, additional to that provided 

by TSH-stimulated thyroglobulin measurements during the first year of follow-up of high-

risk DTC patients. 

PROGNOS IS

The prognosis of DTC patients after treatment is excellent (10-year survival >95%). But as 

mentioned before, disease recurrence in the lymph nodes is a relatively common problem. 

It has been suggested that the location of metastatic nodes (central vs lateral compartment) 

and the number of involved lymph nodes is of prognostic significance (42-43). 

The TNM classification (44) describes the presence of positive cervical lymph nodes (CLN) 

as an independent risk factor for recurrence in all patients with follicular (FTC) and papillary 

thyroid cancer (PTC) over 45 years old. Patients are further subdivided patients with positive 

lymph nodes in the central compartment (level VI, N1a) and the lateral compartment (levels 

II-IV/V, N1b). However, the number of positive lymph nodes is not described as a prognostic 

factor influencing recurrence rate of DFS. Most of the research related to the location and 

number of positive lymph nodes has been performed by Ito et al. from Japan (45-48). They 

conclude that DFS of N1b patients is only significantly lower than that of N1a patients when 

1) lymph nodes are larger than 3 cm; 2) 5 or more positive lymph nodes are present in the 
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lateral compartment; or 3) extranodal growth is present. The main problem with applying 

results of these studies to the European and American population is the different treatment 

of patients with DTC in Japan, with a much lower rate of total thyroidectomies and the 

limited use of 131I therapy. Nonetheless, European and American guidelines are primarily 

based on the results of these Japanese studies (40,41).

We wanted to study the impact of the location and the number of cervical lymph node 

metastases on recurrence rate and DFS in patients with DTC treated in accordance with 

European/American standards, with (near) total thyroidectomy and postoperative 131I 

ablation. Results of this study are presented in Chapter 6. 
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ABSTRACT

The goal of our study was to evaluate, and identify factors associated with, the adequacy 

rate of fine-needle aspiration (FNA) cytology of thyroid tumors to improve the quality of 

the procedure. We reviewed 1,611 cytological pathology reports of thyroid tumors of 871 

patients between January 1998 and August 2008. The overall cytological adequacy rate 

was 53.9%. The freehand technique had significantly higher adequacy rates than the 

ultrasound (US)-guided technique (P < 0.001) regardless of size, tumor type, multinodularity, 

or location. Aspiration, performing specialist (endocrinologist versus radiologist), and size 

were the factors associated with adequacy rates. US-guided FNA is recommended in 

previous articles, but results in our clinic were in favor of freehand FNA. US guidance is a 

way to improve adequacy rates, but we would like to stress the importance of other factors 

like operator experience, education, and quality control in one’s own institution before 

implementing techniques.
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INTRODUCT ION

Tumors of the thyroid are common in the general population. Four to seven percent of the 

general population has clinically palpable tumors. Fine-needle aspiration (FNA) cytology is 

the best available diagnostic procedure available for the evaluation of these tumors. The 

accuracy in distinguishing between benign and malignant tumors lies around 95%. This 

accuracy is lower in Hürthle cell and follicular neoplasm (1–4).

FNA is simple, safe, and cost-effective. The role of FNA has become more important in 

selecting patients for thyroid surgery. The use of FNA has resulted in a significant decrease 

in surgery for benign and an increase for malignant tumors (5,6).  Still, a considerable 

percentage, up to 30% of all FNA specimens, are indeterminate and do not predict the 

nature of the thyroid tumor.

FNA should be considered for tumors of 1.0 cm or larger if microcalcifications are present. 

Furthermore, it should be considered for tumors of 1.5 cm or larger if the tumor is solid or 

if there are coarse calcifications within the tumor (7). Tumors smaller than 1.0 cm may be 

considered for FNA if the tumor is clinically suspicious or has malignant features on 

ultrasound (US) examination (8).

The major limitation of the procedure itself is the high rate of inadequate or “non-diagnostic” 

specimens, varying from 5% to 43.1% in literature (9–14). Causes of inadequate specimens 

can be quantitative (low cellularity) or qualitative. Low cellularity of a specimen can be due 

to a cystic component of the tumor, poor aspirating technique, and lack of experience with 

performing thyroid FNA. Qualitative problems can occur if too much blood or US gel is 

included in the specimen, which obscures the view. Another qualitative problem can occur 

if a smear is fixated and stained inadequately. The rate of non-diagnostic specimens 

increases costs of the diagnostic tract (15).  Non-diagnostic specimens may also result in 

patient discomfort and a delay in diagnosis.

US is used increasingly for FNA. Recent studies show a significantly lower percentage of 

inadequate, non-diagnostic specimens using this technique. There are two established 

management guidelines on the management of thyroid tumors, one from the American 

Thyroid Association (ATA) and the other from the American Association of Clinical 

Endocrinologists (8, 16).  The guidelines differ on the use of US-guided FNA. The American 

Association of Clinical Endocrinologists recommends US-guided FNA for all tumors >10 

mm, whereas the ATA does not favor US guidance over palpation-guided FNA. One of the 

advantages of using US is direct visualization of the needle, thereby ensuring that tumor 

tissue is sampled instead of the cystic component or surrounding normal thyroid.

The goal of our study was to evaluate all FNAs performed during a 10-year period at the 

University Medical Center Utrecht (UMCU) and to identify factors associated with adequacy 

rate. Finally, we would like to make recommendations on how to further improve quality 

of this technique in our institution.
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PAT I ENTS  AND  METHODS

Patient Selection
All consecutive patients who underwent thyroid FNA between January 1998 and August 

2008 at the UMCU were included. We retrospectively reviewed the medical records and 

retrieved data on patient and tumor characteristics (age, gender, tumor size, type of 

tumor, location, solitary, or multinodular) and FNA (date, performing practitioner, previous 

US/computed tomography scan/magnetic resonance imaging, with or without US 

guidance). Cytopathological data were extracted from the database of the Pathology 

department of the UMCU. The size of the tumor was defined as the largest diameter 

measured on US. In case no previous US was performed, largest diameter on physical 

examination was noted.

Sampling Technique
FNA was performed either by an endocrinologist/endocrine surgeon or a radiologist and 

residents of both departments, sometimes under supervision. No immediate onsite 

cytologic assessment was performed. Endocrinologists/endocrine surgeons used a suction 

technique, using a 23-gauge needle attached to a 10-mL syringe. The tumor was palpated 

using two fingers, and the needle was inserted in the middle of the tumor. The needle tip 

was advanced into various positions in the tumor and moved back and forth while aspiration 

was performed. The collected material was placed on glass slides, smeared, and allowed 

to air dry.

Radiologists used a similar technique from 1998 until 2004. Radiologists used US guidance 

to visualize the needle and to obtain material from solid parts of the tumor while avoiding 

large blood vessels and cystic areas. The transducer was placed directly over the lesion in 

a transverse plane, followed by color Doppler to depict any large blood vessels. Radiologists 

used a 21-gauge needle instead of a 23-gauge needle, which was attached to a 10-mL 

syringe until 2005. After 2005, it was attached to a small tube. In 2005, radiologists 

abandoned aspiration and continued to use the non-aspirating technique. In this technique, 

the needle is advanced parallel to the US-transducer, into the tumor. The needle tip is 

carefully monitored during the procedure, and, when the needle reaches its target, the 

biopsy is performed. The needle is moved back and forth while being rotated along its axis. 

No suction is performed. Smears are prepared according to the protocol mentioned above.

Cytological Assessment
Smears were stained with Giemsa or Papanicolaou or both. Cytological analysis was 

performed by a core group of cytopathologists using strict cytological criteria to categorize 

each smear into one of the five diagnostic groups. The cytopathologists used a modified 

classification system in which lesions were classified into benign, indeterminate, suspicious, 

malignant, and non-diagnostic/inadequate (Table I).

At least three groups of 10 thyroid cells each had to be visible with a microscope to consider 

a specimen adequate for interpretation. Specimen with abundant colloid and/or 
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macrophages with little or no follicular cells were not considered inadequate if these 

findings correlated with the clinical and radiologic impression of a colloid nodule or cystic 

lesion, which is in concordance with the Bethesda classification system (18). Smears that 

could not be interpreted because of quantitative or qualitative reasons (e.g., poor fixation, 

obscuring US gel, or blood) were classified as non-diagnostic or “inadequate.”

Statistical Analysis
Data were analyzed using SPSS 15.0 (SPSS Inc. Chicago, IL). The adequacy rate for the 

specimens was calculated. Dichotomous variables were analyzed using the χ2 test. 

Univariate and multivariate analyses were performed. A P-value of <0.05 was considered 

to be statistically significant.

RESULTS

Demographic and Tumor Features
Eight-hundred and seventy-one patients underwent 1,611 FNA of thyroid tumors. Seven-

hundred and nineteen women (83%) and 152 men (17%) were included. The mean age 

(±SD) of patients was 51.4 (±15.1) years. The mean diameter (±SD) of the tumor was 2.8 

(±1.5) cm. In 73% of the patients one or more tumors were palpable. FNA was performed 

under US guidance in 46% (n = 743) of the patients. Before FNA, in 1,187 (74%) cases, 

additional imaging was performed, US (n = 1,168), computed tomography (n = 15), or 

magnetic resonance imaging (n = 4).

Of the sampled tumors, 7% were cystic, 44% solid, and 20% were of the mixed type. The 

tumor type was unavailable in 476 (30%) of the FNA specimens. Forty-two percent of the 

specimens were obtained from a solitary tumor. We were unable to subtract data regarding 

the status of the performing specialist (e.g., intern, resident, fellow, and attending).

Table 1. Cytologic Classification Scheme 

Associated risk
of malignancy (%)

Benign <1

Follicular lesion of indeterminate significance – atypia of undetermined significance 5-10

Suspicious for neoplasm (follicular/Hurtle cell) 20-30

Suspicious for malignancy 50-75

Malignant 100

Non-diagnostic/inadequate -

Diagnostic Terminology and Morphological Criteria for Cytological Diagnosis of Thyroid lesions used in the 
UMC Utrecht and associated risk of malignancy for each category (17)
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Cytological Adequacy
The overall cytological adequacy from 1998 to 2008 was 54% (n = 862). Adequacy rates 

were computed for each year (Table 2). The highest adequacy rate was achieved in 2001, 

with a diagnostic specimen rate of 73%. The lowest adequacy rate was seen in 2008, with 

only 35% of the specimens being diagnostic. Solitary tumors had higher adequacy rates 

than multinodular lesions (58% versus 51%, P = 0.009). Solid tumors had significantly 

higher adequacy rates than cystic tumors (52% versus 41%, p = 0.032). Mixed tumors 

had an adequacy rate of 48% (Table 3).

Size was not significantly associated with adequacy rates in multivariate analysis. However, 

if size was categorized, significant differences did exist. The highest adequacy rates were 

seen in tumors with a size between 3.5 and 4 cm (65%). A significant difference was seen 

if the 3.5–4 cm group (65%) was compared with the 1–1.5 cm (43%, P ≤ 0.001) and the 

0.5–1 cm groups (44%, P = 0.001; Table 4).

US-Guided FNA
Four-hundred and forty-five patients underwent 743 US-guided FNAs. Thirty-four percent 

of the patients had a solitary tumor. The tumor was solid in 62% of all aspirated tumors, 

28% mixed, and 7% cystic. Information on the type of tumor was unavailable for the 

remaining ones. Tumors were palpable in 51% of the cases. Cytological adequacy was not 

statistically different between palpable and non-palpable tumors (44% versus 38%, P = 

0.123), neither for solitary and multinodular lesions (40% versus 42%, P = 0.853).

Table 2. Percentage of Adequate FNA Specimen 

Diagnostic specimen rate % 

Year  Overall Palpation-
guided FNA

 US-guided FNA P-value

1998-2008 53.9 65.2 40.8 <0.001

1998 70.7 71.2 68.2 0.778

1999 64.1 67.3 47.6 0.85

2000 60.4 63.2 50.0 0.204

2001 73.4 75.5 66.7 0.337

2002 67.8 74.0 56.1 0.047

2003 41.6 43.5 38.5 0.513

2004 65.4 69.8 56.1 0.130

2005 49.6 68.3 34.7 <0.001

2006 44.8 65.4 37.3 <0.001

2007 38.5 59.5 32.1 0.001

2008 34.7 27.3 35.5 0.589
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A significant difference in adequacy did exist between solid and cystic tumors (43% versus 

26%, P = 0.014). The cytological adequacy rate was highest in tumors of 3.5–4 cm (51%). 

The lowest rate was seen when tumors were 4 cm or larger (33%; Table 4).

Palpation-Guided FNA
Palpation-guided FNA was performed in 426 patients, resulting in 868 biopsies. Of the 

aspirated tumors, 48% was solitary. In 51% of the cases, the tumor type could not be 

determined. For tumors that were visualized, 7% were cystic, 14% mixed, and 28% solid 

(Table 3).

There was no significant difference in cytological adequacy between solid and cystic lesions 

(67% versus 55%, P = 0.720). As in the US-guided group, the highest adequacy rate was 

seen in tumors between 3.5 and 4 cm. The lowest rate (57%) was seen in sizes between 

1 and 1.5 cm (Table 4).

US-Guided Versus Palpation-Guided FNA
There was a significant difference in age (P < 0.001) and mean tumor size (<0.001) between 

US-guided and palpation-guided FNA. The mean age in the US-guided FNA group was 52.4 

(SD ±15.4) versus 49 (SD ±14.6) years in the palpation-guided group. The mean size of the 

tumor in the US-guided group was 2.5 cm versus 3.0 cm in the palpation group. Radiologists 

punctured all non-palpable tumors and more patients with multiple tumors compared with 

endocrinologists and endocrine surgeons (65.7% versus 50.1%, P ≤ 0.001; Table 5).

The adequacy rate was significantly higher for palpation-guided FNA compared with the 

US-guided FNA group (65.2% versus 41.7%, P < 0.001), for all tumor types and all sizes 

(Tables 4 and 5). When excluding the non-palpable tumors from analysis, a significant 

difference in adequacy rate was still observed (65% versus 44%, P = 0.032).

Table 3. Percentage of Adequate Material for Different Nodule Types

All specimens 
(%)

Palpation-
guided FNA (%)

US-guided FNA 
(%)

p-value

Solitary nodules 58.0 67.9 41.7 <0.001

Multinodular lesions 51.3 63.2 40.1 <0.001

Solid 51.7 67.4 43.4 <0.001

Mixed 47.8 63.1 38.6 <0.001

Cystic 40.6 54.5 25.5 <0.001

Nodules > 4cm 53.5 65.0 32.9 <0.001

Nodules < 4 cm 53.6 68.2 42.8 <0.001

Nodules < 1 cm 41.2 75.0 34.9 0.034
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Aspirating Versus Non-aspirating FNA
We also compared results for the US-guided specimens before and after 2005, to see 

whether aspiration was a factor significantly related to adequacy of material obtained by 

radiologists. Cytological adequacy before 2005, using the aspirating technique, was 

53.6%. After 2005, adequacy significantly decreased to 34.5% (P ≤ 0.001). Comparing 

results of palpation-guided FNA (with aspiration) with those of the US-guided specimens 

taken before 2005 did not change our results. Multivariate analyses revealed that tumor 

type and performing specialist (endocrinologist versus radiologist) were associated with 

the adequacy rate.

Table 5. Palpation vs US-guided FNA 

Palpation-guided FNA US-guided FNA P-value

No. patients 426 445

No. FNA-biopsies 868 743

Mean age (+SD) 49 (14.6) 52.4 (15.4) <0.001

Mean size nodule (+SD) 3.0 (1.45) 2.5 (1.48) <0.001

Solitary nodules (%) 48.2 34.3 <0.001

Type of nodule (%) Cystic: 6.5

Mixed: 14.3

Solid: 28

Missing: 51.3

Cystic: 6.9

Mixed: 27.5

Solid:61.5

Missing: 4.2

 0.788

<0.001

<0.001

<0.001

<0.001

Palpable nodules (%) 100 51.3 <0.001

Imaging (%) 51.2 100 <0.001

Table 4. Percentage of Adequate FNA Material for different nodule sizes 

Size (cm) Overall Palpation-guided US-guided p-value

0-0.5 0 (n=0) 0 (n=3) -

0.5-1 43.8 75.0 (n= 8) 37.5 (n=40) 0.051

1-1.5 42.7 57.6 (n=33) 38.2 (n=89) 0.055

1.5-2 47.4 59.7 (n=72) 40.9 (n=115) 0.012

2-2.5 57.9 73.0 (n=89) 45.5 (n=99) < 0.001

2.5-3 51.5 64.2 (n=67) 39.1 (n=64) 0.004

3-3.5 62.3 70.8 (n=113) 50.6 (n=77) 0.005

3.5-4 65.1 80.0 (n=40) 51.2 (n=43) 0.006

≥ 4 53.5 65.0 (n=157) 32.9 (n=85)  <0.001
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DISCUSS ION

FNA has proven to be a safe and reliable diagnostic method in distinguishing between 

benign and malignant thyroid tumors. However, the non-diagnostic, “unsatisfactory”, or 

inadequate results varying from 5% to 43.1% in literature, and as high as 53.8% in our 

own series, remain a major problem (9–14). 

As recommended by several guidelines, we reviewed all our FNA specimens to evaluate 

the quality of the procedure (19, 20).  Surprisingly, we found that palpation-guided FNA had 

higher adequacy rates than US-guided FNA. This finding was independent of tumor size. 

Factors associated with adequacy rate were performing specialist, tumor type, and 

aspiration.

The overall cytological adequacy rate in our series may be lower than rates in the previously 

mentioned studies, but our results concerning palpation-guided FNA are similar. Comparing 

adequacy rates, however, is very difficult because thyroid tissue is difficult to evaluate and 

interobserver variety is high. No evidence-based criteria exist to assess adequacy of thyroid 

specimen, and various criteria are used, sometimes even among pathologists in one 

institute.

The adequacy rate of palpation-guided FNA was significantly higher compared with that of 

US-guided FNA. Most other studies reported US-guided FNA to be superior to palpation-

guided in terms of adequacy rates and fewer non-diagnostic specimens. Two studies 

reported adequacy rates of around 68% (US-guided) versus 48% (palpation-guided), 

especially for tumors smaller than 2 cm, cystic tumors, and those located deep in the 

thyroid gland (12, 21).  It has been advocated that US-guided FNA should be used for tumors 

smaller than 1.5 cm in diameter. Our data do not confirm this notion because results for 

tumors smaller than 1.5 cm were also better for freehand FNA.

We can only speculate about the reasons for the different outcomes between US-guided 

and palpation-guided specimens in our study. It is not possible to correct our results for 

some possible confounding factors. First of all, needle size could be a contributing factor. 

The needle sizes used in our study were 21-gauge in the US-guided and 23-gauge in the 

palpation-guided group. In literature, two prospective studies showed no differences in 

adequacy rates between needles groups (23- versus 27-gauge and 21 versus 25-gauge) 

(22, 23).  Other studies showed an advantage for thinner needles, stating those yield a 

higher cellularity and cause less bloodstaining. Cappelli et al. found that using a stylet 

needle significantly improved the rate of diagnostic specimens in solid and complex tumors 

(24, 25).  Because palpation-guided FNA was performed using a 23-gauge needle and US-

guided FNA using a 21-gauge needle, it is unclear to which extend needle size contributed 

to the significant differences in adequacy rates. The same applies to aspiration technique, 

which was different only between endocrinologists and radiologists. Other explanations 

may be differences in smear technique, number of stains per patient, teaching of residents, 

adherence to protocol, and number of aspirations of the performing specialist and associated 

operator experience with FNA.
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FNA is a procedure that is highly operator dependent; therefore, the differences found 

between freehand FNA and US-guided FNA may just represent differences in skills of the 

performing specialist. The number of physicians who perform FNA in the UMC Utrecht 

may be different from other institutions. This difference might explain our higher rate of 

inadequate specimens. It is recommended to keep the number of physicians performing 

and interpreting FNAs small to develop and maintain expertise.26 Endocrinologists strictly 

instruct and observe residents when they performed palpation-guided FNA. Also, the 

number of residents at the endocrinology department is lower, and the total number of 

punctures performed by a single resident, therefore, might be higher. The total number of 

palpation-guided punctures is similar to the punctures performed under US guidance. 

Furthermore, US-guided specimen taking is supposed to be more difficult to master. This 

causes a possible bias of our result and also might explain the lower adequacy rates for 

the US-guided aspirates.

Selection bias for tumors punctured under US guidance may have also caused the difference 

in adequacy rates. If palpation-guided biopsy were non-diagnostic, a referral for US-guided 

FNA was made. These tumors might present a challenge even for US-guided FNA. 

However, the US technique should have compensated for this.

In our series, we conclude that tumor type is a predictor of cytologic adequacy. Although 

we have a high percentage of missing data in this category, we still evaluated more than 

800 tumors. Inclusion of cystic tumors has been suggested to lead to higher inadequacy 

rates. Some authors have proposed making a distinction between the cystic and solid 

tumors when determining adequacy rates (27, 28).  Many studies have not clearly stated 

the rate of cystic tumors, making interpretation and comparison of results more difficult.

Cytological adequacy decreased significantly when radiologists stopped aspirating in 2005. 

Aspiration resulted in significantly less non-diagnostic specimen. These results are in 

contrast to those presented by Degirmenci et al. (24) and Romitelli et al. (29) who found a 

significantly higher rate of sufficient cytologic material with the non-aspirating technique. 

Various studies showed no difference in adequacy between the aspiration and non-

aspiration techniques (30).  When comparing results between the palpation-guided group 

and the US-guided group before 2005 (when aspiration was applied), the palpation-guided 

group had significantly higher adequacy rates. Aspiration, therefore, seems to be a factor 

that influences adequacy rate (for US-guided specimens, adequacy rates were significantly 

higher when using aspiration), but it also indicates that other factors that differed between 

the two groups contributed more to the difference in adequacy rate.

Several suggestions have been made to improve adequacy rates. Besides US guidance, 

another recommendation is the on-site assessment of specimens by a cytopathologist 

(31–34).  However, other authors did not find a statistically significant difference in specimen 

adequacy between FNA biopsies with immediate cytological analysis and those with 

delayed analysis (26, 28, 32).  Also, onsite interpretation is costly and time consuming. 

Another option would be immediate cytologic analysis by the performing specialist. These 

are methods that will be explored in our clinic.
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When looking to the current guidelines, our results support those of the ATA, which states 

that US-guided FNA is not favored over palpation-guided FNA. The role of US in the 

diagnostic tract of a patient with a thyroid tumor is not covered in this article. US can be a 

valuable tool in determining whether tumors of the thyroid are eligible for FNA at all (35). 

In this study, adequacy rates for US-guided specimens were lower than that of published 

series. We do not have a clear explanation for this difference; possibly, the number of 

operators, operator experience and instruction, the inclusion of cystic lesions and smear 

technique could play a role. Also, publication bias could contribute, because institutes are 

more likely to submit studies with good results than disappointing outcomes.

US-guided FNA might be recommended in previous articles, but results in our clinic were 

in favor of freehand FNA. There are a few confounding factors that might influence our 

outcome (e.g., needle size, aspiration technique, and operator experience) for which we 

were unable to correct our results. Nevertheless, results of the palpation-guided FNAs 

were significantly better in our institution under the current circumstances at that time, 

and US guidance alone does not, therefore, predict better outcomes. We do not doubt that 

US guidance is a way to improve adequacy rates, but we would like to stress the importance 

of other factors like operator experience and expertise of the performing specialist and the 

importance of quality control in one’s own institution, especially before and during the 

implementation of other techniques.
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ABSTRACT

The extend, intensity and timing of the follow-up of differentiated thyroid cancer (DTC) 

patients remains unclear. Recent studies identified an undetectable TSH stimulated 

thyroglobulin (Tg) measurement after one year as a prognostic factor for the risk of 

recurrence during further follow-up, thereby further dividing patients based on risk for 

recurrence. Because patients experience their disease on an emotional basis rather than 

related to actual disease severity, follow-up should be targeted to detect recurrence without 

‘over-investigating’ patients. The purpose of our study was to investigate the recurrence 

rate in high- and low-risk patients with DTC and the need for repeated (TSH stimulated) Tg 

measurement. 

We retrospectively reviewed the medical records of 264 DTC patients with absent Tg-Ab 

and identified the patients with persistent/recurrent disease. Recurrence rates between 

patients with and without detectable TSH-stimulated thyroglobulin levels were compared. 

Recurrence rate was significantly higher in patients with positive stimulated Tg 

measurement within one year after treatment (p<0.001) While the negative predictive 

value (NPV) of an undectectable Tg was 0.97 for both high- and low-risk patients. The 

percentage of high-risk patients with undetectable Tg after one year is significantly lower 

compared to low-risk patients. 

Recurrence rates for patients with undectable TSH stimulated Tg one year after initial 

diagnosis is very low and identical for low- and high-risk patients. Therefore it seems 

sensible to discharge patients from a strict specialist follow-up regime.
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INTRODUCT ION 

The main focus in the post-surgical follow-up of patients with differentiated thyroid cancer 

(DTC) is the detection of persistent or recurrent disease. Because traditional treatment of 

DTC larger than 1 cm consists of total thyroidectomy followed by 131I ablation of the 

remaining thyroid tissue, this follow-up can be performed using recombinant human TSH 

(rhTSH) stimulated thyroglobulin (Tg) measurements. Thyroglobulin is only produced by 

normal thyrocytes or well-differentiated thyroid cancer cells. Therefore, the presence of 

Tg is indicative of persistent or recurrent disease. When compared to other diagnostic 

modalities like 131I whole-body scintigraphy (DxWBS) and ultrasound (US), serum 

thyroglobulin level (rhTSH stimulated or after LT-4 withdrawal) is the most sensitive method 

to detect disease recurrence (1). The majority of patients with DTC are initially classified 

as low-risk patients. Possible explanation is the increased use and sensitivity of ultrasound. 

Re-staging after initial therapy could be helpful in predicting recurrence more accurately. 

Low-risk patients with excellent response to therapy could be classified as real low-risk 

patients with minimal chance of recurrent disease during further follow-up. The intensity 

and form of the follow-up of these patients should be tailored based upon this revised risk 

stratification after initial therapy and the need for an intensive follow-up of the real low risk 

patients could be questioned. Baudin et al. (2) for example showed that the recurrence 

rate in low-risk patients with undetectable Tg levels at the time of performing the control 

WBS was only 0.6%. Several other recent studies also show a high negative predictive 

value of TSH stimulated Tg measurement for the risk of recurrence one year after initial 

therapy (3-5).

It is proposed that patients initially staged as high-risk patients could also be re-classified 

based on their response to therapy  as shown by Tuttle et al. (5). Response to therapy is 

a good predictor for the risk of recurrence. While it is important to detect recurrences in 

an early stage it should be taken into account that the quality of life of patients with DTC 

could be diminished by the type and number of investigations during follow-up. DTC 

patients perceive their illness on an emotional basis unrelated to the actual severity of their 

disease status and cancer stage (6). It is therefore important to detect recurrent disease 

without ‘over-investigating’ patients. 

The timing and intensity of the follow-up remains largely unclear and guidelines are not 

explicit. The main problem in determining a proper management protocol is the absence 

of prospective trials and the inability to perform a randomized study, which would take 

more than 35 years before results would be available. Advice about the follow-up protocol 

is based on retrospective series and expert opinion. Aim of our study was to investigate 

the recurrence rate in patients with DTC and the need for repeated (TSH stimulated) Tg 

measurement during further follow-up based upon the stimulated Tg level one year after 

initial therapy.

201809 proefschrift Siegrid de Meer.indd   39 27-03-18   09:37



CHAPTER  3

40

PAT I ENTS  AND  METHODS 

We retrospectively reviewed the clinical (electronic) records of all consecutive patients 

with differentiated thyroid cancer evaluated at the University Medical Center Utrecht treated 

with (near)total thyroidectomy and 131I remnant ablation from January 1994 until January 

2009. Patients were further subdivided in low- and high-risk patients after initial TNM 

staging. We used the American Joint Committee on Cancer (AJCC) TNM version 7 criteria 

in determining T stage of the various tumors (7). Risk staging was done according to the 

European guidelines (8). Low-risk patients were defined as patients with small tumors 

(T1-T2), negative cervical lymph nodes (N0) and no evidence of distant metastasis at time 

of diagnosis. High-risk patients had large tumors (T3-T4), positive lymph nodes (N1) or 

distant metastasis (M1) at time of diagnosis. Patient characteristics and follow-up 

parameters, e.g. laboratory measurements (thyroglobulin (Tg), thyroglobulin-antibodies 

(Tg-Ab), total T4 and TSH), results of the 131I whole-body scintigraphy after treatment 

(RxWBS) and low dose 131I diagnostic whole-body scintigraphy during follow-up (DxWBS), 

were recorded. In addition, tumor characteristics, preoperative and postoperative staging 

and results of surgery were registered. Patients were excluded from the study for the 

following reasons 1) inadequate follow-up information 2) inadequate information for staging 

3) age < 18 years at time of diagnosis 4) positive Tg-Ab 5) medullary and anaplastic thyroid 

cancer. All patients received TSH suppressive therapy and had at least two or more serum 

thyroglobulin and thyroglobulin-antibodies measurements during levothyroxine therapy. All 

patients had at least two or more thyroglobulin and thyroglobulin-antibodies measurements 

after levothyroxine withdrawal (until 2004) or after recombinant human TSH injection (0.9 

mg im, Thyrogen: Genzyme Therapeutics). In all patients, a RxWBS and at least one DxWBS 

(9-12 months after initial diagnosis) were performed.

Laboratory analysis
Between 1994 and 1998 different thyroglobulin assays were used with functional 

sensitivities varying from 1-3 ng/ml.  From 1998 onward, all thyroglobulin and thyroglobulin-

antibody levels were measured using the Brahms DYNO test Tg-pluS (Brahms Diagnostica 

GmBH). The functional sensitivity for this assay is 0.2 ng/mL. Thyroglobulin level was 

judged positive whenever the value of the functional sensitivity of the test was exceeded. 

All thyroglobulin and thyroglobulin-antibody levels indicated in the text or in tables are TSH 

stimulated measurements, either by LT4 withdrawal or rhTSH injection unless indicated 

otherwise. TSH levels were measured simultaneously and exceeded 20 mU/l in all patients.

Follow-up
During the first year, controls were performed at least once every 6 months. Thereafter 

controls were performed with 6-12 month intervals. Standard follow-up of low-risk patients 

existed of clinical examination with or without ultrasound, TSH stimulated thyroglobulin 

measurement 1, 4 and 9 years after initial treatment, combined with a 131I diagnostic whole-

body scan. After 2008 low-risk patients with negative stimulated thyroglobulin level and a 
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previously negative DxWBS were no longer referred for another diagnostic whole-body 

scan. For high-risk patients, follow-up consisted of yearly controls including clinical 

examination, neck ultrasound, TSH stimulated thyroglobulin measurement and thyroglobulin 

measurement every 6 months. A DxWBS was performed after 1,4 and 9 years.

Persistent/Recurrent disease
Suspicion of persistent/recurrent disease was based on results of physical examination, 

laboratory analysis (thyroglobulin raised above functional sensitivity) and results of the 

DxWBS (uptake outside regions of physiological uptake). Whenever there was biochemical 

suspicion of disease recurrence, but normal imaging results were obtained, different 

strategies were followed. In some patients additional imaging like 18F-FDG-PET, CT or MRI 

was performed. For patients with a high suspicion of recurrence, based on a high 

thyroglobulin or thyroglobulin-antibody level, a ‘blind’ therapeutic 131I dose was administered 

followed by a RxWBS. Some patients were treated conservatively with repeated diagnostics 

after 6-12 months. 

In order to confirm disease persistence or recurrence a positive RxWBS, anatomic substrate 

on additional imaging, fine-needle cytology or histology confirming DTC had to be present. 

When biochemical markers and imaging results were normal patients were classified as 

No Evidence of Disease (NED).

Statistical analysis
Statistical analysis was performed using SPSS 15.0 (Chicago, Illinois). All demographic data 

are shown in mean values with standard deviation (± SD) unless indicated otherwise. 

Percentages are rounded to the nearest integer. For statistical analysis, we used Chi-square 

and t-tests where appropriate. P-values smaller than 0.05 were considered statistically 

significant.

RESULTS

A total of 402 DTC patients were referred to the department of Nuclear Medicine for 

ablation therapy after total thyroidectomy and were included in our database (Figure 1).

One-hundred and sixty-eight adult patients could be classified as low-risk patients. Nine 

patients had positive thyroglobulin-antibodies and for 27 patients no results of laboratory 

analysis after one year were available and were subsequently excluded.

Two-hundred-one patients were classified as high-risk patients. For 49 patients Tg level 

within 12 months of follow-up were missing.  Another 19 had positive thyroglobulin-

antibodies and were subsequently excluded. One patient was excluded based on a definite 

histological diagnosis of an anaplastic carcinoma. A total of 132 patients in both groups 

remained for final analysis.

Demographic data, clinical features and final outcomes of the 264 low- and high-risk 

patients are presented in Table 1. The majority of patients were female in both groups 
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(76% and 68%). Mean age was 47 years for low-risk patients and 50 years for high-risk 

patients. These differences were not statistically significant (p=0.505) Statistically 

significant differences between groups were observed for mean tumor size (22 mm for 

low-risk and 33 mm for high-risk patients, p<0.001), recurrence rate (17% for low-risk 

and 41% for high-risk patients, p<0.001) and disease related mortality (0.8% vs. 5%, 

p=0.031). Median follow-up varied from 48 months for high-risk to 56 months for low-risk 

patients. Most patients (81%) had at least three TSH stimulated thyroglobulin 

measurement during follow-up.

 

DTC treated at the 
Department of 

Nuclear Medicine: 
402 

Low risk: 
168 

High risk: 
201 

Missing: 
33 

Low risk for final 
analysis: 

132 

Missing data about 
TSH stimulated Tg 
<12 m of follow-up: 

27 
 

Presence of Tg-Ab: 
 
 
9 

High risk patients for 
final analysis: 

132 

Missing data about 
TSH stimulated Tg 
<12 m of follow-up: 

49 

Presence of Tg-
Ab/other histological 

diagnosis: 
20 

TSH stimulated Tg 
<12 m undetectable: 

113 (86%) 

TSH stimulated Tg 
<12 m detectable: 

19 (14%) 

TSH stimulated Tg 
<12 m undetectable: 

69 (52%) 

TSH stimulated Tg 
<12 m detectable: 

63 (48%) 

Persistence/ 
Recurrence: 

10 (10%) 

Persistence/ 
Recurrence: 

12 (63%) 

Persistence/ 
Recurrence: 

7 (10%) 

Persistence/ 
Recurrence: 

47 (76%) 

Recurrence > 1 y: 
2 (2%) 

Recurrence > 1 y: 
5 (26%) 

Recurrence > 1 y: 
2 (2%) 

Recurrence > 1 y: 
15 (24%) 

Figure 1.
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Persistent/Recurrent disease
The overall persistence/recurrence rate for low-risk patients was 17%. For high-

risk patients this rate was statistically significant higher with 54% (p<0.001). In both groups 

78% of the patients diagnosed with recurrent/ persistent disease were diagnosed within 

the first year of follow-up.

Persistence/recurrence rate related to the value of the TSH stimulated Tg level within 
one year
Of the low-risk patients a total of 113 patients (86%) had undetectable thyroglobulin levels. 

The percentage of high-risk patients with undetectable thyroglobulin level was significantly 

lower with 52% (p<0.001). The recurrence rate for high- and low-risk patients was 

significantly lower for patients with undectable thyroglobulin level compared to patients 

with detectable thyroglobulin level (10% vs. 63% for low-( p<0.001) and 10% vs. 73% 

(p<0.001) for high-risk patients. Recurrence rate for patients with undetectable thyroglobulin 

measurement within the year was identical between high- and low-risk patients (p=0.928). 

The recurrence rate for patients with detectable Tg level within the year of follow-up was 

also not statistically different between low- and high-risk patients (p=0.408).

Table 1. Demographic and tumor data of low-and high-risk DTC patients ’98-2010

Low-risk High-risk p-value

Gender Male: n= 32 (24%) n= 40 30%) 0.269

Female: n= 100 (76%) n= 92 (68%)

Age Median: 47 (± 15) 50 (±17) 0.505

Tumor size Median: 22 mm (± 9.6 mm) Mean: 33 (±22) <0.001

Tumor histology Papillary: n=95 (72%) n =101 (77%) 0.327

Follicular: n=23 (18%) n=21 (24%)

Hurthlecell n=14 (10%) n= 10 (8%)

Initial presentation Solitary nodule: n= 88 (67%) n= 49 (37%)

MNG: n=20 (14%) n= 25 (19%)

Non-specified diffuse 
swelling neck:
n= 8 (6%) n= 9 (7%)

Other (e.g cysts, other 
malignancy):
n= 16 (12%) n= 47x (7%)

Follow-up duration (m) Mean: 56 Mean: 48 0.323

Recurrence n= 23 (17%) n= 54 (41%) <0.001

Mortality rate n= 3 (2%) n=8 (6%) 0.159

Disease related mortality n= 1 (0.8%) n= 7 (5%) 0.031
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Table 2. Recurrence rate related to initial (rh)TSH stimulated Tg level for low- and high- risk patients

Tg undetectable Tg elevated p-value

First recurrence within the year

Low risk: 7.1% 52.7% <0.001

High risk: 6% 66% <0.001

First recurrence >1 year

Low risk: 2.7% 10.5 % 0.027

High risk: 3 % 20.6% 0.001

Table 3. Recurrent/persistent disease after one year, related to (rh)TSH stimulated Tg level 6-12 months 
after therapy 

Undetectable Tg Detectable Tg

Recurrence > 1 year Low-risk:

Sens : 2/4=0.5

Spec:111/127=0.87

PPV: 2/19=0.11

NPV: 111/113=0.97

High-risk

Sens: 15/17=0.88

Spec:67/115=0.58

PPV: 15/63=0.24

NPV: 67/69=0.97

Low risk 2 2

High risk 2 15

No recurrence > year

Low risk 111 17

High risk 67 48

Total

Low risk 113 19

High risk 69 63

Sens = sensitivity. PPV= positive predictive value. Spec= specificity. NPV = negative predictive value
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Recurrences during further follow up in patients with undetectable thyroglobulin 
within the first year of follow-up
The recurrence rate for patients with undetectable thyroglobulin within 12 months after 

treatment during further follow-up was 2% for both low- and high-risk patients. 

The negative predictive value (NPV) of an undetectable Tg level for recurrence after one 

year was 0.97 for low- and high-risk patients (Table 3). Two high-risk patients were diagnosed 

with recurrent disease, while initial stimulated Tg level was undetectable. 

Both patients were suspected to have recurrent disease based on a rising recombinant 

human-TSH stimulated-thyroglobulin level. One patient was successfully treated with a 

therapeutic activity of 7400 Mbq. The other patient was repeatedly treated, received 

external radiotherapy and is not considered disease free. Two low-risk patients developed 

a recurrence during further follow-up. One patient had rising recombinant human-TSH 

stimulated Tg level with palpable lymph nodes in the neck. The other patient had noticed 

a gradual increase in neck circumference. These patients were treated successfully with 

radioactive iodine.  One patient was treated with an extra dose of 7400 MBq, the other 

patient was treated twice before and are both considered NED (Table 3).

DISCUSS ION

There are several studies confirming a high NPV of TSH-stimulated thyroglobulin 

measurement (2,5,9-12). Our results are consistent with recent publications about this 

subject. When using the functional sensitivity of our thyroglobulin method as a cut-off 

value, the negative predictive value of TSH-stimulated thyroglobulin was 97% in our study. 

The high NPV of an undetectable thyroglobulin level was also applicable to high-risk patients. 

A recent report from Brassard et al. also reports this high NPV in a large prospective cohort 

of over 700 patients (11). Main difference with our study, besides the prospective character 

of their study, is the thyroglobulin method used and the cut-off value, which they calculated 

using ROC-curves, while we used the functional sensitivity of our test as a cut-off value. 

With the results of our study as an addendum to the previous reports, we conclude that 

the risk of recurrence is very low (~2%) in patients with undectectable TSH-stimulated 

thyroglobulin level 9-12 months after initial treatment. This is applicable to both low- and 

high-risk patients. 

This is confirmed by the results of Tuttle et al. (5) who found response to therapy to be a 

better predictor for recurrence than initial risk staging based on tumor size and lymph node 

involvement. Although recurrences are infrequent in the group of patients with undetectable 

TSH-stimulated thyroglobulin, recurrences do occur in approximately 2% of these patients. 

In our study recurrences were diagnosed based on physical examination, ultrasound, TSH-

stimulated thyroglobulin or other imaging studies. For all patients with rising TSH-stimulated 

thyroglobulin and therefore a biochemical suspicion for recurrence, thyroglobulin levels on 

Levothyroxine therapy were not (yet) elevated. This could be explained by the higher 
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sensitivity of TSH-stimulated thyroglobulin measurement. 

It is questionable whether this early detection of recurrences with TSH-stimulated 

thyroglobulin influences survival rate, because most recurrences were small foci of disease, 

mostly located in the neck. Although there have been several studies investigating the 

predictive value of low thyroglobulin values during the follow-up of DTC patients, results 

have not yet been incorporated into a consensus statement or a new guideline for the 

follow-up. The last European consensus protocol for the follow-up of patients with DTC 

has been published in 2006 and the advice is comparable with the recommendations in 

the American guideline (10). The American guideline, published in 2009 advises annual 

physical examination and thyroglobulin measurement on Levothyroxine therapy (Tg-on) for 

low-risk patients with no evidence of disease one year after initial therapy (based on TSH-

stimulated-thyroglobulin measurement, physical examination and ultrasound) (12). The 

obvious advantages of Tg-on measurement are that it is easily performed, cheap and less 

invasive for the patient. After several years of additional research, confirming that response 

to therapy is a good predictor of recurrence, it seems sensible to incorporate these results 

into a new guideline for the follow-up of DTC patients. 

In concordance with Tuttle et al. we propose a re-staging 9-12 months after initial therapy 

based on response to therapy. Excellent responders, with a very low chance of recurrent 

disease could possibly be monitored less rigidly (for example with Tg-on measurement). 

Overall results of this less strict regime could result in lower costs for the health care 

system and advances in quality of life for the DTC patient. Possibly the general follow-up 

could be regulated by a general practitioner with specialist follow-up by referral.
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ABSTRACT

Differentiated thyroid cancer is the most common endocrine malignancy. Recurrences 

(5-20%) are the main reason for follow-up. Thyroglobulin (Tg) has proven to be an excellent 

disease marker, but thyroglobulin-antibodies (Tg-Ab) may interfere with Tg measurement, 

leading to over- or underestimation.  

It is proposed that Tg-Ab trend can be used as a marker for disease recurrence, yet few 

studies define trend and have a long-term follow-up. The objective of our study was to 

investigate the value of a well-defined Tg-Ab trend as a surrogate marker for disease 

recurrence during long term follow-up. 

We retrospectively studied patients treated at the Nuclear Department of the University 

Medical Center Utrecht from 1998-2010 and the Netherlands Cancer Institute from 2000-

2009. All patients with Tg-Ab 12 months after treatment were included. 

The definition of a rise was a >50% increase of Tg-Ab value in a 2-year time period. A 

decline as >50% decrease of Tg-Ab value. 

Twenty-five patients were included. None of the patients with declining or stable Tg-Ab 

without a concomitant rise in Tg developed a recurrence. Four patients were diagnosed 

with recurrence. Three of these patients had a rising Tg-Ab trend, in two of these patients 

Tg was undetectable. 

Tg-Ab trend can be used as a crude surrogate marker for long term follow-up of Tg-Ab 

patients. A rising trend in Tg-Ab warrants further investigation to detect recurrent disease. 

Stable or declining Tg-Ab levels do not seem to reflect a risk for recurrence. 
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INTRODUCT ION

Differentiated thyroid cancer (DTC) is the most common endocrine malignancy. Survival 

rates are excellent; however, recurrences occur in 5-20 percent of the patients (1). 

Recurrences are the main reason for follow-up. The thyroid specific thyroglobulin (Tg) is 

the primary tumor marker for detecting recurrences and, combined with ultrasound of the 

neck, the current gold standard for follow-up of DTC patients. However, 20-25% of DTC 

patients also have thyroglobulin-antibodies (Tg-Ab) present (2,3). These antibodies interfere 

with Tg measurements by over- or underestimating Tg values, depending on the test used 

(4). Immunoradiometric assays (IRMA) are considered to be consistently more sensitive 

than radioimmunoassays (RIA) and usually give an underestimation of Tg level, whereas 

RIAs can also overestimate Tg level (5). So, any sample with a positive Tg-Ab result is 

unreliable for measuring serum Tg concentrations and the value of the otherwise excellent 

tumor marker is of limited use in these patients (6). Consequently, Tg-Ab positivity poses 

a dilemma in follow-up of a significant proportion of DTC patients. Some authors have 

suggested that Tg-Ab can be used as a surrogate marker, especially in case of de novo 

appearance more than one year after diagnosis (6-10) while others found contradictory 

results (11).

A major limitation of these studies is the absence of a clear definition of ‘trend’. The study 

of Kim et al. (12) is one of the few studies that does define trend, and it has been 

incorporated in a consensus meeting regarding this subject. Their definition of trend was: 

a >50% rise in concentration of measured Tg-Ab 6-12 months after remnant ablation 

compared to measurements during remnant ablation. A decline was defined as a >50% 

decline in Tg-Ab levels.  However, the clinical application of this definition in patients at 12 

months after primary treatment has not yet been studied. 

This study was designed to determine whether Tg-Ab trends can serve as a surrogate 

marker for disease recurrence in patients with well-differentiated thyroid cancer during 

long term follow-up using the definitions as proposed by Kim et al. as mentioned before.   

PAT I ENTS  AND  METHODS

We retrospectively reviewed all patients treated for DTC at the department of Nuclear 

Medicine of the UMC Utrecht (Utrecht, the Netherlands) between January 1998 and August 

2010, and all patients treated at the Department of Nuclear Medicine of the Netherlands 

Cancer Institute (Amsterdam, the Netherlands) between 2000 to 2009. All patients with 

detectable Tg-Ab 12 months after primary treatment were included in this study. 

Patients were treated with (near)total thyroidectomy, additional lymph node dissection 

on indication and postoperative I131I radioactive ablation (RAI) with doses varying from 

3700-7400 MBq. Patient characteristics and follow-up parameters, e.g. laboratory 

measurements (Tg and Tg-Ab levels) and results of all imaging modalities were recorded. 

In addition, tumor characteristics, preoperative and postoperative staging and results of 
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surgery were registered. Furthermore, data regarding disease status during follow-up 

and duration of follow-up were recorded. 

Exclusion criteria were age under 18 years, missing data regarding stage of disease, missing 

follow-up information within the year after treatment, missing laboratory measurements 

and/or distant metastases at time of presentation. Patients with distant metastases were 

excluded because these patients are not suitable for follow-up with Tg and/or Tg-Ab alone 

and therefore a different follow-up protocol applied for these patients.    

Laboratory measurement
In the UMC Utrecht, Tg and Tg-Ab levels were measured using the Brahms DYNOtest 

Tg-pluS and the BRAHMS anti-Tg RIA- kit (Brahms Diagnostica GmBH, Berlin, Germany). 

This Tg method is a high-sensitivity IRMA. Until 2002, the functional sensitivity, defined 

as the lowest Tg-level than can be measured with a variation less than 20%, for this 

assay was 1.0 μg/L for Tg and 20 U/ml for Tg-Ab. From 2002 onward the functional 

sensitivity for this assay was  0.2 μg/L, and 20 U/mL for the Tg-Ab assay. In the 

Netherlands Cancer institute Tg-Ab levels were assessed by a competitive 

electrochemiluminescence immunoassay whereby serum Tg-Ab competes for biotinylated 

human-Tg with ruthenium-labeled Tg-Ab. The Tg-TgAb complexes form and bind 

streptavidin-coated microparticles and are magnetically captured onto the surface of an 

electrode.  Tg levels were measured by a sandwich immunoassay (Cobas6000, Roche 

Diagnostic GmBH, D-68298 Mannheim).  

The functional sensitivity of this assay for Tg was 0.1 μg/L and 22 U/mL for Tg-Ab. In 

both centers Tg and Tg-Ab levels were judged positive when patients had a value above 

the functional sensitivity. TSH levels were measured simultaneously and exceeded 20 

mU/L in all patients. All Tg and Tg-Ab levels indicated in the text or tables are TSH 

stimulated measurements, either by LT4 withdrawal after recombinant human-TSH 

(rhTSH) stimulation. 

Tg-Ab trend
For Tg-Ab trend analysis we divided the follow-up in periods of 24 months starting from 

12 months after primary treatment. Within each period patients were divided into four 

groups according to changes in Tg-Ab concentration. Tg-Ab trend was recorded as 

increasing when, in one of these periods of 24 months, Tg-Ab levels increased with >50%. 

When Tg-Ab levels declined >50% or normalized to undetectable value the trend was 

recorded as decreasing, and as undetectable, when Tg-Ab levels were below the detection 

limit. Tg-Ab trend was recorded as stable when Tg-Ab levels were elevated, but fluctuations 

were less than 50%. 

Recurrent and suspicion of recurrent disease 
Recurrences can occur in patients that have been judged as free of disease, frequently 

described as ‘no evidence of disease’ (NED). A recurrence had to be proven by cytology, 

histology or positive post-131I therapy scan. Patients were defined as ‘suspicion of 
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recurrence’ when a therapeutic dose of 131I was given because, biochemical markers were 

rising but no substrate was found using imaging techniques or suspicious lesions were 

found at physical examination. 

Imaging modalities
Neck ultrasound was performed at least yearly. In order to provide an anatomic substrate 

for patients with detectable Tg and/or Tg-Ab additional imaging modalities where used, 

including 131I radioiodine diagnostic whole-body scintigraphy (DxWBS), post-therapy 

scintigraphy (RxWBS), MRI, CT, 124I and 18F-FDG PET CT scanning.

Risk classification
The 2015 ATA risk classification was used (13). Patients with distant metastases (M1) were 

excluded from analysis. For TNM-classification and stage grouping we used the 7th edition 

of the American Joint Committee on Cancer (AJCC) TNM-classification (13). 

Statistical analysis
Statistical analysis was performed using SPSS 23.0 (Chicago, Illinois, USA). All demographic 

data are shown in mean values with standard deviation (±SD) unless indicated otherwise. 

RESULTS

In total 443 patients were treated for differentiated thyroid cancer in both hospitals (Figure 

1). A total of 64 (14%) patients had positive Tg-Ab levels at time of diagnosis. One patient 

died within the year after primary treatment as a result of metastatic thyroid cancer. Twenty-

nine patients (7%) had positive Tg-Ab 12 months after primary treatment. Four patients 

were excluded, two due to pulmonary metastasis, one due to persistent disease diagnosed 

within one year after primary treatment and one due to non-radical tumor resection without 

subsequent radioiodine. 

As a result, 25 patients were included. Baseline characteristics are shown in Table 1. Most 

patients were female (76%). The majority of tumors were of papillary origin (88%). The 

mean follow-up period was 96 months (SD 77.5, range 25-296). Nine-teen patients (76%) 

had no evidence of disease during the entire follow-up period, four patients (16%) had a 

recurrence, and two patients (8%) had the suspicion of recurrent disease. 

Tg-Ab trends during follow up are shown in Table 2.  Descriptive case presentations of the 

patients with recurrent or suspicion of recurrent disease (n=6) are presented in Table 3. 

A plot of these six cases is shown in Figure 2. 

Tg-Ab trend
12-36 months follow-up (n=25)
Eleven patients had a declining trend of Tg-Ab levels. One of these patients (case no. 1) 

was diagnosed with suspicion of recurrence based on a palpable lesion in the neck detected 
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31 months after primary treatment. The year before Tg-Ab trend was declining to zero, Tg 

levels were undetectable and DxWBS was normal. Additional CT showed no lesions 

indicating metastasis and fine needle aspiration of the palpable lesion showed no malignant 

cells. Nonetheless, based on the high clinical suspicion, lymph node extirpation was 

performed, revealing a follicular proliferation; therefore, recurrent disease was not 

confirmed. During further follow-up (248 months) Tg-Ab and Tg levels remained 

undetectable and no recurrences were diagnosed. 

Seven patients had an increasing trend of Tg-Ab levels. Two of these patients were 

diagnosed with recurrent disease (cases no. 2 and 3) and one with suspicion of recurrent 

disease (case no. 4).  In all three cases Tg levels were undetectable. In case no. 2 18F-FDG 

PET-CT was performed due to increasing Tg-Ab levels, showing a pathologic lymph node 
 

4 excluded: 2 distant metastases, 1 

persistent disease < 1 year after 

therapy and 1 non-radical resection 

without RAI 

443 patients with DTC 

in both hospitals 

64 patients with 

positive Tg-Ab

Included: 25 patients 

with positive Tg-Ab 1 

year after therapy

379 excluded: undetectable Tg-Ab at 

diagnosis 

35 excluded: 34 undetectable Tg-Ab 1 

year after therapy and 1 disease related 

death < 1 year after therapy 

29 patients with 

positive Tg-Ab 1 year 

after therapy

Figure 1. Flow-chart of patient selection
Abbreviations: DTC = differentiated thyroid cancer; Tg-Ab = thyroglobulin-antibodies
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in the neck; histology after resection confirmed metastasis of PTC. During follow-up Tg-Ab 

and Tg levels remained undetectable and no further recurrence was diagnosed. Case no. 

3 presented with a palpable lesion in the neck. Ultrasound and additional CT showed four 

suspicious lesions. Fine needle aspiration showed papillary thyroid metastasis. This was 

Table 1. Baseline characteristics of patients with positive Tg-Ab (n=25) at one year after primary 
treatment. 

Variable Number (percentage) or mean ±SD (range)

Gender

 Male

 Female

6  (24.0%)

19  (76.0%)

Mean age 43.3 ± 13.4 (25-82)

Histological subtype

 PTC

 FTC

22 (88.0%)

3 (12.0%)

T Classification (7th)

 Tmissing

 T1a

 T1b

 T2

 T3

 T4a

1 (4.0%)

3 (12.0%)

8 (32.0%)

9 (36.0%)

3 (12.0%)

1 (4.0%)

N Classification (7th)

 N0

 N1a

 N1b

N1a/N1b

11 (44.0%)

7 (28.0%)

5 (20.0%)

2 (8.0%)

TNM Stage (7th)

 I

 II

III

IV

16 (64.0%)

3 (12.0%)

3 (12.0%)

3 (12.0%)

Risk classification

 Low risk

 Intermediate risk

 High risk

10 (40.0%)

10 (40.0%)

5 (20.0%)

Mean follow-up in months 95.9  ± 77.5 (25-296)

Abbreviations: Tg-Ab = thyroglobulin-antibodies; PTC = papillary thyroid cancer; FTC = follicular thyroid cancer
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confirmed histologically after additional lymph node dissection, revealing four metastatic 

lymph nodes. During subsequent follow-up Tg-Ab levels remained detectable with a 

persistent stable trend while Tg levels remained undetectable. No other recurrence was 

found. Case no. 4 was suspected of having recurrence based on increasing Tg-Ab trend 

with undetectable Tg levels and suspicious uptake on DxWBS  27 months after primary 

treatment. The patient was treated with a high dose 131I radioiodine therapy. The post-

therapy scan did not show any uptake. Further follow-up revealed no recurrences.

One patient with increasing Tg-Ab trend was dismissed from follow-up 27 months after 

primary treatment based on undetectable Tg levels and normal DxWBS. 

Seven patients had a persistent stable Tg-Ab trend. None of these patients developed 

recurrent or suspicion of recurrent disease.

36-60 months follow-up (n=21)
Eight patients had declining trends of Tg-Ab levels. Of these eight patients, four declined 

to zero, one was dismissed from further follow-up. Forty-four months after treatment one 

patient with declining Tg-Ab trend (case no. 5) was diagnosed with recurrent disease based 

on a simultaneously rising Tg level and a palpable lesion in the neck. In this patient, the 

Tg-Ab trend had been declining since primary treatment. The patient was treated with 131I 

therapy. Post-therapy scintigraphy showed uptake in a suspicious lesion in the neck thereby 

confirming recurrent disease. 

Two patients had an increasing trend and ten patients a persistent stable Tg-Ab trend. No 

events occurred in both groups and from the persistent stable group six patients were 

dismissed from follow-up. During this period Tg-Ab levels of one patient remained 

undetectable. 

Figure 2. Disease-free survival
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60-132 months follow-up (n=13)
No events occurred during this period and seven patients were dismissed from follow-up, 

four due to persistent stable trend and three due to undetectable trend. 

132-156 months follow-up (n=6)
One patient (case no. 6) had an increasing Tg-Ab trend and was diagnosed with recurrence 

133 months after primary treatment. Besides rising Tg-Ab levels, Tg levels were rising and 

a palpable lesion in the neck was found during physical examination. Lymph node extirpation 

confirmed solitary PTC metastasis and the patient was treated additionally with radioiodine 

Table 2. Trend analyses of Tg-Ab levels and corresponding disease status during different periods of 
follow-up. 

Period of follow-up
in months

Tg-Ab trend n= NED Recurrent 
disease

Suspicion of 
recurrent disease

12–36 (n=25) Declining 
Increasing
Stable
Undetectable

11
7
7
-

10
4
7
-

-
2
-
-

1
1
-
-

36–60 (n=21) Declining 
Increasing
Stable
Undetectable

8
2
10
1

7
2
10
1

1
-
-
-

-
-
-
-

60–84 (n=13) Declining 
Increasing
Stable
Undetectable

4
2
4
3

4
2
4
3

-
-
-
-

-
-
-
-

84–108 (n=10) Declining 
Increasing
Stable
Undetectable

-
2
4
4

-
2
4
4

-
-
-
-

-
-
-
-

108–132 (n=6) Declining 
Increasing
Stable
Undetectable

1
1
1
3

1
1
1
3

-
-
-
-

-
-
-
-

132–156 (n=6) Declining 
Increasing
Stable
Undetectable

1
1
-
4

1
-
-
4

-
1
-
-

-
-
-
-

> 156 (n=5) Declining 
Increasing
Stable
Undetectable

-
-
1*
4**

-
-
1
4

-
-
-
-

-
-
-
-

* Case with persistent stable between 156-180, declining between 180-204 and persistent stable between 
204-296 with NED until follow-up was ended at 296 months after primary treatment. 
** All 4 cases had undetectable Tg-Ab levels and NED until follow-up was ended at 161, 196, 248 and 258 
months after primary treatment.  
Abbreviations: Tg-Ab = thyroglobulin-antibodies; NED = no evidence of disease
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therapy; the post-therapy scintigraphy also showed uptake in a pulmonary metastasis. 

Tg-Ab trend analysis for this patient showed a rise of less than 50% from 84 months 

onwards, with an increasing trend of more than 50% from 120 months after primary 

treatment. No cases were dismissed follow-up during this follow-up period. 

>156 months follow-up (n=5)
No events occurred. 

Total of Tg-Ab trends and corresponding events 
Over the total follow-up period, 25 declining trends were recorded. One of the patients with 

a declining trend (but with a simultaneous rise of Tg level) was diagnosed with recurrence. 

One patient underwent extensive evaluation and operation because of suspicion of recurrence 

based on a palpable lesion in the neck; that turned out to be a follicular proliferation. 

Fifteen increasing trends were registered and three patients were diagnosed with 

recurrences (one patient had a simultaneous increase of Tg, two had an undetectable Tg 

level) and 1 suspicion of recurrent disease (post-therapy 131I scan showed no uptake). 

No recurrences occurred, or suspicion of recurrence was raised, in 32 stable and 31 

undetectable trends (Table 4).    

DISCUSS ION

This study evaluates the use of the trend of Tg-Ab level as a marker for disease status 

during the follow-up of DTC patients with detectable Tg-Ab levels 12 months after primary 

treatment using predefined definitions for trends in Tg-Ab levels. The current study shows 

that in patients with declining or stable Tg-Ab levels, the risk of recurrence is negligible. 

In these cases, no further imaging is warranted. However, in patients with declining or 

undetectable Tg-Ab levels, with a simultaneous rise of Tg, additional imaging is indicated 

to search for recurrence. In case of rising Tg-ab levels, we recommend that the treating 

physician should actively try to diagnose recurrence, although one should be aware that 

in the majority of the patients no recurrence will be found.

Table 4. Cumulative trend analysis of Tg-Ab levels and corresponding disease status. 

Tg-Ab trend n= NED Recurrent 
disease

Suspicion of 
recurrent disease

Declining 

Increasing

Stable

Undetectable

25

15

32

31

23

11

32

31

1

3

-

-

1

1

-

-

Abbreviations: Tg-Ab = thyroglobulin-antibodies; NED = no evidence of disease
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Of the patients with detectable Tg-Ab 12 months after primary treatment, four (15%) were 

diagnosed with a recurrence during further follow-up. Three of the four recurrences 

occurred during the first three years after initial therapy. One patient had a recurrence after 

133 months precipitated by rising Tg-Ab and Tg-levels. Three out of four patients showed 

a rise in Tg-Ab before recurrence was confirmed, while the other patient had a declining 

Tg-Ab level, with a simultaneous rise of Tg level. In our cohort, no patients were diagnosed 

with recurrent disease when Tg-Ab levels were stable or undetectable.

Our data are in concordance with the published clinical position statement by Verburg, et 

al. on Tg-Ab positive patients. They state that changes in serum TgAb levels can be used 

as an imprecise surrogate marker and that the trend is of greater value than the absolute 

level (14). Most studies report a low recurrence rate in patients with Tg-Ab levels that 

eventually become negative (3,6). By some authors it is proposed that Tg-Ab persistence 

longer than 3 years after initial treatment may suggest recurrence or persistent disease 

(15). Our study does not support these results. The mere presence of Tg-Ab, in some 

patients as long as 156 months after primary treatment, was not found to be a predictor 

for recurrence. 

If Tg-Ab levels are rising, additional diagnostic modalities as US of the neck, DxWBS, 
18F-FDG and 124I PET/CT can be used for further evaluation (9,16-22).  This also applies to 

patients with rising Tg even in the presence of Tg-Ab.  

A limitation of our study is the relatively small number of patients. However, it is similar to 

the number of patients presented in other studies investigating Tg-Ab positive patients 

(12,23,24). The number of patients in clinical practice is also low. Statistical significance 

could not be assessed due to the limited number of events and it therefore limits the 

strength of our conclusion.

The retrospective nature of our study could introduce detection bias. Selective additional 

investigation could have been performed in patients with rising Tg-Ab level.  

Main strengths of our study are the long follow-up period and the use of a well-defined 

definition for trend, making the reliability and reproducibility of our data more robust. 

CONCLUS ION

The trend in Tg-Ab levels can be used as a crude surrogate marker for Tg. In patients with 

declining or stable Tg-Ab levels, without a simultaneous rise of Tg, the risk of recurrence 

is negligible. In contrast, a rising Tg-Ab trend >50% in a 2-year time period in patients 

without detectable Tg warrants the need for additional diagnostic work-up to detect possible 

recurrent disease. 
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ABSTRACT

Follow-up diagnostic radioiodine whole-body scintigraphy (DxWBS) is still advised for high-

risk patients with differentiated thyroid cancer. The aim of this study was to evaluate the 

additional value of DxWBS to stimulated thyroglobulin measurement in high-risk patients. 

The results of DxWBS and thyroglobulin measurements performed 6–12 months after 

surgery and radioiodine thyroid remnant ablation in patients with differentiated thyroid 

cancer were retrospectively evaluated for 112 patients with high-risk features for recurrence 

(R3/T4 and N1). 

One patient had an undetectable thyroglobulin level, with DxWBS results suggestive of 

cervical recurrence. DxWBS was found to be false-positive. Of the patients with detectable 

thyroglobulin levels, the DxWBS results were negative in 65 and positive in only 8. The 6 

patients positive for thyroglobulin antibody had negative DxWBS results. The remaining 

patients had an undetectable thyroglobulin level and negative DxWBS results. 

Because undetectable stimulated thyroglobulin levels have a negative predictive value of 

100%, DxWBS offers no information additional to recombinant human thyroid-stimulating 

hormone–stimulated thyroglobulin measurements in patients with high-risk differentiated 

thyroid cancer. 
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INTRODUCT ION

Differentiated thyroid carcinoma is a common malignancy with excellent survival rates 

(1,2). Lifelong follow-up of patients is important because recurrences regularly occur (3–6). 

Traditionally, follow-up consisted of periodic assessment of thyroglobulin and thyroglobulin 

antibody levels and performance of thyroid-stimulating hormone (TSH)–stimulated 

thyroglobulin measurement simultaneous with diagnostic radioiodine whole-body 

scintigraphy (DxWBS) 6–12 months after initial treatment with near-total thyroidectomy 

and 131I remnant ablation. 

For low-risk patients, however, the use of follow-up DxWBS is no longer recommended 

by either the American or the European guidelines (3,7). For high-risk patients, the value 

added by DxWBS to TSH-stimulated thyroglobulin measurement is largely unclear, because 

no studies evaluating this value have been performed in a large group of well-defined high-

risk patients. The aim of our study was to determine whether routine DxWBS performed 

6–12 months after initial therapy offers information additional to that provided by TSH-

stimulated thyroglobulin measurement during the first year of follow-up of differentiated 

thyroid carcinoma patients with predetermined high-risk features. 

PAT I ENTS  AND  METHODS

From January 1998 until January 2009, all consecutive patients who had undergone surgery 

for thyroid carcinoma and had been referred to the Department of Nuclear Medicine for 
131I ablation were retrospectively studied. Patient characteristics and follow-up parameters, 

such as laboratory measurements and the results of DxWBS, were recorded. In addition, 

tumor characteristics, preoperative and postoperative staging, and the results of surgery 

were registered. Follow-up data such as disease recurrence, duration of follow-up, and 

laboratory measurements (thyroglobulin and thyroglobulin antibody) were also considered. 

DxWBS 1 year after initial treatment was judged positive if uptake outside regions of 

physiologic uptake—such as the oral, nasal, or gastric mucosa; the salivary glands; or the 

urogenital region—or uptake classified as thyroid remnant was observed.

High- versus low-risk patients
The American and European guidelines differ in the definition of high- versus low-risk 

patients. In addition, the American guideline identifies intermediate-risk patients (3,7). 

In our study, we used the American Joint Committee on Cancer (AJCC) TNM version 7 

classification in determining the T stage of the various tumors (8). 

For this study, we defined high-risk patients as patients with T3 or T4 tumors or positive 

cervical lymph nodes (N1). We did not include age as a predictor of low- or high-risk disease, 

because the treatment protocol is independent of age. This definition is in concordance 

with the European guideline. Patients with distant metastasis (M1) were excluded from 

analysis. 
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Diagnostic Whole-Body Scintigraphy
Until December 2004, all patients referred for DxWBS  6-12 months after initial therapy 

were withdrawn from LT4 medication 4 weeks before administration of 370 MBq 131I.  From 

January 2005 onward, patients received intramuscular injections with 0.9 mg recombinant 

human TSH (rhTSH) on two consecutive days followed by administration of 370 MBq of 
131I on day 3, obviating LT4-withdrawal. Blood samples were taken to measure thyroglobulin 

levels and thyroglobulin-antibody on days 3 and 5.  The serum TSH level was measured 

on day 3. One week after administration of 131I, DxWBS was performed with a dual –head 

gamma camera (MCD; Philips Medical Systems) fitted with high-energy collimators. Ten-

minute spot views on a 256x256 matrix were obtained with a 15% energy window centered 

on a 364-keV photopeak of the head, neck, thorax and abdomen.  

Laboratory analysis
Thyroglobulin and thyroglobulin-antibody levels were measured using the DYNOtest 

thyroglobulin-pluS (Brahms Diagnostica GmBH) The functional sensitivity, defined as the 

lowest thyroglobulin level that can be measured with a variation of less than 20%, for this 

assay is 0.2 ng/mL. TSH levels were measured simultaneously and exceeded 20mU/L in 

all patients. 

All thyroglobulin and thyroglobulin antibody levels indicated in the text or tables are TSH-

stimulated measurements, either by LT4 withdrawal or recombinant human TSH injection.

Statistical analysis
Statistical analysis was performed using SPSS 13.0 (Chicago, Illinois) All demographic data 

are shown as mean values ±SD unless indicated otherwise. For statistical analysis, we 

used Chi-square and t-tests where appropriate. P-values less than 0.05 were considered 

statistically significant.

RESULTS 

Patient characteristics
From January 1998 until January 2009, 402 patients were treated with 131I ablation therapy 

after resection of differentiated thyroid carcinoma in the University Medical Center Utrecht, 

The Netherlands. Two hundred eleven patients were excluded from analysis because they 

were classified as low-risk patients on the basis of tumor size and lymph node status (T1/

T2N0); 20 of the remaining high-risk patients had metastatic disease at the time of diagnosis 

and were therefore excluded. Another 59 patients were not included in the final analyses 

either because information about thyroglobulin level or DxWBS was missing (n = 56) or 

because they were treated with a blind therapeutic dose and post-therapeutic scintigraphy 

was performed (n = 3). 

As a result, 112 high-risk patients remained for final analysis. Most of these patients were 

female (70% vs. 30%). The median age was 48 y (range, 20–83 y) (Table 1). 
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Tumor characteristics
Median tumor size in these patients was 30 mm (±20mm, with a range of 3-90 mm). Most 

patients were treated for papillary carcinoma 81% (n=91) (Table 1). 

TNM stage
TNM stage according to the 2010 TNM criteria at the time of diagnosis was stage I in most 

patients (48 %). In 8 patients (7%), the TNM stage was unknown because of missing 

information about the primary tumor size (Table 1). Specified information on the T and N 

stages of the tumor is also shown in Table 1. 

Table 1. Patient and Tumor Characteristics of 112 high-risk DTC patients

Characterics Result

Sex (n)

Male 35 (31%)

Female 77 (69%)

Median age ± SD (y) 48 ± 16

Median tumor size ± SD (mm) 30 ± 20

Tumor histology (n)

Papillary 91 (81%)

Follicular 21 (19%)

Hürthle cell 8 (7%)

131I ablation dosage

3700 mBq 40 (36%)

5550 mBq 63 (56%)

7400 mBq 9 (8%)

TNM stage at time of diagnosis (n)

I 54 (48%)

II -

III 24 (21%)

IV 26 (23%)

Missing 8 (7%)

T and N stage (n)

T1N1 22

T2N1 23

T3N0 31

T4N0 14

T3N1 10

T4N1 3

TxN1 9
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DxWBS and thyroglobulin measurement
The results are summarized in Table 2. 

Most patients had a thyroglobulin value above the lower detection limit of 0.2 ng/mL (66%). 

Only 8 patients had a thyroglobulin value above 0.2 ng/mL in combination with positive 

DxWBS results. 

All these patients were diagnosed with disease recurrence. In 6 patients, only neck 

recurrence was observed. The other 2 patients were diagnosed with a distant metastasis 

to the skull (1 patient) or to the lung and brain (1 patient). 

In 31 patients (30%), thyroglobulin measurements were below 0.2 ng/mL, no thyroglobulin 

antibody was found, and DxWBS showed no signs of recurrent or metastatic disease. Six 

patients (5%) had undetectable thyroglobulin measurements in the presence of thyroglobulin 

antibody. None of these patients had DxWBS results suggestive of cervical node 

metastases. 

Of the patients with an undetectable thyroglobulin level and no detectable thyroglobulin 

antibody, 1 had DxWBS findings suggestive of cervical node metastases. Additional imaging 

using neck ultrasound, 18F-FDG PET, and MRI found no evidence of cervical recurrence. 

DxWBS performed 1 year later showed no uptake, and thyroglobulin levels remained 

undetectable, without the presence of thyroglobulin antibody. 

The negative predictive value of stimulated thyroglobulin levels less than 0.2 ng/mL for 

disease recurrence in our group was therefore 100%.

DISCUSS ION

The European and the American guidelines have different definitions of high-risk 

differentiated thyroid cancer, and neither guideline stages into groups according to the 

AJCC cancer staging manual (8). The authors of the American guideline introduce a 3-level 

stratification system because the AJCC cancer staging manual was developed to predict 

death, not recurrence (9). The authors of the European guideline do not state why they 

choose to introduce their own definition of high-risk differentiated thyroid cancer. 

Table 2. Results of DxWBS 6-12 months after initial therapy combined with Tg level measurements of 
High-Risk DTC patients

Thyroglobulin level

<0.2 ng.ml >0.2 ng/ml <0.2 nl/ml, TgAb + Total

DxWBS result

Negative 

Positive

Total

32 (29%)

1 (1%)

33 

65 (58%)

8 (7%)

73

6 (5%)

0 (0%)

6

103

9

112
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The American and European guidelines do not give clear advice on the use of DxWBS. The 

recently published American guideline states that DxWBS may be of value in the follow-up 

of high- or intermediate-risk patients. This recommendation is based on expert opinion and 

does not specifically say when or when not to perform DxWBS (3). The European consensus 

statement states that DxWBS is indicated by some authors in the follow-up of high-risk 

patients or when post-ablation scintigraphy is poorly informative or discloses suggestive 

uptake (10,11). Routine DxWBS is advised for patients positive for thyroglobulin antibody 

(7). Our study indicated that routine DxWBS added no diagnostic value to stimulated 

thyroglobulin level measurement in a large population of patients with high-risk differentiated 

thyroid carcinoma. 

The literature about this subject is limited, and most studies have evaluated low- and high-

risk patients together. Only the study by Verburg et al. analyzed high-risk patients separately, 

but the high-risk group contained only 44 patients and lacked a clear formulation of high-risk 

criteria. Still, the authors concluded that routine DxWBS might be omitted in high-risk 

patients just as in low-risk patients (12). Other studies have found that in their study 

population, which also included high-risk patients, DxWBS had no value additional to that 

provided by stimulated thyroglobulin measurement (12–17). 

Robbins et al. strongly advocate the routine performance of DxWBS in the follow-up of all 

differentiated thyroid carcinoma patients. The authors concluded that thyroglobulin 

measurement alone is insufficient to detect all recurrences or metastases and that DxWBS 

detected the recurrences or metastases missed by thyroglobulin measurement, therefore 

complementing the thyroglobulin measurement (18). 

DxWBS can have a role in patients with thyroglobulin antibody present. Because of 

thyroglobulin antibody interference in immunometric tests, thyroglobulin levels are 

unreliable in the presence of these antibodies (19). 

In patients with detectable thyroglobulin (>2 ng/mL), further diagnostic imaging is required. 

In these patients, DxWBS is one of the tools that can be used to detect recurrent or 

metastatic disease. Other options include blind therapeutic activities, which are the 

administration of 131I without previous visualization of the anatomic substrate. Post-

therapeutic scintigraphy is more sensitive, but DxWBS delivers a far lower radiation burden 

to the patient. Approximately 40% of post-therapeutic scans are negative and will not 

reveal thyroglobulin-producing lesions (20). Other imaging modalities, such as 18F-FDG PET, 
124I PET, CT, and MRI, can be used in an attempt to localize recurrent or metastatic 

differentiated thyroid carcinoma in patients in whom disease is suspected on the basis of 

the thyroglobulin level. 
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ABSTRACT

Several Japanese studies have focused on identifying prognostic factors in patients with 

positive lymph nodes in order to predict recurrence rate and disease-free survival (DFS). 

However, different treatment protocol is followed in Japan compared to the European and 

American approach. This study was designed to investigate whether the number and/or 

location of lymph nodes predicts prognosis in patients with differentiated thyroid cancer 

(DTC) treated with (near)total thyroidectomy, lymph node dissection and postoperative 

radioactive iodine ablation.   

All 402 patients who were treated at the Department of Nuclear Medicine between 1998 

and 2010 for DTC were reviewed. Patients were treated with (near)total thyroidectomy, 

lymph node dissection on indication and postoperative 131I ablation. Median follow-up was 

49 months (range 10-240 months) Outcome measures were recurrence rate and disease-

free survival. 

Ninety-seven patients had proven lymph node metastases. Recurrence rate was significantly 

higher in patients with positive lymph nodes in the lateral compartment vs. patients with 

lymph node metastasis in the central compartment (60 versus 30%, p=0.007) Disease-free 

survival and mean time to recurrence were also significantly shorter (30 versus 52 months, 

p=0.035 and 7 versus 44 months, p=0.004, respectively). The number of lymph nodes and 

extranodal growth were not significantly associated with the outcome measures used. 

The location of positive lymph nodes was significantly correlated with the risk of recurrence 

and shorter disease-free survival. Hence, the TNM criteria are useful in subdividing patients 

based on risk of recurrence and DFS.
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INTRODUCT ION

Differentiated thyroid cancer (DTC) is the most common type of thyroid malignancies. The 

disease-related mortality for DTC is very low, but spread to the regional lymph nodes 

frequently occurs, especially in patients with papillary thyroid cancer (1,2). 

The TNM classification (3) describes the presence of positive cervical lymph nodes (CLN) 

as an independent risk factor for recurrence in all patients with follicular (FTC) and papillary 

thyroid cancer (PTC) over 45 years old. The disease-related mortality however, is not 

influenced by this parameter. The TNM classification further subdivides patients with 

positive lymph nodes into N1a, ie. positive nodes in the central compartment (level VI) and 

N1b patients, ie. with positive nodes in the lateral compartment (levels II-IV/V). N1b status 

is in patients with DTC is thereby implied to result in worse disease-free survival (DFS). 

Most of the research focused on disease-free survival and recurrence rate related to the 

location and number of positive lymph nodes has been done by Ito et al. from Japan. (4-7) 

One of their most recent publications implicates that DFS of N1b patients is only significantly 

lower than that of N1a patients when 1) lymph nodes are larger than 3 cm 2) 5 or more 

positive lymph nodes are present in the lateral compartment, or 3) extranodal growth is 

present (5). The main problem of applying results of these studies to the European and 

American population is the different treatment of patients with DTC in Japan, with a much 

lower rate of total thyroidectomies and the limited use of radioactive 131I therapy. However, 

European and American guidelines are primarily based on the results of these Japanese 

studies (8,9).  The purpose of this study was to investigate the impact of the location and 

the number of cervical lymph node metastases on recurrence rate and DFS in patients 

with DTC treated in accordance with European/American standards, with (near) total 

thyroidectomy and postoperative 131I ablation.   

PAT I ENTS  AND  METHODS

We performed a retrospective study in the University Medical Center Utrecht. All patients 

referred to our Nuclear Medicine department for 131I ablation therapy after surgical treatment 

for DTC between January 1998 and April 2010 were reviewed (Figure 1). 

Low-risk patients were defined as patients with small tumors (T1-T2) without the presence 

of lymph node metastasis (N0).  All other patients were defined as high-risk patients, this 

staging is in concordance with the 7th edition of the American Joint Committee on Cancer 

(AJCC) TNM staging criteria. Patients were staged after their initial surgery. Patients were 

excluded from analysis when distant metastasis were present or when the number of 

positive lymph nodes could not be retracted from clinical records.   

Initial treatment
Patients were treated according to the known extent of disease at time of diagnosis. All 

patients were treated by (near)total thyroidectomy followed by 131I radioiodine remnant 
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ablation. All patients received an ablative dosage varying from 3700 to 7400 mBq, 4- 6 

weeks after thyroid resection. Patients were not substituted with levothyroxine in the 

weeks ahead of ablation therapy to raise endogenous TSH production. Treatment 

traditionally consists of surgery followed by radioiodine ablation for every patient treated 

for DTC, regardless of size, extension or lymph node involvement in the Netherlands.  Only 

dosages vary from 3700MBq for low-risk patients to 7400MBq for patients with large 

tumors and lymph node involvement and patients with distant metastasis.  

Preoperative examination consisted of ultrasound of the neck and thorough physical 

examination. If enlarged lymph nodes were detected, lymph node dissection was 

Figure 1. Flowchart
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performed. Lymph node dissection was also performed bases on operative findings 

suggestive of lymph node spread. All patients who were treated with lateral lymph node 

resection also had central neck dissection.  

Laboratory analysis and diagnostic whole-body scan
Blood samples were obtained at various moments during follow-up. On the day of 

administration of the ablative dosage, blood samples were obtained to measure the levels 

of thyroid stimulating hormone (TSH), thyroid hormone, thyroglobulin (Tg) and thyroglobulin- 

antibodies (Tg-Ab).

Every 6 months Tg level and Tg-Ab were measured without TSH stimulation and ultrasound 

of the neck was performed to screen for recurrent disease. TSH stimulated specimen 

(either by LT4 withdrawal or after using intramuscular recombinant human TSH (rhTSH) 

injections) were drawn at least after 1,4 and 9 years with the simultaneous performance 

of a diagnostic whole-body scan using 370 mBq radioactive 131I).  

Tg and Tg-Ab levels were measured using the DYNOtest Tg-pluS (Brahms Diagnostica 

GmBH). The functional sensitivity for this assay is 0.2ng/mL. 

Additional treatment
Based on findings during follow-up examination, some patients received additional 

treatment. Additional treatment included central (level VI) and/or lateral neck dissection 

(levels II-V), administration of therapeutic dosages of 131I and external radiotherapy. 

Measures of outcome
For this study, we defined three major measures of outcome: recurrence of disease, 

disease-free survival and mean time to recurrence.  Patients were diagnosed with disease 

recurrence whenever one of the following features was present: cytological/histological 

evidence of newly developed disease, rising Tg or Tg-Ab levels in patients with previously 

undetectable levels or detectable Tg/Tg-Ab levels combined with positive ultrasound 

(cervical lymphadenopathy), diagnostic whole-body or post therapy scintigraphy, or 18F-FDG-

PET.  Patients with already detectable Tg level, neck ultrasound suspicious for lymph node 

recurrence, or uptake on a post-ablation scan within 9-12 months after therapy are referred 

to as patients with disease persistence. Whenever one of these features remained positive 

during total follow-up a patient was diagnosed as never free of disease. DFS was defined 

as the time in months without evidence of disease recurrence. Mean time to recurrence 

was calculated for all the patients diagnosed with recurrent disease. 

Statistical analysis
Statistical analysis was performed using SPSS for Windows 15.0 (SPSS, Chicago, IL, USA).

For numeric variables, Pearson’s chi-squared test was used, whereas continuous variables 

were compared using ANOVA. The Kaplan-Meier curve was used to compare DFS rates. 

A p-value <0.05 was considered to be statistically significant.
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RESULTS

As shown in the flowchart a total of 402 patients with DTC were reviewed. 

A total of 97 patients (24%) had a known number of positive lymph nodes at time of initial 

diagnosis without the presence of distant disease and were available for analysis. Median 

follow-up was 49 months (range 10 – 240 months). Eighty-five percent of the patients with 

N1b status also had lymph node involvement of the central compartment.  

Patient characteristics are summarized in Table 1. 

Forty-five patients (46%) were diagnosed with recurrent disease. Most recurrences were 

of lymphatic origin with the involvement of regional and/or distant lymph nodes (83%). 

One third of the patients were treated with additional neck dissection, while the remaining 

patients were treated with one or more additional therapeutic dosages of 131I. Five patients 

were additionally treated with external radiotherapy. 

The number of positive lymph nodes was not significantly related to the risk of recurrence, 

DFS or time until recurrence for the whole group (Table 2). When analyzing only the group 

of patients with N1b status, the number of lymph nodes also did not significantly influence 

recurrence rate (p=0.308). 

Table 1. Patient characteristics of high-risk patients N1M) (n=97)

Gender

M

F

38% (n=37)

62% (n=60)

Mean age (±SD) 48 yr (±17)

Histology

Papillary

Follicular

96%

4%

N-stage

1a

1b

34% (n=33)

63% (n=61)

No. of lymph nodes

1-4

5-9

10-14

15-19

20-24

≥ 25

66% (n=66)

18% (n=17)

7% (n=7)

2% (n=2)

4% (n=4)

1% (n=1)

Mean preablative TSH (±SD) 92 (±41)

Median follow-up (m) 49

Recurrence rate 46% (n=45)

Disease-related mortality 4% (n=4)
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The only factor that significantly influenced recurrence rate and DFS in multivariate analysis 

was the presence of positive lymph nodes in the lateral compartment. 

Thirty percent of the patients with positive central lymph nodes developed recurrent 

disease compared with 60% of the patients with positive lateral lymph nodes (p=0.007). 

The mean disease-free survival for N1a patients was 52 months versus 30 months for N1b 

patients (p=0.035). Also, the mean time to recurrence was significantly shorter in patients 

with positive nodes of the lateral compartment (7 vs. 44 months, p= 0.004, respectively). 

This difference also applied for patients with N1b status without the presence of central 

lymph nodes (p=0.023)

All disease related deaths (n=4) were observed in the patients with N1b status, however 

this was not statistically significant (p=0.139), possibly due to the low number of patients. 

Results are shown in table 3; Figure 2.  

Figure 2. 

Table 2 Recurrence rate and DFS related to the number of positive lymph nodes

No. of 
positive 
lymph 
nodes

Total 
patients

Recurrence 
rate

P value Mean DFS 
(mo)

P value Mean time 
to 
recurrence 
(mo)

P value

<5 66 50% 0.879 37 0.85 16 0.428

>5 31 51% 36 7

<10 83 47% 0.145 37 0.764 15 0.494

>10 14 69% 33 6

<15 90 49% 0.414 38 0.306 14 0.711

>15 7 67% 18 7
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DISCUSS ION

The presence of lymph node spread at the time of diagnosis predicts a higher risk of 

recurrent disease for patients with DTC. We found that the location of the lymph nodes 

significantly influences recurrence rate, time to recurrence and disease-free survival. 

Patients with clinically evident lymph nodes of the lateral compartment have a significantly 

higher recurrence rate compared to patients with positive central lymph nodes. 

Our research addresses the clinical implication of lymph node involvement in a European 

patient group. Most studies focusing on this subject are from Asia, and especially Japan, 

where treatment strategy of patients is substantially different from the European method, 

whereas European and American treatment strategy is quite similar. 

Results of our study can be used to further specify treatment and follow-up 

recommendations for the European and American population. 

Furthermore, results of Asian studies are similar, which might indicate that treatment can 

be performed adequately in different ways for DTC patients. 

We also showed that N1b status, in the large majority of cases, can be considered as more 

advanced disease compared to patients with only lymph node spread to the central 

compartment. Yet, at the same time our research shows that patients with the solitary 

involvement of lateral lymph nodes have a higher recurrence rate and shorter DFS. 

Our results are in concordance with the findings of the Japanese studies, which found that 

the presence of clinically evident positive lymph nodes in the lateral compartment was a 

predictor of higher recurrence rate and shorter DFS (5,10,11).

The number of positive lymph nodes or the presence of extranodal growth did not contribute 

significantly to a worse DFS or higher recurrence rate in our study. This is in contradiction 

with the results of Ito et al., who found that the number (> 5 positive nodes) and the 

presence of extranodal growth did significantly influence DFS.  The study of Lee et al. also 

investigated the prognostic significance of the number of positive nodes, but only in N1a 

patients; their preliminary results suggest that more than 5 positive lymph nodes in the 

central compartment may affect recurrence rate and DFS (12). Analysis of our N1a- and 

N1b-positive patients did not show a significant correlation between the number of lymph 

nodes and disease recurrence (p=0.549, p=0.308). Age and extranodal growth also did not 

show a significant correlation with recurrence rate (p=0.165, p=0.549). Size of the 

metastatic nodes has also been indicated as a prognostic factor by Ito et al. and Sugitani 

Table 3. Recurrence rate and DFS related to N stage

N stage Total 
patients

Recurrence 
rate

P valule Mean DFS 
(mo)

P value Mean time 
to 
recurrence

P value

N1a 33 30 0.007 52 0.035 44 0.004

N1b 66 60 30 7
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et al. (13). Our data missed information about the size of positive lymph nodes and therefore 

could not be analyzed regarding this parameter. 

Different explanations could exist for the different findings between our study and the 

studies performed in Asia. The main difference between our study population and the 

Japanese population is the nature of the treatment of thyroid cancer. Whereas routine 

ablation of the thyroid remnant is performed in Europe and the United States, it is not 

frequently used in Japan and other Asian countries. The Japanese guidelines on the 

treatment and follow-up of thyroid cancer also differ on various other points from the 

American and European guidelines (14).

Therefore, the results of Asian studies, especially about prognostic significance, follow-up 

and treatment are sometimes difficult to generalize to the European and American 

population. 

The use of routine ablation therapy in western countries might be responsible for the 

different outcomes in respect to the prognostic significance of the number and growth 

type of positive lymph nodes between our study and the Japanese studies. The ablation 

therapy might compensate for a higher number of lymph nodes and the presence of 

extranodal growth in our patients, neutralizing it as a significant prognostic factor. The 

ablation dosages used in our study varied, but the current opinion in our institution is that 

low ablation dosages are just as effective higher dosages.  

It is quite possible that the number of lymph nodes and the presence of extranodal growth 

do influence recurrence rate and DFS in the western population, but that our study 

population was too small to achieve statistical significance for these factors. Japanese 

treatment and especially lymph node resection, is performed more often and usually more 

aggressive due to the less frequent use of radioactive iodine. More information about the 

lymph nodes is therefore collected and more variables can be analyzed. 

Limitations of our study include its retrospective nature. Randomized and prospective 

studies are, however, almost impossible to perform because of the large number of patients 

that should be included and the long follow-up period. In addition, a median follow-up of 

49 months for high risk patients may be considered relatively short, as recurrences can 

occur after 10 years. Even though most recurrences are identified in an early stage of 

disease (mean time of recurrence in our study was 14 months) studies with longer follow-

up are necessary in order to support our findings. Our study however, did analyze all 

patients treated in an academic hospital over the course of more than 12 years.  

With this study, we confirm the adequacy of the 7th edition of the AJCC TNM staging 

manual concerning the subdivision of patients based on lymph node status (N1a versus 

N1b). Other factors such as the number of positive lymph nodes or the presence of 

extranodal growth could not be confirmed as prognostic factors that significantly influenced 

recurrence rate and DFS in our study population. 
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The major subjects discussed in this thesis relate to the approach of patients with thyroid 

nodules, prognostic factors influencing outcome and proper follow-up strategy for patients 

with differentiated thyroid cancer. 

DIAGNOS IS  OF  D I F FERENT IATED  THYRO ID  CANCER

The role of fine needle aspiration in diagnosing thyroid cancer

Chapter 2 focused on Fine Needle Aspiration (FNA) as a tool to diagnose thyroid cancer. 

FNA remains the cornerstone of thyroid nodule evaluation. However, non-diagnostic FNA 

leads to repeat FNA or diagnostic lobectomy, leading to patient anxiety (1). Moreover, 

repeat FNA delays diagnosis and thus definitive care for patients with thyroid cancer. 

The authors of the Bethesda System for Reporting Thyroid Cytopathology state in their 

guideline that ideally a maximum of 10% of FNAs should be non-diagnostic. This is in sharp 

contrast with reported non-diagnostic rates of up to 34% in current literature. Our study 

reports an overall non-diagnostic rate of 54%. While ultrasound(US)-guided FNA was 

thought to reduce non-diagnostic aspirates, little difference was found compared with 

palpation-guided FNA.  Other factors that could influence adequacy rates are operator 

experience, aspiration technique, size and vascularization of the nodule, type and size of 

the needle and the number of needle passes (2-7). Rapid onsite adequacy assessment 

(ROSAA) whereby the FNA sample is assessed for adequacy by a cytopathologist on-site, 

providing immediate feedback, has also been suggested in literature as a way to improve 

adequacy rate (3, 8, 9).  After our study was performed, a subsequent study was conducted 

in our hospital, introducing ROSAA. This resulted in better adequacy rates, however the 

percentage of non-diagnostic aspirates still exceeded the suggested 10% (10).

It is possible that published adequacy rates in other studies are subject to publication bias, 

leaving studies with higher non-diagnostic rates unpublished. High non-diagnostic rates 

might also go unnoticed in centers where own performance is not documented. Our study 

outlines the importance of critically assessing local performance and evaluating results, 

especially when a change of technique has been implemented. 

There are other possible strategies of interest that could possibly reduce the number of 

non-diagnostic aspirates: core needle biopsy (CNB) and molecular testing. Meta-analyses 

on CNB versus repeat FNA after initial non-diagnostic aspirates show a significantly lower 

non-diagnostic rate of 1.4% for CNB versus 34.2% for FNA. The relative risk for a non-

diagnostic aspirate for CNB is four times lower. 

A study evaluating CNB as a primary method to evaluate thyroid nodules showed a 

significantly lower non-diagnostic rate in the CNB group compared to patients that 

underwent FNA (5.2% vs 12.1%) The complication rate was similar as were patient comfort 

and tolerability between techniques (11-12). Molecular testing is another method suggested 

by the members of the Endocrine Society and American Thyroid Association (ATA) as a 

tool to decrease the number of non-diagnostic tests. However, this seems to be especially 
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applicable for aspirates with undetermined significance. Whether aspirates with low 

cellularity or bloody aspirates are suited for molecular testing is unclear. Future studies are 

needed to evaluate this (13).  

Prognosis and follow-up
Accurate surveillance for possible recurrence is a major goal of long-term follow-up. Tests 

with high specificity and negative predictive value allow identification of patients unlikely 

to experience disease recurrence. Less aggressive follow-up strategies can be used in 

these patients that are safe and more cost-effective. On the other hand, patients with a 

higher risk of recurrence are monitored more aggressively, because it is believed that early 

detection of recurrence offers the best opportunity for effective treatment (28).

Re-staging
In Chapter 3 we have shown that an undetectable level of stimulated-Tg 9-12 months after 

therapy has a very high negative predictive value for recurrence for both low- AND high-risk 

patients. High-risk patients can have a low risk of recurrence when they their response to 

therapy was excellent. These results are supported by several other authors (14-27). Initial 

risk staging is useful in determining treatment and early diagnostic follow-up strategy. 

However, it is important to recognize that risk of recurrence and disease-specific mortality 

can change over time as a function of clinical course and response to therapy and does 

not only reflect tumor biology. 

Re-evaluation of risk category has therefore been proposed, making the classification of 

low- and high-risk patients a dynamic process, also based on response to therapy. This 

re-classification, also called ‘Ongoing Risk Stratification’ or ‘Delayed Risk Stratification’ 

allows for modulation of the subsequent follow-up, excluding a significant number of 

especially intermediate and high-risk patient from unnecessary intensive work-up. 

The clinical application of this dynamic classification system is dependent on the availability 

of high-quality biochemical testing methods and appropriate interpretation of functional 

imaging and therefore only useful in countries with high standard of care. The system 

proposed by and initially validated by Tuttle et al. (14) describes four groups:

- Patients with excellent response to therapy; no biochemical or structural evidence of 

disease

- Biochemical incomplete response: abnormal Tg or rising Tg antibody level in the absence 

of localizable disease

- Structural incomplete response: persistent or newly identified loco-regional or distant 

metastases

- Indeterminate response; non-specific biochemical or structural findings that cannot be 

confidently classified as either benign or malignant. For example, patients with stable or 

declining Tg-antibodies without structural evidence of disease. 

This new stratification system still lacks published prospective data utilizing this system 

and validation in specific groups, for example patients not treated with remnant ablation 

or total thyroidectomy. Further research is needed to validate the system in patients treated 
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with total thyroidectomy but without remnant ablation and in patients treated with less 

than total thyroidectomy. Studies focusing on what type of functional imaging should be 

used to rule out disease recurrence/residual disease in patients with a biochemical 

incomplete response are also needed. 

The latest ATA guideline, published in 2015, acknowledges the importance of re-classifying 

patients based on response to therapy and the proposed classification of Tuttle et al. is 

incorporated in the new guideline (28).  ‘Delayed Risk Stratification’ is incorporated in the 

latest revision of the Dutch guideline as well (29). 

Biochemical markers
In Chapter 3 and 4 we have discussed the importance of TSH-stimulated Tg and Tg-Ab 

measurements in the follow-up of patients with differentiated thyroid cancer (DTC) patients. 

Stimulated Tg, in the absence of Tg-Ab, is an excellent tumor marker and undetectable Tg 

levels have been shown to reflect excellent response to therapy (15,30,31).

The follow-up strategy of patients with Tg-Ab remains a challenge for physicians. The ATA 

guideline does not provide a clear advice on the follow-up of patients with Tg-Ab, apart from 

recognizing that declining Tg-Ab levels are a good prognostic sign, while rising antibody 

levels in the absence of Tg significantly increase the risk of recurrence. The Dutch guideline 

proposes that additional imaging with 18F-FDG-PET CT or an additional therapeutic dose 131I 

be considered in patients with stable and rising Tg-Ab levels.  In our study, no recurrences 

were diagnosed in patients with stable Tg-Ab levels and this is supported by several other 

authors (32-37).  Additional imaging with 18F-FDG-PET-CT or the administration of a 

therapeutic dose should, in our opinion, be reserved for patients with rising Tg-Ab levels. 

Because the interference of Tg-Ab remains a problem in current methodologies for both 

the measurement of Tg and Tg-Ab, new strategies are being developed to deal with Tg-Ab. 

For example, a pilot study has been conducted evaluating the role of circulating epithelial 

cells as a tumor marker in patients with papillary thyroid cancer with serum Tg-Ab. Results 

of the study are promising and confirm that these epithelial cells could be a potential 

biomarker in identifying recurrence (38). 

Another method under investigation is improving diagnostic performance of high-sensitivity 

Tg assays. Giovanella et al. claim that by lowering the threshold for Tg, in case of Tg-Ab 

presence, patients can reliably be followed using only Tg measurement (39). 

Imaging
Imaging is an important aspect of the surveillance strategy for DTC patients.

In Chapter 5 we have shown that in absence of Tg and Tg-Ab, in combination with a 

negative ultrasound of the neck, diagnostic 131I whole-body scintigraphy has no added value 

for low- AND high-risk DTC patients (patients with distant metastasis excluded). 

The ATA and Dutch guidelines still recommend diagnostic 131I whole-body scintigraphy 

(DxWBS) for high-risk patients. The American guideline subdivides patients not only in 

low-or high risk, but adds a third category:  intermediate-risk patients. These are patients 
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with aggressive histology, minor extrathyroidal extension, vascular invasion or >5 involved 

lymph nodes varying up to 3 cm in diameter. High-risk patients are defined as patients with 

gross extrathyroidal extension, incomplete tumor resection, distant metastases or lymph 

nodes larger than 3 cm.  The Dutch guideline only recognizes low- and high- risk patients. 

The patients belonging to the intermediate category in the ATA guideline would be classified 

as high-risk patients in the Dutch classification system. The Dutch guideline is therefore 

somewhat more liberal in the use of DxWBS compared to the American one. 

In our opinion, the strategy regarding the use of DxWBS should not be based on initial risk 

stratification, but should be combined with the re-classification of patients based on their 

response to therapy as discussed previously.  In that case, high-risk patients are patients 

with a clinical or biochemical suspicion of recurrence/persistence and an anatomic substrate 

can possibly be located using DxWBS.  If DxWBS shows no uptake, additional imaging is 

warranted.  Using this strategy, many previously diagnosed intermediate or high-risk 

patients will not be ‘over-investigated’ with a DxWBS. 

Of note, DxWBS is one of many tools to detect recurrent or metastatic disease in DTC 

patients. 

Other imaging techniques that might be useful in the detection of persistent or recurrent 

disease during follow-up of DTC patients include: 

Cervical ultrasonography
US of the neck is the most important imaging technique during follow-up of DTC patients. 

It is easily performed and very well tolerated by patients. It is highly sensitive in detecting 

cervical lymph node metastases in patients with DTC (40-42).  It is used to evaluate the 

thyroid bed and the lymph node compartments. It is performed 6-12 months after initial 

therapy and can be periodically performed thereafter, based on the patient’s risk of 

recurrence. Neck US can detect metastases as small as 2–3 mm in diameter (in patients 

in whom serum Tg may be low or undetectable), but benefit of their early discovery (<8–10 

mm) has not been demonstrated and has no diagnostic consequences. 

SPECT-CT and PET-CT
The application of radioactive 131I (radioiodine) has become more targeted, based on 

evidence of the indolent behavior of a majority of tumors. Clinicians are in need of a 

diagnostic method which identifies patients that benefit from therapeutic interventions like 

radioiodine and thereby optimizes the therapeutic benefits and limits both radiation-related 

risks and healthcare costs. 

DxWBS has traditionally been an important contributor to decision- making about potential 
131I therapy. 

Whole-body scintigraphy includes planar images or images using a dual-head SPECT gamma 

camera of the whole body and spot images of the neck, mediastinum and any abnormal 

focus of radioiodine uptake. It may be performed after a diagnostic or therapeutic activity 

of radioiodine. It is often difficult to differentiate uptake in normal thyroid tissue or cervical 

lymph nodes because of the lack of anatomical landmarks on planar images. Diagnostic 
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123I and low dose 131I scintigraphy is known to underestimate the disease burden compared 

to 131I post-treatment scans, especially in patients that have been previously treated with 

radioiodine (43-44). 

Hybrid cameras combine a dual-head SPECT gamma camera with a CT-scan. This allows 

a combination of functional and anatomical imaging. Whole-body SPECT/CT performed 

after administration of a diagnostic or therapeutic activity of 131I is associated with an 

increased number of patients with a diagnosis of metastatic lymph nodes and a decreased 

frequency of equivocal findings (45-50). 

Moreover, CT provides information on non-iodine avid lesions. The SPECT-CT changed 

treatment management of up to a third of patients (24-36%) by decreasing the rate of 

equivocal findings. It avoids the need for further imaging with contrast CT. Therefore, 

whenever a diagnostic scan is indicated a SPECT-CT should be considered. 

The use of 124I, a positron emitting tomography tracer, in combination with CT (PET-CT) has 

made it possible to detect and image thyroid cancer lesions with high sensitivity and 

resolution. It can not only be used to localize disease, but also as a dosimetric tool. It 

permits an accurate measurement of the volume and uptake of 124I and therefore is a highly 

sensitive imaging modality for detection of radioiodine avid metastatic DTC. Sensitivity has 

been reported to be higher compared to planar whole-body scintigraphy, it has not yet been 

compared with SPECT-CT in a large series. However, 124I PET-CT also detects many lesions 

that are not visualized on the posttreatment 131I scan, indicating that their iodine avidity 

may not be sufficient to achieve a specific activity that would deliver effective 131I treatment 

to lesions identified.  Therefore, it cannot be used as a tool to identify patients amenable 

to 131I ablation therapy (51). Another disadvantage of PET-CT is its availability, it has not 

been widely available for clinical use. It is used primarily as a research tool (52).  

18F-FDG-PET CT
For patients with biochemical suspicion of disease, but with negative US and 131I imaging 
18F-FDG-PET CT could be considered. It has a high sensitivity and specificity for non 131I 

avid lesions. Factors influencing sensitivity are tumor dedifferentiation (higher sensitivity 

in tumors with aggressive histological subtypes, including poorly differentiated cancer) and 

tumor burden. 18F-FDG uptake is a major negative predictive factor for response to 

radioiodine treatment and a prognostic factor for survival (53-54). 

For patients with a low stimulated-Tg serum level the sensitivity of 18F-FDG-PET CT is low. 

False positive lesions can also be observed with 18F-FDG-PET imaging. The number varies 

from 0-39%, this indicates the need for FNA of lesions detected by 18F-FDG-PET CT. Neck 

US has a higher sensitivity for detection of small metastatic lymph nodes, while 18F-FDG-

PET CT is more sensitive for the retropharyngeal and retro-clavicular areas (55). 

CT and MRI 
Diagnostic CT and/or MRI are mainly used when widely distributed recurrent nodal disease 

is present, or metastatic disease is suspected.  It can complement neck US for the detection 

of macrometastases in het central compartment, mediastinum and area behind the trachea. 
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It is the most sensitive tool for detection of micrometasases in the lungs. It is useful for 

pre-operative work-up prior to revision surgery and can complement 18F-FDG-PET CT and/

or radioiodine imaging to evaluate the extent of locally recurrent invasive disease and the 

relationship with vessels. 

MRI is superior in delineating lesions from the aerodigestive tract and is often used as a 

second-line imaging technique (56).  

In conclusion, DxWBS should not be used as routine diagnostic work-up in the follow-up 

of low- or high-risk patients. It should be preserved as a first line imaging procedure for 

patients who have clinical or biochemical suspicion of recurrence/persistence after initial 

treatment. When the DxWBS is negative, other imaging procedures, such as SPECT-CT, 
18F-FDG-PET CT or CT may be considered in order to possibly find an anatomic substrate.  

Prognostic factors in patients with lymph node metastases  
In Chapter 6 we have focused on the number and location of lymph node metastases and 

found that the location of lymph nodes metastases was of prognostic significance. We did 

not find a statistically significant prognostic effect of the number of lymph nodes.  These 

findings are in concordance with the AJCC TNM classification that differentiates patients 

based on the location of nodal metastases (central versus lateral compartment).  

Clinically apparent nodal disease (cN1), is associated with higher rates of persistent disease, 

higher recurrence rates and shorter disease-free survival, but contradicting results exist 

when looking at the number and location of nodal metastases. 

The most recent ATA guidelines, published in 2015 (28), claim that a higher number of 

lymph node metastases and extranodal growth are related to a higher recurrence rate, 

based on the work by Leboulleux et al. (57) They were one of the first who studied whether 

the number of involved lymph nodes was prognostic. A cohort of 148 patients were studied, 

all treated with total thyroidectomy, central neck dissection, ipsilateral dissection of level 

III/IV and radioiodine remnant ablation. A large number of lymph node metastases (>10) 

was associated with a higher rate of residual disease. However, the number of lymph 

nodes was not statistically significant related to recurrence rate in a multivariate analysis. 

The results of this study do not support the conclusion that the number of lymph nodes is 

related to a higher recurrence rate.  Extranodal extension in more than three lymph nodes 

was the only factor associated with a higher recurrence rate. There was no prognostic 

significant difference between patients with lymph node metastases in the central or lateral 

compartment.  Although this study is frequently cited, not only by the ATA task force, the 

proposed relationship between number of affected nodes and recurrence has not been 

demonstrated in multivariate analysis (58).  

The only studies showing a statistically significant effect of the number of nodal metastases 

on recurrence and disease-free survival are several Asian studies. In a study by Ito et al.  

(59), disease-free survival was only reduced in patients with metastases in the lateral 

compartment (N1b) if lymph nodes were larger than 3 cm, if extranodal growth was found, 

or if more than 5 clinically apparent lymph nodes were present. In multivariate analyses, 

an effect on cause-specific survival was found in patients with large metastases > 3cm 
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and extranodal extension. Subgroup analyses differentiating patients based on age revealed 

that for patients older than 55 years size was statistically significant influencing disease-

free survival, while for younger patients (<55) more than 5 metastatic nodes in the lateral 

compartment was an individual prognostic factor for disease-free survival. Similarly, Sugitani 

et al. (60) demonstrated that the risk of recurrence was significantly higher in patients with 

more than 5 nodal metastases (19 vs 5%), this was independent of age and location. 

Disease-free survival in patients with more than 5 lymph nodes in the lateral compartment 

was associated with significantly worse disease-free survival. These findings are supported 

by the recent study of Wei et al. (61). 

In conclusion, size, nodal metastases in the lateral compartment and extranodal growth 

are frequently described as prognostic factors for disease recurrence (57-59, 62). The 

studies reporting lymph node number as an independent prognostic factor have been 

performed in Asia.  Whether the results of the Asian studies are applicable to the Western 

population is questionable. Treatment protocols differ; lymph node dissection is performed 

more frequently and aggressively, while ablation therapy is barely used in Asia. Our study 

has shown no prognostic difference for patients with more than 5 lymph nodes. 

There is little evidence available from European or American studies regarding the number 

of lymph nodes as a prognostic factor for recurrence. In our opinion, there is no convincing 

evidence indicating that the number of lymph nodes has a significant influence on disease-

free survival or recurrence rate in patients treated with (near)total thyroidectomy and 

radioiodine remnant ablation. More research in a large cohort of patients is needed. 

Lack of prospective studies and randomized controlled trials
Limitations of our studies include their retrospective nature.  This is a well-known problem 

for research concerning DTC patients. The good prognosis and low disease-related mortality 

in DTC patients, as well as the possibility of recurrent disease many years after initial 

diagnosis, makes it difficult to perform good quality randomized or prospective research. 

Follow-up of these patients has to be sufficiently long (decades) in order to obtain reliable 

results and large numbers of patients have to be included. When reliable results are finally 

available it is quite possible that therapeutic or diagnostic strategy have changed in the 

meantime. The retrospective nature of research in these patients seems to be inevitable, 

however, quality of the research might be optimized by analyzing large numbers of patients. 

To enlarge patient numbers, national and/or international collaborative efforts would have 

to be sought for future studies. Fortunately, our group has been involved in several such 

endeavors. 
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FUTURE  PERSPECT IVES  ON  OPT IM IZ ING  CARE  FOR  DTC  PAT I ENTS 

Treatment
While previous guidelines have advised total thyroidectomy as initial treatment for DTC 

patients, the most recent guideline states that in properly selected low- to intermediate 

risk patients (unifocal tumors <4cm, no extrathyroidal extension, no lymph node metastases) 

initial surgery has little impact on disease-specific survival (63-67). Some of these studies 

have demonstrated a lower risk of loco-regional disease recurrence following thyroidectomy. 

This is not surprising considering the fact that papillary thyroid cancer is often multifocal. 

However, with proper patient selection, recurrence rates of less than 4% and completion 

thyroidectomy rates of less than 10% can be achieved. The recurrences that occur during 

follow-up are readily detected and treated without impact on survival (67, 68).

Therefore, for tumors between 1-4 cm either a (near)total thyroidectomy or a lobectomy 

may be chosen as initial treatment. Recurrence rate is lower in patients treated with total 

thyroidectomy, but salvage therapy seems to be quite effective in the few patients with 

recurrence after lobectomy. Because of the more selective use of radioiodine and a 

greater reliance on neck US during follow-up thyroidectomy does not have to be 

performed only to facilitate remnant ablation and follow-up. Patient specific criteria for 

recommending a bilateral procedure followed by radioiodine ablation in low risk patients 

are age >45 years, contralateral thyroid nodules, a history of head and neck irradiation 

and familial DTC. 

A conservative approach is suggested for patients with papillary microcarcinomas of the 

thyroid by Ito and Sugitani et al. (69,70). These studies from Japan propose active 

surveillance rather than primary operation for properly selected low risk patients with 

papillary microcarcinomas. Results originate from studies that have been performed in two 

large centers in Japan and outcomes are similar.

Patients with papillary thyroid carcinoma with low risk features (no clinically evident 

metastases, local invasion or cytologic evidence of aggressive disease) were observed 

with an average follow-up of 74 months. Three-hundred-forty patients were actively 

followed; 6% of the patients showed tumor enlargement on US at 5-year follow-up and 

16 % at 10-year follow-up. 1% and 3% showed lymph node enlargement after 5 and 10 

years respectively. Ultimately 109 patients underwent surgery and none of these patients 

developed a recurrence after delayed surgery. The study by Sugitani et al. (70) confirms 

that delayed surgery does not affect outcome. Their study results were even more 

favorable. Three-hundred low risk patients were followed with active surveillance. They 

found that 7% of the tumors had increased in size, 90% was unchanged and 3% had 

decreased. No patients developed extrathyroidal invasion or distant metastases during 

follow-up. Three patients (1%) who developed lymph node metastases and 9 patients (4%) 

in whom tumor size increased eventually underwent surgery after 1-12 years of follow-up. 

The conservative approach for patients with low risk DTC and papillary thyroid 

microcarcinomas has some advantages. With remaining lobe(s) present, patients may not 

need lifelong exogenous thyroid hormone replacement therapy. It might also be a favorable 
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approach for patients with comorbid conditions that are at high surgical risk; patients with 

an expected short remaining life span or patients with conditions that need to be addressed 

prior to surgery. 

Up to date there are no clinical features or molecular markers that can reliably identify 

patients with papillary microcarcinomas at risk of developing recurrent disease or disease 

progression. Even well-known cancer oncogenes (BRAF) are not able to identify 

microcarcinomas that will progress and spread outside of the thyroid. 

However, a more conservative approach also poses new dilemmas.  Most research, 

including our own, has focused on patients treated by (near)total thyroidectomy and 

radioiodine remnant ablation.  It is questionable whether biochemical markers or neck 

ultrasound will be useful in reliably detecting disease progression in the follow-up of these 

patients. More research is needed to identify risk factors that favor surgical resection over 

active surveillance. How active surveillance should be performed in order to most accurately 

detect disease progression and what specific indications for surgery should be need to be 

studied. 

Another topic of interest is the timing of radioiodine remnant ablation after surgery. In 

current day practice radioiodine ablation is performed 4-6 weeks after surgery. Primarily 

this was done because patients needed to be withdrawn from levothyroxine prior to 

ablation. However, nowadays radioiodine therapy is given after rh-TSH stimulation. 

Emmanouilidis et al. (71) showed that the use of rh-TSH to stimulate radioiodine uptake 

after thyroidectomy is as efficient as a period of withholding thyroid hormones and showed 

a reduction in sick leave time and shortening of the hospital stay. Fast track radioiodine 

ablation one week after surgery could possibly result in better quality of life, while treatment 

is safe and effective. 

Studies examining quality of life, costs and feasibility are needed. 
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This thesis incorporates different studies regarding the diagnosis, follow-up and prognosis 

of patients with differentiated thyroid cancer. 

Differentiated thyroid cancer (DTC) is the most common type of thyroid cancer, and the 

most common endocrine malignancy. Papillary cancer comprises around 85% of the cases, 

while 12% of the tumors are of follicular origin. DTC has become increasingly prevalent 

over the last decades. Survival rates are excellent, but recurrences occur in 5-20 percent 

of the patients. Recurrences are the main reason for follow-up. 

DIAGNOS IS

Patients usually present with a palpable mass in the neck. Clinical features suggestive for 

malignancy are relative rapid growth, fixation to surrounding tissue, cervical 

lymphadenopathy, hoarseness, inspiratory stridor of dysphagia. 

Diagnostic ultrasound of the thyroid and cervical lymph nodes should be performed in all 

patients with suspected thyroid nodules. 

Fine needle aspiration is the standard tool, and still the cornerstone, for diagnosing cancer. 

Unfortunately, a considerable percentage of FNA specimen are indeterminate and do not 

predict the nature of the thyroid nodule. Chapter two focused on identifying factors 

associated with the adequacy rate of fine needle aspiration cytology.  Fine needle aspirates 

are difficult to interpret and a sufficient number of cells are needed to properly classify the 

cytology of a thyroid nodule in one of the six categories of the Bethesda system.  If an 

insufficient amount of cells is harvested, or bloody aspirates are obtained, specimen is 

classified as non-diagnostic/inadequate for diagnosis. These non-diagnostic aspirates delay 

definitive diagnosis and cause patient anxiety. 

Ultrasound guidance is proposed to reduce the number of inadequate specimen, and 

several studies had shown a beneficial effect on adequacy rates.  

The rate of non-diagnostic FNA specimen was high in our hospital. Ultrasound guidance 

was implemented, but unfortunately, did not improve the results.  Other factors associated 

with better results are on-site assessment of aspirates, operator experience, education, 

vascularization, needle size and number of needle passes.  In order to improve results, 

quality control of diagnostic procedures like FNA, at one’s own institution is essential before 

and after implementing new techniques. 

Treatment for DTC larger than 1 cm consists of a near-total thyroidectomy followed by 

radioactive ablation with I-131 in the Netherlands. The goal of initial therapy for DTC patients 

are to improve overall and disease-specific survival, reduce the risk of persistent and/or 

recurrent disease and permit accurate disease staging and risk stratification.
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FOLLOW-UP

The goal of follow-up is accurate surveillance for recurrent disease. There is a relative 

inability to accurately predict the risk of recurrence from thyroid cancer for the individual 

patient. Thyroglobulin (Tg) is a hormone produced exclusively by thyroid tissue and therefore 

used a tumor marker, especially for patients treated by total thyroidectomy followed by 

remnant ablation. It is the most sensitive method to detect recurrence. However, in the 

presence of thyroglobulin-antibodies (Tg-Ab) (in 20-25% of the patients), the Tg values can 

be falsely lowered of elevated. 

Chapter 3 and 4 are related to these biochemical markers in DTC. 

Chapter 3 focused on the postsurgical (including RAI ablation) follow-up of patients with 

DTC. Patients with undetectable Tg one year after initial treatment had a very low recurrence 

rate.  Recurrence rate was comparable for low- and high-risk patients with an undetectable 

Tg level after one year.  The negative predictive value of undetectable serum Tg one year 

after surgical and postoperative radioactive ablation treatment is very high for both low and 

high-risk patients (NPV 97%). 

With comparable recurrence rate for low- and high-risk patients who’ve had an excellent 

response to therapy, based on the stimulated Tg level one year after treatment, we support 

the idea that response to therapy is a better predictor of recurrence than initial risk staging. 

We argue that a dynamic classification system is more appropriate; using not only tumor 

size and lymph node involvement, but also response to therapy to classify DTC patients. 

The follow-up regime of the patients with an excellent response to therapy could possibly 

be less frequent and rigid. This could result in a better quality of life and lower costs for 

the healthcare system. 

In Chapter 4 the results of our patients with Tg-Ab are described. Some authors have 

proposed to use Tg-Ab as a surrogate tumor marker.  We studied this hypothesis in our 

patient group over a period of twelve years. In our cohort, the risk of recurrence was 

negligible for patients with declining or stable Tg-Ab level in patients with an undectectable 

Tg level. 

Our results do not support the claim that Tg-Ab persistence for more than 3 years is an 

indicator for disease recurrence.  In case of rising Tg-Ab levels, the treating physician should 

actively try to diagnose recurrent disease. In the majority of patients however, no recurrence 

will be detected.

In Chapter 5 additional imaging with a diagnostic radioactive iodine (I-131) whole body 

scan is discussed (DxWBS). This procedure was routinely and regularly performed in all 

DTC patients during follow-up in the last decades.  At the time of our research, DxWBS 

was no longer recommended as a routine diagnostic procedure for low-risk patients.  For 

high-risk patients, the added value of DxWBS was unclear because of limited available 
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research. Our study therefore specifically focused on high risk patients. Results of our 

study showed that the routine performance of a DxWBS, in addition to Tg measurement 

and ultrasound of the neck, had limited diagnostic value. The DxWBS is however, useful 

as a detection tool in patients with biochemical suspicion of recurrence. 

PROGNOS IS

The TNM classification system is used for all patients with DTC. Postoperative staging is 

used to provide prognostic information, which is of value when considering therapeutic 

strategy and surveillance. The TNM system uses a combination of age, size of the tumor, 

tumor histology, and extrathyroidal spread to stratify patients into one of several categories 

with different risks from death from thyroid cancer. It is primarily used to guide initial 

therapeutic interventions.  

In a large number of DTC patients (20-50%) the cervical lymph nodes are involved. The 

role of the number and location of lymph node metastasis is discussed in Chapter 6. In 

the search for prognostic factors influencing recurrence rate and disease-free survival we 

investigated whether the number of lymph node metastasis and/or the location (central vs 

lateral compartment) had prognostic significance. Most research related to the location of 

positive lymph nodes has been done by Ito et al. from Japan. They found that the number 

of lymph nodes in the lateral compartment (>5) had prognostic significance. The difficulty 

of applying these results to European and American guidelines lies in the different treatment 

of DTC patient in Japan. In contradiction to western common practice, total thyroidectomy 

is less frequently performed and the use of radioactive I-131 is very limited in Japan and 

other Asian countries.  

Hence, we investigated whether the number and/ or location of lymph nodes effected 

disease free survival and recurrence rate in patients treated according to western standards 

with (near)total thyroidectomy, lymph node resection followed by radioactive ablation. 

The only factor that significantly influenced recurrence rate and disease-free survival in our 

study was the presence of lymph node metastasis in the lateral compartment. Analysis of 

N1a- and N1b-positive patients did not show a significant correlation between the number 

of lymph nodes or disease recurrence. With this study, we confirmed the adequacy of the 

seventh edition of the AJCC Cancer Staging Manual concerning the subdivision of patients 

based on location of cervical lymph node metastases (N1a vs. N1b). 
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De onderwerpen die in dit proefschrift worden behandeld variëren van het verbeteren van 

de diagnostiek tot het optimaliseren van de follow-up en de identificatie van prognostische 

factoren voor patiënten met een gedifferentieerd schildkliercarcinoom. 

Het goed gedifferentieerde schildkliercarcinoom is de meest voorkomende vorm van 

schildklierkanker (~97%) en de meest voorkomende endocriene maligniteit. Patiënten met 

een papillair schildkliercarcinoom vormen de grootste groep (~85%) gevolgd door patiënten 

met een folliculair schildkliercarcinoom (~12%). Patiënten met een goed gedifferentieerd 

schildkliercarcinoom hebben een uitstekende overlevingskans, echter recidieven treden 

in zo’n 5-20% van de patiënten op.  Detectie van deze recidieven is dan ook een van de 

belangrijkste doelen tijdens de follow-up. 

DIAGNOSE

Patiënten presenteren zich meestal met een palpabele massa in de hals. Kenmerken die 

suggestief zijn voor een maligniteit zijn: relatief snelle groei, fixatie aan het omliggende 

weefsel, lymfadenopathie van de halsklieren, heesheid, inspiratoire stridor en dysfagie. 

Alle patiënten met een zwelling in de schildklier moeten geëvalueerd worden middels een 

echografie van de schildklier en de lymfeklieren in de hals. De gouden standaard voor het 

stellen van de diagnose is het dunne naald biopt. Cytologisch materiaal van de schildklier 

is moeilijk te interpreteren en er moeten voldoende cellen zijn geaspireerd om het materiaal 

in te delen in een van de zes categorieën van de Bethesda classificatie, die de verschillende 

typen cellen indeelt op basis van de kans op een maligniteit. 

Het belangrijkste nadeel van het dunne naald biopt is, dat een aanzienlijk percentage van 

de preparaten een onvoldoende hoeveelheid kwalitatief goede cellen bevat om een 

uitspraak te doen over de aard van de schildkliernodus. Deze preparaten worden niet-

diagnostisch of inadequaat genoemd.  Deze niet-diagnostische preparaten vertragen het 

stellen van een definitieve diagnose en kunnen leiden tot onrust bij de patiënt. In hoofdstuk 
2 hebben we ons gericht op het beoordelen van de kwaliteit van het dunne naald biopt en 

de identificatie van factoren die hierbij een rol kunnen spelen. 

Het percentage niet-diagnostische preparaten in ons ziekenhuis bleek erg hoog te liggen. 

Omdat er verschillende studies waren die een gunstig effect van echogeleide aspiratie 

lieten zien in het verminderen van het aantal niet-diagnostische preparaten, werd deze 

methode ingevoerd. De resultaten bleken in ons ziekenhuis echter niet te verbeteren na 

de invoering van de echogeleide puncties. Andere factoren die geassocieerd zijn met een 

betere kwaliteit zijn directe cytologische beoordeling tijdens de punctie, ervaring van de 

specialist die de punctie uitvoert, vascularisatie van de afwijking, dikte van de naald en het 
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aantal aspiratiepogingen per keer.  Om de kwaliteit van de diagnostische procedure te 

verbeteren, is kwaliteitscontrole van de procedure, voor en na de implementatie van een 

nieuwe techniek of verandering van het protocol essentieel. 

De behandeling van het schildkliercarcinoom (>1 cm) bestaat uit een totale resectie van 

de schildklier (totale thyroidectomie), gevolgd door ablatie met radioactief jodium. Het doel 

van de behandeling is het verbeteren van de overleving, de kans op blijvende ziekte of een 

recidief verminderen, en de follow-up te vergemakkelijken. Een ander doel is de identificatie 

van laag- en hoog-risico patiënten.

FOLLOW-UP

Het doel van de follow-up van patiënten met een goed gedifferentieerd schildkliercarcinoom 

is de detectie van recidieven. Hierbij is het belangrijk om recidieven vroegtijdig op te sporen 

om ze snel te kunnen behandelen. Echter, het is ook belangrijk om zorgvuldig om te gaan 

met aanvullend onderzoek en dit pas te initiëren als patiënten een reëel kans hebben op 

een recidief. 

Thyreoglobuline (Tg) is een hormoon wat uitsluitend door de schildklier wordt geproduceerd 

en wordt daarom gebruikt als tumormarker voor patiënten die behandeld zijn met een totale 

thyroidectomie, gevolgd door ablatie van het resterende weefsel met radioactief jodium. 

Het is de meest sensitieve methode om een recidief te diagnosticeren. Er zijn echter ook 

patiënten (20-25% van de patiënten met een goed gedifferentieerd schildkliercarcinoom) 

die antistoffen maken tegen Tg; thyreoglobuline-antistoffen (Tg-Ab). De aanwezigheid van 

deze antistoffen beïnvloeden de testen die de Tg concentratie meten. Wanneer er Tg-Ab 

in het bloed aanwezig zijn is de waarde van Tg niet betrouwbaar vast te stellen. De Tg 

waarde kan foutief verlaagd of verhoogd zijn, afhankelijk van welke meetmethode wordt 

gebruikt. Voor deze patiënten kan Tg derhalve niet als tumormarker worden gebruikt. 

Hoofdstuk 3 en 4 richten zich op deze biochemische markers. 

In hoofdstuk 3 bestuderen we de Tg waardes van patiënten die behandeld zijn met een 

operatie (totale thyroidectomie) en ablatie met radioactief jodium. Patiënten met een niet-

detecteerbare concentratie van Tg, een jaar na de initiële behandeling, bleken een zeer 

lage kans op een recidief te hebben. Dit gold ook voor de patiënten die geclassificeerd 

waren als hoog-risico. De negatief voorspellende waarde van een negatief Tg, 1 jaar na de 

primaire behandeling, was 97% voor zowel laag- als hoog-risico patiënten. 

De lage waarde van het Tg na een jaar weerspiegelt de respons op de therapie. Patiënten 

met een onmeetbaar lage concentratie hebben een goede respons op de therapie gehad. 

Met dit onderzoek hebben we laten zien dat de respons op therapie een betrouwbaardere 

voorspeller is van een recidief is dan de initiële risico classificatie.  We vinden dat de risico 

classificatie een dynamisch proces hoort te zijn, waarbij ook de respons op de therapie 
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meegenomen dient te worden. Het follow-up regime van patiënten met een uitstekende 

respons op de therapie, ook als deze primair als hoog-risico patiënt is geclassificeerd, zou 

minder strict kunnen zijn. Dit zou tot een verbetering van de kwaliteit van leven voor de 

patiënt, en lagere kosten voor het zorgstelsel kunnen leiden. 

Hoofdstuk 4 beschrijft de resultaten van het onderzoek van de patiënten met Tg-Ab. 

Sommige studies laten zien dat de Tg-Ab waarden als, een minder nauwkeurige, 

tumormarker gebruikt kunnen worden. Het nadeel van de gepubliceerde studies is dat zij 

niet duidelijk aangeven wanneer zij vinden dat er een stijgende of een dalende trend van 

Tg-Ab bestaat. In onze studie hanteerden we daarom duidelijke definities van een stijgende 

en dalende trend. In onze onderzoekspopulatie werden geen recidieven gediagnosticeerd 

bij patiënten met een stabiele of dalende Tg-Ab concentratie. Ook voor patiënten waarbij 

langdurig Tg-Ab werden aangetoond was er geen verhoogde kans op een recidief. Alleen 

bij een klein percentage van de patiënten met een stijgende Tg-Ab trend werd een recidief 

gevonden. Ons advies naar aanleiding van de studie is derhalve om, in het geval van een 

stijgende Tg-Ab trend, aanvullend onderzoek te verrichten op zoek naar een mogelijk 

recidief. Het is echter goed om te beseffen dat in het merendeel van de patiënten geen 

recidief zal worden aangetoond. 

Hoofdstuk 5 gaat over de toepassing van de diagnostische ‘whole-body’ scintigrafie in de 

follow-up van patiënten met een gedifferentieerd schildkliercarcinoom. Dit is een onderzoek 

waarbij patiënten radioactief jodium krijgen toegediend waarna een opname van het lichaam 

wordt gemaakt waarbij de weefsels die het jodium hebben opgenomen zichtbaar kunnen 

worden gemaakt. Omdat schildkliercellen jodium opnemen is het mogelijk om eventueel 

aanwezige schildkliercellen in beeld te brengen. Dit onderzoek was jaren standaard 

onderdeel van de follow-up van patiënten met een schildkliercarcinoom en werd om het 

jaar verricht. Met de toegenomen gevoeligheid van de Tg bepaling, was het de vraag of 

zo’n diagnostisch scintigrafie nog wel een toegevoegde waarde had in de follow-up van 

alle patiënten. Er waren al studies gepubliceerd die een beperkte toegevoegde waarde 

van de diagnostische scan voor laag-risico patiënten liet zien. Maar, naar de toepassing bij 

hoog-risico patiënten was nog weinig onderzoek gedaan. Derhalve richtte ons onderzoek 

zich specifiek op de toegevoegde waarde van de diagnostische scan in de follow-up van 

hoog-risico patiënten. Onze resultaten lieten zien dat het standaard verrichten van een 

diagnostische scan bij hoog-risico patiënten van zeer beperkte aanvullende waarde is. De 

diagnostische scintigrafie zou gereserveerd moeten worden voor patiënten met een 

klinische of biochemische verdenking op een recidief. 
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PROGNOSE

De TNM-classificatie wordt gebruikt voor alle patiënten met een gedifferentieerd 

schildkliercarcinoom. 

Postoperatieve stadiering wordt onder andere gebruikt om de therapeutische en follow-up 

strategie te bepalen. Tumorgrootte en tumoruitbreiding, de aanwezigheid van uitzaaiingen 

in de lymfeklieren, metastasen op afstand en de leeftijd van de patiënt zijn factoren die 

gebruikt worden om patiënten in te verschillende risicocategorieën die elk een andere kans 

op overlijden reflecteren.   

In een groot percentage van de patiënten met een gedifferentieerd schildkliercarcinoom 

(~20-50%) zijn de cervicale lymfeklieren aangedaan. De aanwezigheid van 

lymfekliermetastasen bij patiënten met een gedifferentieerd schildkliercarcinoom is een 

onafhankelijke voorspeller voor het optreden van een recidief. 

Hoofdstuk 6 heeft betrekking op het aantal en de locatie van de halskliermetastasen. 

Er zijn studies die laten zien dat de locatie van de lymfekliermetastasen (centraal versus 

lateraal) en het aantal lymfekliermetastasen (>5) van prognostisch belang is. Echter, deze 

studies zijn voornamelijk uitgevoerd in Japan. Omdat in Japan de behandeling van het 

schildkliercarcinoom wezenlijk anders is (minder operaties, nauwelijks gebruik van ablatie 

met radioactief jodium) wilden wij kijken of de resultaten van deze studies ook toepasbaar 

zijn op de patienten die behandeld worden volgens de Westerse inzichten. Met onze studie 

hebben we gekeken of het aantal positieve halsklieren een effect heeft op de ziektevrije 

overleving en de kans op een recidief voor patiënten behandeld met een totale 

thyroidectomie en postoperatieve ablatie met radioactief jodium. 

De enige factor die een significant effect had op de ziektevrije overleving en de kans op 

recidief was de aanwezigheid van lymfekliermetastasen in het laterale compartiment van 

de hals. Er werd geen significant verband gevonden tussen het aantal lymfeklieren en de 

kans op recidief. Onze resultaten zijn in overeenstemming met de TNM-classificatie, die 

onderscheid maakt tussen patiënten met lymfeklier metastasen in het centrale (N1a) of 

laterale (N1b) compartiment, maar het aantal lymfeklieren niet meeneemt als prognostische 

factor. 
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Sijbrigje Grietje Anna (Siegrid) de Meer was born in Hilversum, The Netherlands, on the 

8th of March 1985, as the second daughter of Dirk and Jane-lies de Meer. She graduated 

with honors from high school in 2003 (VWO+, Erfgooierscollege, Huizen). After high school, 

she entered medical school at the University of Utrecht. In 2004, she obtained her 

‘propadeuse’ with honors. During her studies, Siegrid did an extracurricular elective at the 

University Teaching Hospital in Lusaka, Zambia, at the department of Infectious diseases. 

During her study, she participated in a research project at the department of Surgery under 

supervision of Prof. dr. M.R. Vriens and Prof. dr. I.H.M. Borel Rinkes and completed an 

elective clinical rotation at the department of Surgical Oncology under the supervision of 

Prof. dr. I.H.M. Borel Rinkes. 

She worked at the Anatomy department as a student teacher. 

After obtaining her medical degree in 2009, Siegrid started working at the department of 

Surgery at the University Medical Center Utrecht as a tutor of medical interns, also 

participating as a teacher in the medical curriculum at the University of Utrecht. At that 

time, she got the opportunity to start as a PhD-student (under supervision of Prof. Dr. M.R. 

Vriens, Prof. dr. I.H.M. Borel Rinkes and Dr. B. de Keizer) which eventually resulted in this 

thesis. 

In 2011, she started working as a surgical resident (ANIOS) at the Diakonessen hospital in 

Utrecht under supervision of dr. G.J. Clevers. 

In January 2012, she started her clinical training at the department of Surgery at the Twee 

Steden Hospital in Tilburg (dr. M.S. Ibelings) and the Elisabeth Hospital in Tilburg (Dr. 

P.W.H.E. Vriens), nowadays fused as the ETZ Hospital. 

She started her Traumasurgery training at the Diakonessen Hospital in Utrecht (Dr. T. Van 

Dalen and Dr. E.J. Verleisdonk), and the University Medical Center Utrecht (Prof. Dr. M.R. 

Vriens, Prof. Dr. L.P.H. Leenen). She is currently completing her training at the Meander 

Medical Center (Dr. E.C.J. Consten, Dr. T.K. Timmers) and will finish her training in 

December 2018. 

Siegrid lives with Pim and their son, Ben, in Zeist. 
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DANKWOORD

Er zijn velen die ik wil bedanken voor hun bijdrage aan dit proefschrift, hun interesse en 

betrokkenheid ten aanzien van het onderzoek en degenen die hebben bijgedragen aan de 

hoognodige ‘ joie de vivre’  tijdens het schrijven ervan. 

Prof. M.R. Vriens, beste Menno,

Vanaf het eerste moment dat ik je ontmoette op het operatiecomplex in het WKZ, ik co-

assistent, jij opleidingsassistent, was ik blij verrast door jouw enthousiasme. Door deze 

eerste ontmoeting ben ik uiteindelijk bij je terecht gekomen toen ik onderzoek wilde gaan 

doen. Je positieve energie en talent om te ‘socializen’ zijn benijdenswaardig.  Dank voor 

het steuntje in de rug als ik het nodig had en voor je immer stimulerende woorden. Mooi 

om onder jou als opleider, in opleiding te zijn in Utrecht en schitterend dat jij een van mijn 

promotoren bent! 

Prof. I.H.M. Borel Rinkes, beste Inne, 

Jouw vermogen om de grote lijnen in de gaten te houden, zonder dat dit ten koste gaat 

van de details is uitzonderlijk. Altijd heb je oog voor de relevantie en haalbaarheid van 

studies. Je kennis is altijd up to date, je commentaar ‘spot on’. Jij tilt alles naar een hoger 

plan.  Je bent toegewijd, niet alleen ten aanzien van de promovendi waar je mee werkt, 

maar ook in de kliniek en met de begeleiding van arts-assistenten. Je bent ook nog sportief 

en op (bijna) elke borrel van de partij. Benijdenswaardig... Dank voor het voorbeeld dat je 

geeft. 

Dr. B. de Keizer, beste Bart, 

Je was altijd razendsnel met het redigeren van stukken. Niet alleen betrokken bij het 

onderzoek, maar ook altijd geïnteresseerd in hoe het met me ging. De samenwerking met 

jou heeft altijd als heel natuurlijk gevoeld. Dank! 

Geachte leden van de beoordelingscommissie, veel dank voor jullie kritische blik op het 

manuscript. 

Dr. Sie-Go, Dr. Stapper, Dr. Zelissen, Dr. Schreinemakers, Dr. Valk, Dr. Stokkel, dank voor 

jullie bijdrage aan dit proefschrift. 

Jakob, het is heel fijn samenwerken met je! 

Dr. J. de Klerk, beste John, jouw enthousiasme heeft altijd heel aanstekelijk gewerkt. Dank 

voor het immer warme welkom tijdens de IKMN meetings. 

Wessel Vorselaars, je kwam als geroepen. Bedankt voor je snelle, grondige werk! Heel 

veel succes met het afronden van je eigen promotie en met je werk in het UMC. 
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Meenakshi Dauwan, zelden ben ik zo onder de indruk geweest van een 3e-jaars 

geneeskunde studente, heel veel succes met je verdere carrière bij de neurochirurgie/

neurologie. 

Beste Mariëlle en Romy, Ingrid en Gioya, jullie zijn onbetaalbaar. Dank voor alle reminders, 

tips and tricks, het maken van afspraken, jullie interesse en de gezelligheid bij de koffie.  

Prof. L.H.P. Leenen, beste Loek,

Wat een eer dat jij in de beoordelingscommissie hebt plaatsgenomen. Op de International 

Surgical Week in  Yokohoma zat je op de achterste rij te luisteren naar mijn praatje over 

schildklierkanker terwijl er eigenlijk een prachtige traumasessie bezig was. Dat heb ik enorm 

gewaardeerd. Dank voor je oprechte interesse, voor je begeleiding en voor het 

indrukwekkende voorbeeld dat je bent voor eenieder die ook maar enige interesse in de 

traumachirurgie heeft. 

Beste stafleden, arts-assistenten, verpleegkundigen, gipsverbandmeesters en poli-

assistenten uit het ETZ, 

Wat een prachtige start van de opleiding heb ik bij jullie gehad. Ik moet bekennen dat ik 

eerst even van de schrik moest bekomen van het uurtje reistijd van Utrecht naar Tilburg en 

weer terug, maar het was een warme ontvangst. Ik heb veel van jullie geleerd. Het Tilburgse 

dialect zal ik, ook al klinkt het verschrikkelijk, altijd een warm hart toedragen. Dank voor de 

introductie van de Efteling, worstenbroodjes, de frietjes in de nachtdienst en roze maandag. 

Lieve David, dank, jij was er altijd voor me. Toen ik het nodig had, gaf je me al je vertrouwen. 

Het foute uur op de donderdagochtend tijdens de lap hemi’s was legendarisch. 

‘Een student gaat pas slapen als alle sterren zijn geteld’ …dat liedje zal nooit meer hetzelfde 

zijn.  

En…je had me bijna om.

Beste stafleden, arts-assistenten, verpleegkundigen, gipsverbandmeesters en poli-dames 

uit het Diakonessenhuis, 

De liefde voor de chirurgie werd vanaf de eerste dag als ANIOS weer aangewakkerd bij 

jullie. Wat zijn jullie een mooie groep met mensen en wat hebben jullie een hechte, integere 

maatschap. Prachtige tijden op, maar vooral ook na het werk. Niet te evenaren skireizen.  

Vijf jaar later mocht ik terugkomen als traumadifferentiant, een plek die jullie al die tijd warm 

voor me hebben gehouden. Lieve mannen van de Trauma, de sfeer was altijd goed! Ik heb 

me altijd erg welkom en onderdeel van het traumateam gevoeld! Beste Geert-Jan, wat 

ben je een begenadigd chirurg en mooi mens. Beste Egbert-Jan, als een wervelwind ga 

je door t Diak en je hebt ook nog tijd en energie voor zoveel mooie dingen ernaast. 

Onvermoeibaar ben je!  Murat, je bent niet normaal. Zo handig als jij word ik helaas nooit.  

Lieve Ine, je bent de koningin van het Diak! Dies, we gaan echt weer afspreken! Lieve 

collega’s: het was prachtig! Van dagelijkse beslommeringen, tot vrimibo’s en festivalletjes, 

ik heb genoten. 
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Beste stafleden en arts-assistenten uit het UMC Utrecht, 

Dank voor de leerzame tijd. Lieve collega’s, dank voor de goede gesprekken, het luisterende 

oor, de koffietjes, jullie humor, jullie ambitie. Aanstekelijk. Ik heb van jullie genoten, het ga 

jullie goed.  

Beste stafleden van de Traumachirurgie, bedankt voor jullie betrokkenheid, samenwerking 

en ondersteuning tijdens mijn tijd bij jullie. 

Beste stafleden en arts-assistenten uit het Meander, 

Leuk om nog een jaar met jullie te mogen werken! Wat werken jullie hard en wat hangt er 

een goede sfeer. Tim Timmers, chirursjie, ooit mocht ik als co-assistent onder jouw begeleiding 

een thoraxdrain inbrengen en kijk wat een mooie operaties we nu samen aan het doen zijn! 

Jij hebt een aangeboren talent voor de traumachirurgie en man, wat ben je handig! I envy 

you. Ger en Bert, dank voor jullie hartelijkheid en inspanningen om mij op te leiden. 

Paul, fijn om straks weer met jou in het Meander te werken. 

Lieve vrienden en familie, dank voor jullie interesse, de goede gesprekken, de bezoekjes 

aan het terras en alle activiteiten die niet met het werk te maken hadden. Daardoor kon 

het leuk blijven. 

Lieve eikels en semi-eikels, we hebben mazzel met jullie. 

Dames uit het Utrechtse geneeskunde circuit, Soof, Sas, Willemijn, Claire en Joyce: ik 

mocht als introducee bij jullie clubje aanhaken.  Dank voor de gezellige avonden die we 

hebben gehad. Iedereen heeft inmiddels in een andere hoek van Nederland (en de wereld) 

een leven opgebouwd, mooi dat we eens in de zoveel tijd samen komen om bij te kletsen! 

Lieve Marjolein, wat fijn dat we samen in Tilburg konden werken. Ik heb je leren kennen 

als een heel betrokken en lief mens. Dank voor het doorlezen van het manuscript, je 

aanvullingen en suggesties. 

Albert Pull ter Gunne, nog een traumafanaat. Jij hebt zo’n passie voor je vak, een enorm 

werkethos en volgens Irene ben je ook nog een leuke vader en echtgenoot! Knap hoe jullie 

alle ballen in de lucht weten te houden. Ik koester onze vriendschap. 

Lieve Kim, het was (en is) genieten met jou. 1+1=3 in ons geval.  Ik hoop van harte dat 

‘duo penotti’ ooit herenigd zal worden en wij weer mogen samenwerken. Zowel op het 

professionele als persoonlijke vlak ben je een absolute kanjer en ik ben dolblij dat wij elkaar 

hebben ontmoet. 

Lieve Eline Reinders Folmer, vanuit Tilburg nu ook in het Utrechtse! Je voelt als familie. 

Wat zijn we goed bezig met het sporten! 
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Lieve Heidi en Marianne,  

Tijdens het keuzevak ‘de hand’ is onze vriendschap ontstaan.  Heidi, co-schappen lopen in 

Zambia was niet hetzelfde geweest zonder jou. Jij durft alles. Door jou durfde ik meer… 

We komen jullie graag een keer opzoeken in Noorwegen! 

Marianne, ik ken weinig mensen die alles onthouden wat je ze vertelt, nooit een verjaardag 

vergeten (en dan ook nog op tijd een kaart sturen), altijd geïnteresseerd zijn, en op 1 dag 

verschillende afspraken hebben zonder dat het lijkt alsof ze gehaast zijn. You’ve got it en 

ik prijs me gelukkig met je. 

Lieve Non, we zijn al bevriend sinds het 3e jaars co-schap chirurgie. Voor mijn 

sollicitatiegesprek voor de opleiding stelde je voor om nog even samen te lunchen en kreeg 

ik nog een laatste peptalk van je. Dat ben jij ten voeten uit! Als we elkaar zien is het altijd 

feest. 

Lieve Manon Braat, ik moet altijd zo lachen om jouw droge gevoel voor humor. Je bent 

steengoed in wat je doet! Laten we onze dinertjes erin houden! 

Lieve Bert, samen op vakantie naar Frankrijk en Italië. Wat hebben we een avonturen 

beleefd! Met jou kom ik vaak tot de kern van dingen. Het was een eer dat ik getuige mocht 

zijn op je huwelijk met Jaap en fantastisch om te zien hoe jullie je gezin langzaam aan het 

uitbreiden zijn. Sam en Mees, tot snel! Saar, welkom op deze wereld! 

Lieve Bart de Heij, onze vriendschap ontstond boven de dampende geuren van 

formaldehyde. We hebben schitterende reisjes gemaakt naar Londen, Rome en Porto (wat 

is er met deze traditie gebeurd?). Ook al spreken we elkaar veel te weinig, als we elkaar 

zien is het altijd goed. 

Lieve Bart en Renske, ik ken weinig mensen die zoveel ellende hebben meegemaakt de 

afgelopen tijd. Maar jullie zijn een steengoed team en gelukkig waren er ook veel 

hoogtepunten (promotie, huwelijk)! Ik ben zeer dankbaar voor jullie vriendschap. Het 3e 

kerstdagdiner is een zeer gewaardeerde traditie! 

Lieve Renéee, als je vanaf de middelbare school bevriend bent, maak je natuurlijk nogal 

wat met elkaar mee. Je ging me ruimschoots voor met promoveren, dank voor het goede 

voorbeeld. New York was een ander hoogtepunt! Ik hoop nog heel lang te mogen 

meegenieten van jou en je mannen! 

Lieve Elmer, ‘Krullie’, toen ik jou voor het eerst ontmoette zat je met kaarsrechte rug een 

bovenarm te ontleden. Op een of andere manier zijn we aan de praat geraakt en nooit meer 

gestopt. Elke keer als ik weer eens ging verhuizen was je erbij. Ik denk dat je dezelfde 

brakke IKEA kast wel 3x hebt afgebroken en opnieuw opgebouwd. Als je bedenkt wat een 

oneindige hoeveelheid spullen ik heb, moet je wel een echte vriend zijn als je ook de 4e 
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keer weer komt opdraven. Jou OCD-achtige discipline en organisatie zijn natuurlijk het 

tegenovergestelde van wat ik ben, maar dat werkt voor ons. Met jou kan ik alles bespreken, 

je bent altijd eerlijk en je bent er gewoon altijd als het nodig is. Ik vind het zo mooi dat je 

je plekje als kaakchirurg in den Haag te pakken hebt. Enorm verdiend. Ik ben dol op je. 

Mijn lieve paranimfen, 

Lieve Leo, ik vind het zo bijzonder dat jij naast me zal staan. We go way back! In groep 8 

moesten we ‘verplicht’ vriendinnen worden, want we kwamen in dezelfde klas terecht op 

‘de middelbare’.  We werden onafscheidelijk. Ik mocht met jullie mee op vakantie naar 

Portugal, we gingen samen volleyballen, allebei wilden we geneeskunde gaan studeren. 

Toen we in Utrecht werden ingeloot was het feest compleet! Helaas bleek er een fout te 

zijn gemaakt en werd je in Groningen (na)geplaatst. Je reisde halsoverkop af naar t hoge 

noorden om de introweek nog mee te doen, binnen een week had je een kamer geregeld 

en binnen no time je draai gevonden. Jij kan dat. Gelukkig ben je alweer een tijdje terug in 

de regio! Het maakt niet uit of we elkaar weinig of veel spreken, het voelt altijd alsof de 

laatste keer pasgeleden was.  Ik kan volledig mezelf zijn bij je.  Ik ben heel erg trots op jou 

laiverd! 

Mich, wat fijn dat je zo goed voor Le zorgt. Heerlijk om je erbij te hebben. Mare, je bent 

een schatje!  

Lieve Bar, pas in jaar 5 van de opleiding kwamen we elkaar tegen! Hoe kunnen we elkaar 

daarvoor zijn misgelopen? We zijn een ‘match made in heaven’! Ik kan de geweldige 

momenten met jou niet allemaal opnoemen, het zijn er teveel. Onze vele vakanties naar 

tropische oorden, cocktails bij ‘Zussen’, dansen op de gang op de Oudenoord mét perfect 

gestyled haar, onze zeer frequente dansjes in de Filemon, samen ‘hardlopen’, als 2 kleine 

kinderen zitten te grienen omdat we soms gewoon zo blij met elkaar zijn, samenwonen 

aan de Rijnlaan en dan aan het einde van de dag, heel ontspannen met de beentjes omhoog 

op het balkon, de zon zien ondergaan, glaasje wijn erbij… Jeetje, dat mis ik soms.  Je bent 

op de best mogelijke manier gestoord en ik moet zo vaak om jou lachen. Dit is voor altijd! 

Lieve Koen, dank dat je Barrie zo gelukkig maakt. Good to have you with us. 

Lieve Piet, wat is het leuk om jou als schoonvader te hebben!  

Lieve Janet, fijn dat ik je nog heb leren kennen. We missen je. 

Lieve Nien, jouw humor is geweldig. Dank dat je het altijd voor me opneemt als Pim me 

weer eens plaagt! 

Lieve Elise, je zal altijd mijn grote zus zijn, jammer dat ik je maar zo kort heb gekend. 

Lieve Oeds, 

Als je bedenkt wat een ruzie wij hebben gemaakt toen we klein waren, is het bijzonder dat 

het allemaal zo goed is gekomen (gelukkig heeft de jeugd van tegenwoordig beschikking 

over een vaatwasser, en hoeft de computer niet gedeeld te worden). Broertje, je hebt me 
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meer dan eens aangehoord, geluisterd, geanalyseerd wat het probleem was en me voorzien 

van waardevol advies. Ik waardeer je luisterende oor, je liefdevolle hart, je humor en je 

sportiviteit enorm. Je bent een prachtvent en een prachtvader. 

Lieve Annemarieke, wat ben je een aanwinst voor onze familie. Ik wou dat ik zo 

georganiseerd was als jij. 

Lieve Lize en Yfke, ik ben dol op jullie en heel erg trots! 

Lieve Willem, 

Jij bent allang niet meer het kleine broertje.  Je gevoel voor humor was er al op zeer jonge 

leeftijd, gelukkig is de timing beter geworden.  Wat ben ik dankbaar dat ik je heb mogen 

zien opgroeien tot een gebalanceerd, geïnteresseerd, muzikaal, betrokken en warm mens. 

Het is een eer om jouw grote zus te zijn! 

Wat leuk dat Rachel in je leven is gekomen en dat wij haar ook kunnen leren kennen!

Lieve pap en mam, 

Zonder jullie was ik niet geweest waar ik nu ben. Ik vind het bewonderenswaardig hoe 

jullie ons een normale jeugd hebben gegeven, hoe weerbaar jullie zijn. Jullie liefde voor 

elkaar en voor ons moet wel heel groot zijn. Jullie hebben altijd gezegd dat ik alles kon wat 

ik wilde. Dank voor het voorbeeld dat jullie geven, jullie oneindige liefde en het vertrouwen 

in me. Ik hou van jullie. 

Lieve Ben, 

Nu jij er bent kan ik me geen grotere liefde voorstellen. Jij maakt alles de moeite waard. 

Lieve Pim, 

Met jou geniet ik van de kleine dingen, met jou geniet ik van de grote dingen. 

Jij bent mijn thuis en mijn hart is van jou. Ik hoop dat wij samen heel erg oud worden. 
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