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The thyroid gland
The thyroid gland is located anteriorly of the trachea in the neck. Its 
primary function is to produce the thyroid hormones thyroxine (T4) and 
triiodothyronine (T3). Both hormones play a crucial role in numerous bodily 
functions, such as basal metabolic rate, growth, protein synthesis and body 
temperature regulation. The formation of thyroid hormones is dependent on 
sufficient dietary iodine intake. Iodine is absorbed to the blood as iodide by 
the intestines. Iodide is subsequently accumulated by the thyroid cells via the 
plasma membrane glycoprotein sodium/iodide symporter (NIS). This transport 
is stimulated by the thyroid stimulating hormone (TSH) produced by the 
pituitary gland.1 

Thyroid nodules 
The prevalence of thyroid nodules in the general population is very high. 
Detected by palpation in healthy subjects, it ranges between 4.7/1000 to 
51/1000 patients.2 Smaller, non-palpable thyroid nodules are even more 
prevalent. On ultrasound (US), the prevalence of thyroid nodules ranges from 
33% to 67%.3-5 These results are concordant with autopsy studies showing 
prevalence rates of up to 65%.2

Overall around 5% of thyroid nodules are malignant, necessitating 
further evaluation of a thyroid nodule.6,7 Nodules are firstly imaged by US, 
which was originally used to identify and count nodules and to measure their 
size. Later specific US characteristics were identified as markers of thyroid 
cancer.8,9 Unfortunately, none of these US characteristics has, by itself, a 
clinically acceptable diagnostic accuracy to differentiate between a benign and 
a malignant thyroid nodule. In the last decade more advanced US techniques 
have been developed. 

Of those, real-time elastography (RTE), analyzing the elasticity of the 
nodule, showed promising results in the first published studies.10-16 This 
technique is based on the assumption that malignant nodules are stiffer than 
benign nodules. This assumption is based on the fact that most malignant 
nodules have abnormally firm stroma, due to the presence of collagen and 
myofibroblasts.17 External force is applied by an US probe and the degree 
of distortion of the nodule is measured and visualized on the US image. Its 
definite role in the diagnostic work-up of thyroid nodules has yet to be decided. 
We therefore conducted a systematic review and meta-analysis, presented in 
chapter 2.

Because of the limited ability of US to discriminate between benign and 
malignant nodules, fine-needle aspiration (FNA) of the nodule is often 
indicated. The aspirate is processed via a direct smear and subsequently sent 
for further analysis by the cytopathologist. The Bethesda System for Reporting 
Thyroid Cytopathology has become the golden standard to classify thyroid 
cytology.18 This six category classification system, of which each category 
carries an explicit malignancy risk, aimed to standardize FNA reports and 
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thereby guide clinical decision making (Table 1).18 A FNA sample has to contain 
at least six groups of epithelial cells, each composed of at least 10 cells, to 
be classified into one of the diagnostic categories, category II to IV. Non-
diagnostic FNA samples are classified as Bethesda category I and are caused by 
an insufficient number of cells, contamination with blood or other processing 
issues. Although several guidelines state that no more than 15-20% of FNA 
samples should be nondiagnostic19,20, studies have reported rates of over 
30%.21,22 

Rapid onsite adequacy assessment (ROSAA), whereby  the FNA sample is 
assessed for adequacy by a cytopathologist on site, thus providing immediate 
feedback, has been suggested in literature as a way to improve adequacy 
rates. It has been successfully introduced in the diagnostic work-up of other 
tumor types and several studies reported good results with thyroid FNAs.23-26  
Based on these studies ROSAA was implemented a few years ago in the UMC 
Utrecht. Besides ROSAA, other factors may be of influence on FNA adequacy, 
like aspiration technique, experience of the operator, type and size of the 
needle.22,26,27 In chapter 4 we present the results of our study investigating 
what factors are associated with accuracy rates in our center.

Follow-up is advised for benign nodules (Bethesda category II) without 
compressive symptoms or cosmetic concerns.18 Because of its very high 
malignancy rate (around 98%18,28) Bethesda category 6 nodules are treated 
with total thyroidectomy (Table 1).29,30 Bethesda category III, IV and V FNA 
results however, pose a dilemma for the clinician. The combination of these 
three Bethesda categories is also referred to in literature as indeterminate FNA 
results. It is important to note that in some studies indeterminate nodules 

Category Description category Risk of 
malignancy 
(%)

Usual management

I Non diagnostic or 
unsatisfactory

1-4 Repeat FNA

II Benign 0-3 Clinical follow-up

III Atypia of undetermined 
significance or follicular 
lesion of undetermined
significance

~5-15 Repeat FNA 
/ Diagnostic 
lobectomy

IV Follicular neoplasm or 
suspicious for a
follicular neoplasm

15-30 Repeat FNA 
/ Diagnostic 
lobectomy

V Suspicious for malignancy 60-75 Diagnostic 
lobectomy

VI Malignant 97-99 Total 
thyroidectomy

Table 1: Bethesda classification. Derived from Cibas et al.18
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only include category 3 and 4 FNA results, while others include category 5. For 
indeterminate nodules diagnostic thyroid lobectomy is frequently performed 
to obtain a final diagnosis. However, final histology turns out benign in 
the majority of these patients, while they have been exposed to a surgical 
intervention with associated morbidity and costs. Several potential solutions 
have been proposed to reduce the number of futile diagnostic lobectomies 
for indeterminate nodules. Amongst these is the use of the aforementioned 
US elastography.31,32 Its accuracy and use for this indication are addressed in 
chapter 3. 

Another approach to obtain a conclusive diagnosis of indeterminate nodules 
is molecular testing of the FNA sample. The 2007 guideline of the American 
Thyroid Association (ATA) stated that “the use of molecular markers (e.g., 
BRAF, RAS, RET/PTC, PAX8-PPARg, or galectin-3) may be considered for 
patients with indeterminate cytology on FNA to help guide management”, 
but no further recommendations on its application are provided.29 Of 
these markers the B-type Raf Kinase Val600Glu mutation, abbreviated 
as BRAF(V600E), is of particular interest as a mutation in this gene is 
pathognomonic of thyroid cancer, and mutation assessment can be done on a 
FNA sample.33,34 BRAF(V600E) mutations found in indeterminate FNA samples 
consequently change the clinical approach from repeat FNA or diagnostic 
lobectomy to therapeutic thyroidectomy, reducing time and costs. The 
potential relevance of BRAF(V600E) mutation analysis of indeterminate FNA 
samples in the Netherlands is explored in chapter 5. 

Epidemiology and treatment of differentiated thyroid cancer
Differentiated thyroid cancer (DTC) is the most prevalent type of thyroid 
cancer and its incidence is rising. In the Netherlands the incidence of DTC rose 
from 1.8 per 100.000 in 1990 to 2.7 per 100.000 in 2010.35 In the United States 
the incidence of papillary thyroid cancer, the most common subtype of DTC, 
increased even more from 3.4 per 100.00 in 1975 to 12.5 per 100.000 in 2009.36 
Despite the increase in incidence, mortality rates remained stable over the 
years, indicating that overdiagnosis is a major factor causing this rise.37,38 
For DTC staging the TNM (tumor, node, metastasis) classification system is 
generally recommended.30 Based on the T-, N- and M-classification and age at 
time of diagnosis, patients are categorized in different stages (Table 2). The 
primary treatment for all stages of DTC, except for tumors smaller than 1 cm 
without known nodal and/or distant metastasis (T1aN0M0-x), consists of a 
total thyroidectomy followed by ablation therapy with radioactive iodine-131 
(131I)(RAI). 

131I is a radioisotope with a physical half-life of 8.02 days that returns to 
its stable state (xenon-131) by emitting both beta particles and gamma rays 
(g) consisting of high energy photons. The beta particles inflict damage to 
the DNA molecule of the thyroid cells, which leads to cell dysfunction and 
eventually cell death.39 As the uptake of iodine is highly specific by thyroid 
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Primary tumor (T-stage)

TX Primary tumor cannot be assessed.

T0 No evidence of primary tumor.

T1a Tumor ≤1 cm, limited to the thyroid.

T1b Tumor >1 cm but ≤2 cm in greatest dimension, limited to the thyroid.

T2 Tumor >2 cm but ≤4 cm in greatest dimension, limited to the thyroid.

T3 Tumor >4 cm in greatest dimension limited to the thyroid or any tumor with 
minimal extrathyroid extension (e.g., extension to sternothyroid muscle or 
perithyroid soft tissues).

T4a Moderately advanced disease.

Tumor of any size extending beyond the thyroid capsule to invade subcutaneous 
soft tissues, larynx, trachea, esophagus, or recurrent laryngeal nerve.

T4b Very advanced disease.

Tumor invades prevertebral fascia or encases carotid artery or mediastinal 
vessels.

Regional lymph nodes (N-stage)

NX Regional lymph nodes cannot be assessed.

N0 No regional lymph node metastasis.

N1 Regional lymph node metastasis.

N1a Metastases to Level VI (pretracheal, paratracheal, and prelaryngeal/Delphian 
lymph nodes).

N1b Metastases to unilateral, bilateral, or contralateral cervical (Levels I, II, III, IV, or 
V) or retropharyngeal or superior mediastinal lymph nodes (Level VII).

Distant metastasis (M-stage)

M0 No distant metastasis.

M1 Distant metastasis.

Stage T N M

Younger than 45 years

I Any T Any N M0

II Any T Any N M1

45 years or older

I T1 N0 M0

II T2 N0 M0

III T3 N0 M0

T1-3 N1a M0

IVa T4a N0-1 M0

T1-3 N1b M0

IVb T4b Any N M0

IVc Any T Any N M1

Table 2: TNM AJCC70
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cells via NIS, limited doses are delivered to non-thyroid organs. The RAI 
ablation therapy aims to eradicate thyroid (cancer) cells that remain after 
total thyroidectomy, and subsequently facilitate follow-up with the biomarker 
thyroglobulin (Tg): after total thyroidectomy and RAI ablation no thyroid cells 
should remain, and so Tg-levels should be immeasurable. In addition, RAI 
ablation enables post-ablation therapy imaging by the emitted photons. This 
whole body scintigraphy (WBS) can be combined with single photon emission 
computed tomography / computed tomography (SPECT/CT) and plays an 
important role in detecting lymph node or distant metastasis.40-43 The photons 
are emitted from the patient randomly in all directions and for imaging it is 
required to locate their origin. This is achieved by a collimator, a lead block with 
small holes, allowing only the photons emitted in line with the holes to pass 
through (Fig. 1)44. The main disadvantage of this approach is its dramatically 
reduced sensitivity: approximately only 1 in 100.000 photons reaches the 
detector.45 The value of 131I WBS has been further increased by the introduction 
of 3D imaging with SPECT with anatomical correlation by CT. The detectors of 
the gamma camera circle around the patient obtaining information of photon 
emission in every direction. SPECT images can be fused with the anatomical 
information of the CT scan, enabling a more precise staging after RAI. 

A

B

Figure 1: a. In the absence 
of collimation there is 
no relationship between 
the position at which 
a gamma ray hits the 
detector and that from 
which it left the patient. 
b. The parallel-hole 
collimator forms an 
image by excluding all 
gamma rays except those 
travelling parallel to the 
hole’s axis. Reprinted 
from Practical Nuclear 
Medicine by Sharp et al.44
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Suspected recurrence of differentiated thyroid cancer
Despite the excellent survival of DTC patients, a substantial number of DTC 
patients faces recurrence after their primary treatment during follow-up. 
Up to 25% faces either locoregional recurrence in lymph nodes or distant 
metastasis.46,47 All patients treated for DTC therefore undergo regular Tg 
measurements and US of the neck to identify possible recurrences. If lymph 
node metastases are diagnosed on US of the neck surgical resection is 
indicated.29,30,48,49 Any increase in Tg-level raises the suspicion of recurrence. In 
case of an increased Tg-level, but without evidence of locoregional metastasis 
in lymph nodes on US, additional imaging is warranted. 

Diagnostic WBS with a low administered dose of iodine-123 (123I) or 131I 
was used to identify metastases, however, as their diagnostic accuracy is low, 
it is no longer advocated.50-55 Therefore, in these cases guidelines advocate 
‘blind’ treatment, also referred to in literature as ‘empiric’ treatment, with 
high dose 131I therapy.52,56-59 This therapy is effective in a substantial part of 
the patients. However, in up to half of the patients the post-therapy 131I WBS 
shows no uptake. 60-63 This means that the therapy can be considered futile, 
while the patient suffers from side effects. The negative post-therapy 131I WBS 
is caused by a lack of sufficient iodine uptake by the cancer cells to show up 
on the scan. Dedifferentiation is the main process reducing iodine avidity of 
thyroid cancer cells. Genetic alterations in DTC may lead to dedifferentiation. 
One of the alterations occurring in the process of dedifferentiation is the 
reduced NIS expression on the membrane, resulting in diminished iodine 

Figure 2: Simplified decay 
scheme of 124I. Multiple 
prompt high-energy 
gamma photons are 
emitted simultaneously 
with the positrons of 
which some are accepted 
within the energy 
discrimination window  
of the PET scanner  
(e.g. 400-650 keV). Image 
adapted from Lubberink 
et al.71
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avidity. This is of clinical relevance as clinically beneficial effects of 131I therapy 
depend on sufficient uptake of 131I. Another change in dedifferentiating thyroid 
cancer cells is its increased (glucose) metabolism. Two alternative diagnostic 
modalities use these thyroid cancer cell characteristics: iodine-124 (124I) and 
18F-fluorodeoxyglucose (18F-FDG). Both tracers are used with Positron Emission 
Tomography (PET) / Computed Tomography (CT) as they are both positron 
emitting radioisotopes. 

124I has a complex decay scheme with a positron abundance of only 
23%. Besides positrons, 124I emits a significant amount of high-energy gamma 
rays that lead to extra non- or partial annihilation coincidence detections 
(Fig. 2). Despite these disadvantageous physical properties of 124I as a PET-
tracer, 124I PET/CT offers potential advantages above diagnostic 131I and 123I 
SPECT/CT. Both spatial resolution and sensitivity of PET/CT are higher in 
comparison to SPECT/CT.64 Furthermore, its long 4.2-day half-life allows for 
pre-therapeutic dosimetry.65,66 18F-FDG is a tracer that can visualize enhanced 
glucose metabolism, which typically occurs in dedifferentiated DTC. Uptake of 
18F-FDG in metastases is associated with a poorer prognosis.67 The combination 
of both modalities is, therefore, of great potential for the work-up of patients 
with suspected DTC metastases.68 In chapter 6 a study protocol aimed at 
investigating the combined use of 18F-FDG and 124I PET/CT as predictors of the 
post-therapy 131I WBS outcome is presented.

As DTC is a relatively rare disease and patients with suspected recurrent 
DTC are even rarer, studies on 124I PET/CT, such as the study described in 
chapter 6, often require a multicenter design. To compare 124I PET scans and 
especially to compare quantitative 124I PET scans, amongst different centers 
standardization of scanning and acquisition is required. Previously, such a 
procedure led to a standard of scanning for 18F-FDG.69 A similar approach is 
warranted for 124I. A procedure aimed at achieving this is described in chapter 
7. The results of the clinical study with the use of calibrated 124I PET/CT as 
predictors of the post-therapy 131I WBS outcome are presented in chapter 
8. Finally, in chapter 9, a quantitative comparison of the detection limits of 
124I PET/CT and 131I SPECT/CT is presented, as the results of chapter 8 raised 
questions on the detection limits of 124I PET/CT. 

Aims of the thesis
Taken together, two major aims of this thesis can be formulated: firstly, to 
optimize the diagnosis of the numerous thyroid nodules that are (incidentally) 
diagnosed (PART I); and secondly, to improve the approach of previously 
treated DTC patients with biochemical suspicion of recurrence (PART II).
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Abstract

Context
Only a minority of thyroid nodules is malignant; nevertheless, many invasive 
diagnostic procedures are performed to distinguish between benign and 
malignant nodules. Qualitative ultrasound elastography is a non-invasive 
technique to evaluate thyroid nodules. 

Objective
To investigate the diagnostic value of qualitative elastography in distinguishing 
benign from malignant thyroid nodules in patients referred for fine-needle 
aspiration (FNA).

Data sources
A systematic literature search (PubMed, Embase and Cochrane Library) was 
performed.

Study selection
Included studies reported thyroid nodule elastography color scores and the 
related cytologic or histologic findings in patients with a thyroid nodule referred 
for FNA.

Data extraction
Two independent reviewers extracted study data and assessed study quality. 
Pooled sensitivities and specificities of different populations were calculated 
using a bivariate Bayesian framework.

Data synthesis
Twenty studies including 3973 thyroid nodules were analyzed. Pooled results of 
elastography indicate a summary sensitivity of 85% (95% confidence interval 
[CI], 79%-90%) and specificity of 80% (95% CI, 73%-86%). The respective 
pooled negative predictive and positive predictive values were 97% (95% CI, 
94%-98%%) and 40% (95% CI, 34 %-48% %). The pretest probability of a benign 
nodule was 82%. Only 3.7 percent of the false-negative nodules was a follicular 
thyroid carcinoma. A pooled negative predictive value of 99% (95% CI, 97%-
100%) was found when only complete soft nodules (Asteria elastography 1) 
were classified as benign, which included 14% of the studied population.

Conclusions
Elastography has a fair specificity and sensitivity for diagnostic accuracy. 
Its major strength entails the detection of benignity, especially when only 
completely soft nodules are qualified as benign. The outcomes of our analysis 
show that FNA could safely be omitted in patients referred for analysis of their 
thyroid nodule when elastography shows it to be completely soft (Asteria 
elastography 1). This could prevent unnecessary invasive diagnostic procedures 
in a substantial portion of patients.
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Introduction

Approximately 10 to 20 million Americans have clinically detectable thyroid 
nodules; however, only 4% to 7% of the nodules are malignant.1,2 Ultrasound 
(US) and fine-needle aspiration (FNA) are commonly used to evaluate the 
nature of thyroid nodules. Their diagnostic value in routine care is mitigated 
by several limitations.3,4 In particular, several studies indicated that US lacks 
accurate criteria for assessing whether a nodule is malignant.3,5 FNA, however, 
shows good sensitivities and specificities but is not representative in 0.7% 
to 15% of the cases6, requiring a diagnostic thyroid lobectomy frequently to 
obtain a final diagnosis. With the increasing detection of nodules in general, 
it would be of great value if an additional non-invasive tool can determine 
whether a nodule is benign. This would potentially lead to a reduction in FNAs, 
which benefits both the patient, as an invasive procedure can be omitted, and 
society because a cost reduction might be achieved.

Qualitative US elastography has recently been proposed as a new 
technique for evaluating the elasticity of nodules and identifying whether 
they are malignant or benign.7 Its introduction was soon paced by several 
studies and meta-analyses reporting promising results. However, these studies 
compared studies with a mixed group of populations (i.e., patients referred 
for FNA and patients referred for surgery), color systems, and inclusion and 
exclusion criteria.8-12 The role of elastography in cystic, calcified and follicular 
lesions is still a matter of debate. In a meta-analysis published in 2010 4 out of 
9 (44%) included follicular carcinomas were false negative.10 This may because 
the gross anatomy and cellular patterns of follicular carcinoma overlap with 
those of benign adenoma. On the other hand, cystic and calcified nodules 
could be diagnosed false positive, since these lesions are stiff.13,14

As suggested by others, the main strength of elastography might lay 
in diagnosing benignity and, by that, in selecting those that do not need 
further diagnostic evaluation.15 This systematic review and meta-analysis 
focus, therefore, on patients referred for diagnostic evaluation of their thyroid 
nodule because elastography could prevent unnecessary invasive diagnostic 
procedures in this population. 

The objective of this study is to investigate the diagnostic value of 
qualitative elastography in distinguishing benign from malignant thyroid 
nodules in patients referred for FNA. Subanalysis on cystic, calcified and 
follicular lesions were conducted.
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Materials and Methods

Two authors (S.N. and T.O.) independently performed study selection, quality 
assessment and data extraction. 

Search strategy
A systematic search was performed of the PubMed, Embase, and Cochrane 
Library databases. The search query was limited to December 5th, 2014, and 
included several synonym terms within the determinant (i.e., elastography) and 
outcome (i.e., malignancy; Supplemental 1). 

Study selection
The relevance of all identified studies was assessed by title and abstract. The 
full-text paper was retrieved when studies evaluated thyroid malignancies, 
reported the original study (i.e., no reviews or case reports), and were written 
in English, German, French, or Dutch. Inclusion of studies was based on 
population characteristics (patients with a thyroid nodule referred for FNA), 
index test (qualitative elastography), reference test (thyroid nodule cytology or 
histology), and full-text publication. A cross-reference check was performed to 
assess the quality of the search.

Assessment of study quality
The risk of bias for all included studies was evaluated using the Quality 
Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) questionnaire.16  
This tool comprises four domains: patient selection, index test, reference 
standard, and flow and timing. Each domain is assessed for the risk of bias. 
The first three domains are also assessed for concerns of applicability. The 
QUADAS-2 was tailored to our analysis, as described in the guideline.16 After 
tailoring, the tool was applied to a random sample from the available studies to 
evaluate inter-rater agreement. Finally, two authors (S.N. and T.O.) evaluated 
all included studies (Supplemental 2), and any disagreement was resolved 
through re-evaluation by a third author (B.K.) who was blinded to the outcome 
of the previous assessment. 

Data extraction
Population characteristics and nodule classification systems were extracted. 
Because the included articles used several color classification systems and 
thresholds to distinguish between benign and malignant nodules, all nodules 
were classified according to the Asteria elastography (ES) classification.17 This 
classification is applicable and widely used in thyroid nodule elastography.18 

Asteria ES is a 4-point scale, in which ES 1 is assigned to nodules with elasticity 
in the entire examined area, ES 2 is assigned to nodules with elasticity in a 
large portion of the examined area, ES 3 is assigned to nodules with stiffness 
in a large portion of the examined area, and ES 4 is assigned to hard nodules 
(Figure 1).17 The 4-point Asteria classification was used to generate 4 × 2 tables. 
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A threshold between Asteria ES 2 and ES 3 was pre-specified and used 
during the statistical analysis to differentiate between potential malignant 
and benign nodules. As previously proposed by others, a second threshold 
analysis (between ES 1 and ES 2) was performed to test whether the 
diagnostic performance of elastography could be improved.15

All classification systems used were assigned independently by 
two authors (S.N. and J.K.). Subsequently, if needed, study data from 
included studies not using Asteria classification were reclassified into 
the Asteria classification. If reclassification was not possible due to the 
specific classification system used or to the lack of a detailed description 
of the classification system, the study was excluded from the analysis. 
Some studies reported data from two elstographic subgroups combined, 
and, therefore, not all reported data could be included in all analyses. 
Disagreement at any point of the reclassification process was solved by 
consulting a third author (B.K.) blinded for the results of the primary 
assessment. 

Elastography subgroup analysis
Further subgroup analyses were planned for studies that (I) excluded 
calcified and cystic lesions, (II) only excluded cystic lesions, or (III) did not 
exclude calcified or cystic lesions. The aim of these subgroup analyses 
was to evaluate the influence of frequently used exclusion criteria on the 
diagnostic performance of elastography. Finally, an analysis was planned 
on the incidence of false-negative elastography results in case of follicular 
thyroid carcinoma (FTC). By this analysis the assumed underperformance 
of elastography of FTC nodules in literature was tested.

Statistical analysis
Sensitivities (true positive rates), false positive rates (equals 1-specificity), 
positive predictive values (PPV), negative predictive values (NPV), and 
corresponding 95% confidence intervals (CIs) of the studies were pooled 
using methods that preserved the 2-dimensional nature of the data and 
accounted for variability within and between studies.19-21 In particular, a 
bivariate meta-analysis was performed using a Bayesian framework with 
noninformative prior distributions. The statistical models allowed for joint 
random effects on the sensitivity and specificity, posterior means were 
used to present summary measures of true positive rate, false positive rate, 
PPV, and NPV.

For each statistic, we calculated the 95% prediction interval (95% 
PI) to interpret the effect of statistical heterogeneity. This interval 
indicates the possible estimate (e.g., sensitivity) in an individual setting. 
The univariate I2 statistics (e.g., I2

E(sens)) were calculated to quantify 
the percentage of the variability in summary estimates that is due to 
heterogeneity rather than sampling error (chance).22 We also calculated the 
bivariate I2 statistic (I2

E(Biv)) to present an overall measure of between-study 
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Figure 1: Thyroid nodule elastography (ES) scores according to Asteria 
classification.17 Green indicates elastic tissue and blue indicate hard tissue. ES 1: 
The nodule is displayed homogeneously in green; ES 2: Almost the entire nodule 
in displayed in light green with some peripheral and/or central blue areas; ES 3: 
Almost the entire nodule is displayed in hard blue with some green regions; ES 4: 
The entire nodule is displayed in homogenously hard blue.  
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heterogeneity. The I2 statistic may indicate the presence of unimportant 
(0%-40%), moderate (30%-60%), substantial (50%-90%), and 
considerable (75%-100%) amounts of between-study heterogeneity.23 
All analyses were performed in R and JAGS software. The corresponding 
BUGS code is available in Supplemental 3.
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Results

Literature search
The search query resulted in 3921 citations. After filtering duplicates, 2461 
citations were excluded based on title and abstract (Figure 2). The full text 
of 116 studies was retrieved for detailed review. From these, 96 studies were 
excluded: 27 studies evaluated patients referred for surgery before evaluation 
by elastography, 17 studies did not use qualitative elastography, 14 because 
quantitative elastography measurements, such as strain indexes, were used, 12 
studies only published an abstract, 10 studies because the required data could 
not be extracted, 8 studies did not concern patients with a thyroid nodule, 
3 because the population was restricted (e.g., only patients with a thyroid 
malignancy or with indeterminate FNA were examined), 2 studies included 
fewer than 15 patients, 2 studies were a review, and another study did not use 
the required golden standard.

Quality assessment
The QUADAS-2 tool was applied to the remaining 20 studies. The interobserver 
agreement rate was 0.59 (95% CI, 0.40-0.79). None of these studies showed 
a high risk of bias in patient selection, index test, or reference standard 
according to the QUADAS-2 tool (Figure 3, Supplemental 2). The risk of index 
test bias was unclear in six studies because they did not specifically indicate 
whether elastography was interpreted with or without knowledge of the 
results of the reference standard these studies had a prospective design, where 
elastography was performed before FNA. In 8 studies (40%), a high risk of flow 
and timing bias was observed because the interval between the elastography 
and reference standard was longer than 1 month or not all patients were 
included in the analysis. All studies had low concerns regarding applicability of 
patient selection, index test, and reference standard.

Characteristics of the included studies
Of the 3973 thyroid nodules that were evaluated (Table 1), 65 nodules were 
not suitable for reclassification and were excluded. The number of analyzed 
nodules in each study ranged from 23 to 912 nodules. The percentage of 
malignant nodules varied from 5% to 39%. The elastography color scale 
varied from a 3-point to a 5-point scale. All included studies used cytology or 
histology as a reference standard.

Pooled results and between-study heterogeneity
A total of 3908 nodules was analyzed (Table 1) of which 2424 (62%) were ES 
1 or ES 2. The respective pooled sensitivity and specificity of elastography 
in differentiating between malignant and benign thyroid nodules were 
85% (95% CI, 79%-90%) and 80% (95% CI, 73%-86%). Statistical analyses 
revealed that I2

E(Biv) was 53%, thereby indicating the presence of a moderate 
degree of between-study heterogeneity. The 95% PIs ranged from 61% to 
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Figure 2: Flowchart of study selection
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Table 1: Study 
characteristics. 
§, percentage of the 
analyzed thyroid 
nodules of which 
histology was used as 
reference standard; ES, 
elastography; UK, United 
Kingdom; USA, United 
States of America; 
†, an elastography color 
threshold other than 
Asteria ES 2/3 was used 
for the initial statistical 
analysis in that particular 
study; 
‡, the middlemost 
color score was not 
applicable to the Asteria 
classification.
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96% (sensitivity) and from 41% to 96% (specificity). The 
corresponding I2 statistics were 27% (95% CI, 14%-43%) and 
84% (95% CI, 75%-90%). The respective pooled NPV and 
PPV were 97% (95%CI, 94%-98%) and 40% (95% CI, 34%-
48%), with I2

E(Biv) at 49% (Figure 4). The pretest probability of 
a benign nodule was 82%. 

 Subgroup analysis of a different threshold 
Fourteen studies reported sufficient information to 
compare the completely soft (ES 1) with the not completely 
soft nodules (ES >1). A total of 2012 nodules was analyzed, 
of which 277 (14%) were ES 1. The pooled sensitivity and 
specificity of these studies were 99% (95% CI, 96%-100%) 
and 14% (95 CI, 6%-30%) respectively. The bivariate 
I2 statistic indicated a low degree of between-study 
heterogeneity (I2

E(Biv) = 24%), particularly for the pooled 
sensitivity (I2

E(Sens) = 5%). The corresponding 95% PIs were 
88% to 100% and 0% to 86%. The respective pooled NPV 
and PPV were 99% (95% CI, 97%-100%; 95% PI, 93%-100%) 
and 16 % (95% CI, 12%-23%; 95% PI, 5%-45%) with I2

E(Biv) = 
14% (Figure 5).

Subgroup analysis of elastography exclusion criteria
After detailed review of included studies we concluded that this subgroup 
analysis was not possible. Main reason is that the studies excluding cystic 
and/or calcified nodules all used different criteria: ranging from studies only 
including completely solid nodules to studies excluding only completely 
cystic nodules.15,17,24-29 Similarly, in the four studies excluding calcifications 
different criteria were applied: eggshell calcifications, macrocalcifications 
or coarse calcifications.24,25,28,29 Furthermore, because the populations of 
the studies that included cystic or calcified nodules consisted only for an 
unknown minority of these specific nodules, their influence on elastography 
outcome is not determinable.

Subgroup analysis of FTC nodules
In our cohort of 3908 included nodules, 157 were false negative when using 
the cut-off between ES 2 and ES 3. Histology was described of 106 of these 
nodules. Only four false-negative nodules were FTC’s (3,7%). The other false-
negative nodules consisted of 97 papillary thyroid carcinomas (PTC) (91,5%), 
three follicular variants of PTC (2,8%), one medullary thyroid carcinoma 
(0,9%) and one metastasis of another tumor to the thyroid (0,9%). No data 
was extractable from the included studies to determine the incidence of 
FTC’s in the total population of nodules. 
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Discussion

Qualitative elastography has been described as a promising new technique 
in differentiating benign from malignant thyroid nodules.30-42 The aim of 
this systematic review and meta-analysis was to investigate the diagnostic 
value of qualitative elastography in distinguishing benign from malignant 
thyroid nodules in patients referred for FNA and, thereby, potentially prevent 
unnecessary invasive diagnostic procedures.

We found 20 studies including 3973 thyroid nodules. By using the 
standard cutoff (ES 1-2 vs. ES 3-4), we found that thyroid nodule elastography 
in patients referred for FNA had a pooled sensitivity of 85% and specificity of 
90%. The NPV and PPV were 97% and 40%, respectively. An even higher NPV 
of 99% (95% CI, 97%-100%) was observed when only completely soft nodules 
were considered as benign (i.e., cutoff between ES 1 and 2). This implies 
that 99% of patients with a completely soft nodule indeed do have a benign 
nodule and that further diagnostic procedures can be safely omitted, which 
means 14% of this study population. Even when accounting for potential 
between-study heterogeneity, the NPV in a new study is still likely to exceed 
93%. 

We believe both cutoffs can be used: a cutoff between ES 2 and 3 could 
lead to a reduction of 62% of the FNAs in this study at the expense of a 
higher, but still low, number of missed malignancies. Elastography can thus 
prevent invasive diagnostic FNAs and thyroid lobectomies with associated 
complications and costs43, without substantial risk of missing malignant 
nodules. However, because the PPV is only 40%, a positive elastography 
result is equivocal and further diagnostic evaluation by FNA, and, if FNA is 
indifferent or inconclusive diagnostic lobectomy, is unavoidable. 

Due to different cystic and/or calcified excluding criteria between 
studies it was not possible to determine whether exclusion of cystic or 
calcified nodules improves diagnostic accuracy of elastography. A small 
study analyzing 85 nodules advocated excluding cystic lesions.13 This 
recommendation has been widely used in subsequent studies but has not 
been studied more thoroughly.24,27,29 The influence of cystic and calcified 
lesions has been doubted as well. As this specific question could not be 
answered by pooling the current available data, more research on this subject 
is advocated. 

Another debate is whether FTCs are evenly well diagnosed with 
elastography in comparison with other histological subtypes, since 4 out of 
9 FTC’s (44%) in the meta-analysis of Bojunga et al. were false negative.10,44 
Although we were unable to determine the number of true-positive FTC’s, 
we believe this hypothesis can be refuted. As the overall incidence of FTC’s 
in thyroid carcinomas is around 10% and the false negative elastographies 
consisted of only 3,7% FTC’s we conclude that elastography is diagnosing 
FTCs as good as any other thyroid malignancy.45 

Inter- and intraobserver variability is a potential disadvantage of 
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Figure 3: The Quality Assessment of Diagnostic Accuracy Studies 2 (QUADAS-2) 
tool for analysis of included study quality. The risk of bias for the included studies 
and the level of concern regarding the applicability of included studies are 
shown.
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qualitative elastography, since the observer has to classify a nodule using a 
qualitative color score. Especially the difference between an ES 2 and ES 3 
score could be challenging in some nodules. The difference between elasticity 
and stiffness in a large portion of the examined area could be small. This 
hypothesis was confirmed by Park et al. who found no statistical interobserver 
concordance among 45 thyroid nodules.46 However, three studies analyzing 
106 to 152 nodules, found good inter and intraobserver variabilities, with 
kappa rates >0.79.32,36,47 We expect further improvement of the inter- and 
intraobserver variability using an ES cutoff between ES 1 and ES 2, but this 
need to be investigated in new prospective studies. 

The aim of our meta-analysis was to determine if thyroid nodule 
elastography could replace fine needle aspirations in specific patients. 
Previously published meta-analyses focused on the diagnostic value of 
thyroid nodule elastography in a broad sense. Bojunga, Sun and Veer et al. 
analyzed pooled data of difference elastography techniques, like qualitative 
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elastography, strain index elastography and shear wave elastography.8-10 
Ghajarzadeh and Razavi specifically analyzed qualitative elastography but 
pooled data of patients referred for surgery and patients referred for fine 
needle aspiration (FNA).11,12 An increased number of malignant nodules could 
be expected in patients referred for surgery compared to patients referred 
for FNA due to selection bias, which makes the pooled data difficult to use in 
clinical practice. In a subanalysis done by Sun et al. this influence is confirmed, 
as the sensitivity and specificity of studies only including patients referred for 
surgery are 90% and 81% respectively, compared to 71 and 76% in patients 
referred for FNA.8 

The previously published meta-analyses found a high NPV and negative 
likelihood ratio’s, but these values were a reflection of heterogeneous pooled 
data and, therefore, difficult to interpret and apply. Furthermore, the published 
previous meta-analyses had shortcomings. For instance, Veer et al. did not 
assess the quality of the included studies, did not test statistical heterogeneity 
and did not describe his mathematical model. The study of Veer et al. is 
the only meta-analyses displaying his findings in NPV’s instead of negative 
likelihood ratios, but, unfortunately, the brief description of the used methods 
makes it impossible to reproduce his outcomes.9 Furthermore, all of the 
previously published meta-analyses missed several papers. For example, the 
publication of Ferrari et al. was missed by all except of Veer et al., while Veer et 
al., however, missed Trimboli’s paper of 498 nodules.8-12,28,34

Several similar techniques to elastography have been evaluated in the 
diagnostic work-up of thyroid nodules. Semi-quantitative elastography (SE), 
strain ratio, compares nodule elasticity to surrounding tissue (e.g., normal 
thyroid tissue or muscle). A similar method uses carotid artery pulsations as its 
reference. Shear-wave elastography (SWE) is using acoustic pressure in order 
to assess elasticity and provides quantitative information on the stiffness of 
the nodule. This technique is said to be less operator dependent and more 
consistent.44 In the meta-analysis of Veer et al. an analysis of SWE has been 
done showing a sensitivity, specificity, PPV and NPV of 86, 89, 60 and 97 
percent, respectively.9 Compared to our results the sensitivity and specificity 
improved slightly, the PPV significantly, and the NPV was similar. Razavi et al. 
included an analysis of different strain ratios.11 Results showed overall similar 
results with overlapping CI’s. However, the ratio between carotid artery and 
nodule seemed superior to elastography, although only two studies used 
this method.11,48,49 Recently, a preliminary study directly comparing SWE with 
qualitative elastography showed no difference in diagnostic performance.50 
However, as this study consisted of patients referred for surgery, the authors 
state that larger studies in non-surgical populations are warranted. Concluding, 
there are suggestions in literature that SWE and SE might be alternatives 
with comparable or better diagnostic performance. However, further high-
quality studies comparing these techniques with qualitative elastography 
are warranted and the results of any comparison at this point should be 
interpreted with care.
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The strength of this study, with respect to other meta-analyses on this 
subject, is the extensive systematic literature search, strict population and 
diagnostic test selection, and the use of state-of-the-art methods to perform a 
meta-analysis that appropriately deals with the bivariate nature of diagnostic 
test accuracy data.19-21 Despite the harmonization of study populations, 
inclusion and exclusion criteria, and types of elastography tests, the presence 
of between-study heterogeneity remains a limitation.  
In particular, we observed a substantial difference in the prevalence of patients 
undergoing surgery in the included studies. This difference may be attributed 
to a variation in-patient flow (e.g. due to different protocols) between hospitals 
and countries and thereby affect the predictive performance of elastography 
in individual settings. Moreover, other factors such as different elastography 
devices and local experience may also play a role in the origin of between-
study heterogeneity. We have addressed this heterogeneity to a large extent 
by performing subgroup analyses where only completely soft nodules were 
qualified as benign. Here, we found that the NPV of elastography remained 
consistently high across different study populations (I2

(NPV) = 3%). Fortunately, 
we found that the NPV of elastography remained fairly high even when such 
heterogeneity was taken into account. It is important to emphasize that our 
results are only applicable to patients that would have been referred for FNA 
and not all thyroid nodules widely prevalent in the general population. Finally, 
it is possible that publication bias occurred although this is less likely in studies 
of diagnostic test accuracy.51

Conclusions

This comprehensive meta-analysis demonstrates that qualitative elastography 
has fair specificity and sensitivity for diagnostic accuracy for patients with 
a thyroid nodule referred for FNA. Its major strength entails the detection 
of benign nodules, with a NPV of 99% for nodules that are completely soft 
(Asteria ES 1) and a NPV of 97% when predominantly soft nodules are also 
considered benign (Asteria ES 2). The outcome of our analysis shows that FNA 
could safely be omitted when elastography shows Asteria ES 1. Consequently, 
14% of patients with a thyroid nodule referred for FNA could be saved invasive 
diagnostic procedures. Even more procedures could be saved when Asteria 
ES1 and ES 2 are considered to be benign. However, this increases the chance 
of missing malignancies. Further diagnostic evaluation is recommended 
when elastography is positive, because in that case no reliable conclusions 
about the nature of the nodule can be drawn. As current literature consists of 
mainly small single center studies, we believe that validation of our findings 
is warranted in powered prospective (multicenter) studies and in comparison 
with semi-quantitative elastography and/or shear-wave elastography.
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Figure 4: Forest plot 
and pooled estimate 
of ES 1,2 versus ES 
3,4. Diamond, pooled 
estimate; unbroken 
line; 95% confidence 
interval; dotted 
line, 95% prediction 
interval. I2 statistics: 
53% (bivariate), 27% 
(Sensitivity), 84% 
(Specificity), 49% 
(bivariate), 50% (PPV), 
50% (NPV)
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Figure 5: Forest plot 
and pooled estimate 
of completely 
soft nodules (ES1) 
compared to harder 
nodules (ES>1). 
Diamond, pooled 
estimate; unbroken 
line; 95% confidence 
interval; dotted 
line, 95% prediction 
interval. I2 statistics: 
24% (bivariate), 5% 
(Sensitivity), 84% 
(Specificity), 14% 
(bivariate), 70% (PPV), 
2% (NPV)
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Supplemental 2: Quality assessment of the included studies

QUADAS-2 Tool Signaling Questions16

A. Evaluation of bias
1. Patient selection
 a. Was a consecutive sample of patients enrolled?
 b. Was a case-control design avoided?
 c.  Was selection bias avoided by including patients with a thyroid nodule without previous 

diagnostic work-up such as fine-needle aspiration (FNA)?
2. Index test (thyroid nodule elastography)
 a.  Was the elastography outcome interpreted without knowledge of the cytologic or 

histologic outcome?
 b. Was the thyroid nodule elastography colors scale pre-specified?
3. Reference standard (thyroid nodule cytology or histology)
 a.  Was thyroid nodule cytology or histology used as a reference standard?
 b.  Were the reference standard results interpreted without knowledge of the elastography 

results?
4. Flow and timing
 a.  Was the elastography performed within one month before the cytology or histology? 
 b. Did all patients receive a reference standard?
 c. Were all patients included in the analysis?

B. Evaluation of applicability
1. Patient selection
 a.  Was the patient group studied a typical clinical practice in an outpatient setting?
 b.  Were patients included before they were referred for FNA, and not when they were 

already referred for surgery?
2. Index test (thyroid nodule elastography)
 a. Was a thyroid nodule elastography device used?
 b.  Was a high-frequency linear probe used to perform the elastography?
 c. Was a thyroid nodule elastography color scale used?
 d.  Was the thyroid nodule elastography performed by an experienced operator?
3. Reference standard (thyroid nodule cytology or histology)
 a.  Was cytology or histology of the thyroid nodule used as reference standard?
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Supplemental 3: 
QUADAS-2 tool for 
quality assessment of the 
included studies. The risk 
of bias for the included 
articles and the level of 
concern regarding the 
applicability of included 
articles are shown. Ref, 
reference; J = low risk, L = 
high risk, ? = unclear risk
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Supplemental 4: Meta-analysis
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Editorial

Thyroid nodules are frequently found and pose a dilemma to the clinician, as 
only a few harbor a malignancy, and the majority of nodules are benign. The 
standard work-up of thyroid nodules consists of ultrasound and fine needle 
aspiration (FNA), both having their limitations.1,2  In particular, ultrasound 
lacks criteria for determining whether a nodule is malignant.3 FNA shows good 
sensitivities and specificities, but inconclusive and indeterminate results are 
frequently found, resulting in the need for a diagnostic thyroid lobectomy 
to obtain a final diagnosis.4 In the long lasting search to reduce the number 
of invasive diagnostic procedures, real-time qualitative elastography has 
been proposed to fulfill this need. Elastography determines the elasticity of 
the thyroid nodule. Soft nodules are assumed to be benign, whereas hard 
nodules are considered to be malignant. Qualitative elastography represents 
the elasticity of the nodule in a colored image projected over the ultrasound 
image. Multiple elasticity scoring systems are used, which makes reviewing 
literature challenging. Most common is the 4-point scale developed by Asteria 
et al., in which elastography 1 (ES 1) is assigned to nodules with elasticity in the 
entire nodule, ES 2 is assigned to nodules with elasticity in a large portion of 
the nodule, ES 3 is assigned to nodules with stiffness in a large portion of the 
nodule, and ES 4 is assigned to hard nodules. A cut-off between ES 2 and ES 3 is 
widely accepted to discriminate benign from malignant nodules.5

Studies on thyroid nodule elastography have focused on different target 
populations: 1) patients referred for FNA with the aim to reduce the number 
of FNAs, and 2) patients with an indeterminate FNA result (i.e. Bethesda 
classification III or IV), with the aim to reduce the number of futile lobectomies.
Recently, we performed a meta-analysis of studies that investigated the first 
population: patients referred for FNA. The aim of this study was to determine 
whether elastography could determine the nature of thyroid nodules and 
thereby identify those that require further analysis by FNA.6 In this study, 
analyzing twenty reports including 3908 nodules, two different cut-offs were 
examined. The first was the standard cut-off between ES 2 and 3. The second 
used a cut-off between ES 1 and 2, meaning that only the completely soft 
nodules were considered benign and the rest of the nodules as potentially 
malignant. Both cut-offs showed that elastography is an excellent tool to 
diagnose benignity, with a respective negative predictive value (NPV) of 97% 
and 99%. Based on these outcomes it was concluded that in these cases FNA 
could be omitted safely. However, considering the modest positive predictive 
value (PPV) of only 40% of elastography, this implies that any nodule with an 
elastography score above ES 2 requires further analysis.6 

In the current issue of Endocrine, Trimboli et al. published an extensive 
review and meta-analysis on nodules with an indeterminate FNA.7 Although 
the majority of these nodules are benign, around one in four harbors a 
malignancy.4 Diagnostic lobectomies are often performed to obtain conclusive 
histology. To reduce the number of futile surgeries, it would be of great 
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interest to find a tool that can determine which nodules should be operated 
on. In this meta-analysis, almost 500 thyroid nodules with indeterminate FNA 
derived from eight studies were analyzed. Three of these studies especially 
focused on these particular nodules, while the rest consisted of a subgroup of 
studies investigating the overall performance of elastography. All studies were 
relatively small with a maximum of 142 nodules included. The pooled estimated 
diagnostic parameters are disappointing with a sensitivity of 69%, a specificity 
of 75% and a respective NPV and PPV of 82% and 63%. The heterogeneity 
between the studies was moderate to high in all diagnostic parameters (I2 
65%-95%). Taken together these findings lead to the justified conclusion that, 
for this population, qualitative elastography is not able to guide the clinician in 
his decision-making and that a diagnostic lobectomy should be performed to 
obtain a final diagnosis in all cases. 

There is an apparent difference between the outcome of our meta-
analysis and the meta-analysis of Trimboli et al.6,7 The excellent NPV of 97% for 
elastography in nodules referred for FNA was not reproduced in nodules with 
an indeterminate FNA. Trimboli et al. found a NPV of 82%.7 

The main difference between both meta-analyses is obviously the target 
population: nodules referred for FNA versus nodules with an indeterminate 
FNA outcome. However, it is unclear why this would influence the NPV. The 
higher a priori chance of malignancy in the meta-analysis of Trimboli et al. 
might have lowered the NPV slightly, but this does not explain this significant 
difference. Other potential causes are the relatively small number of included 
studies, the nodules analyzed per study and overall number of analyzed 
nodules. Moreover, the different outcomes could be based on the high 
heterogeneity of the included studies in the meta-analysis by Trimboli. This 
might be caused by publication bias, as suggested by the authors, but as well 
by the classification of nodules as indeterminate, since several studies showed 
that FNA cytopathology is complicated and requires expertise.8 The included 
indeterminate nodules could be influenced by this phenomenon and, therefore, 
be not as homogeneous as desirable. Based on the currently published data, a 
meta-analysis of the studies included by Trimboli et al. with an alternative cut-
off (between ES 1 and 2), like performed in our meta-analysis, was not possible. 
In the future studies focusing on this alternative should be performed. 

At this point, it is uncertain whether the described modest diagnostic 
performance of qualitative elastography of thyroid nodules with an 
indeterminate FNA represents the ground truth or that future studies 
specifically focusing on the indeterminate thyroid nodules will reveal better 
results. We propose that such future studies should be done using the novel, 
more advanced quantitative elastography techniques, such as Shear Wave 
Elastography and Acoustic Radiation Force Impulse Imaging. These techniques 
have been shown to have promising accuracy results for malignancy, said 
to be less operator dependent and more consistent, although they have not 
been studied extensively in indeterminate nodules specifically.9 Another topic 
of future studies could aim to evaluate the combination of ultrasound and 
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elastography scoring systems to guide the necessity of FNA in the ES positive 
nodules.10,11 

In conclusion, qualitative elastography can replace fine needle aspirations 
in patients with (nearly) complete soft thyroid nodules, but its role in guiding 
clinicians in case of indeterminate cytology remains to be determined. 
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Abstract 

Objective
Nondiagnostic cytology is the most important limitation of thyroid ultrasound-
guided fine needle aspiration (US-FNA). The current study aimed to identify 
factors associated with adequacy rate of thyroid US-FNA. 

Study Design
Consecutive thyroid US-FNAs (2006-2013) were retrospectively included. 
Attending radiologists, radiology fellows and radiology residents performed 
US-FNA, usually involving 2-3 needle passes. During more recent years, rapid 
on-site adequacy assessment (ROSAA) was performed to ensure specimen 
adequacy. Ultrasound characteristics, procedural variations and cytology 
results were extracted from ultrasound and pathology reports and statistically 
evaluated. 

Results
Diagnostic cytology was obtained in 64.6% of 1.381 included thyroid US-FNAs. 
Factors associated with nondiagnostic cytology were ROSAA (74.6% diagnostic 
cytology, OR 0.55, 95% CI 0.42-0.71), a third clinic visit or more for US-FNA 
of the same thyroid nodule (54.7%, OR 1.56, 95% CI 1.16-2.10) and increased 
intranodular vascularization (51.8%, OR 1.73, 95% CI 1.17-2.57). With ROSAA an 
increasing number of needle passes demonstrated improving adequacy rates. 
The adequacy rate was not operator dependent. 

Conclusion
This study demonstrates that ROSAA improves the adequacy rate of thyroid 
US-FNA. Without ROSAA, we recommend performing at least 3 needle passes. 
Less diagnostic cytology is obtained from nodules with increased intranodular 
vascularization or from those undergoing US-FNA for the third time or more.  
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Introduction

Prevalence of thyroid nodules on ultrasound (US) is reported as high as 30-
70%. As only 5% harbor a malignancy, fine needle aspiration (FNA) is essential 
for their evaluation.1-4 Adequate cytological diagnoses provided by FNA have 
resulted in a reduction of futile surgeries for benign thyroid nodules of up to 
50%.1,2,5

Although safe and cost-effective, the most important limitation of thyroid 
FNA is its high rate of nondiagnostic cytology with reported rates up to 
34%.1,2,6-11 The established definition for adequate cytology is the presence of at 
least six follicular cell groups, each containing 10-15 cells, preferably obtained 
from at least two aspirates of a nodule.2,12,13 Nondiagnostic cytology leads to 
repeat FNA procedures, futile diagnostic hemithyroidectomies and associated 
additional costs. Rapid on-site adequacy assessment (ROSAA) during the 
FNA procedure provides immediate feedback and allows for repeat aspirates 
to ensure specimen adequacy. Studies evaluating the added diagnostic value 
of ROSAA consistently demonstrated that ROSAA decreases the rates of 
nondiagnostic specimens and false-negative cytology, and the necessary 
number of needle passes.4,9,10,14-17

Other factors that have been associated with nondiagnostic US-FNA 
results, are cystic content of a thyroid nodule, poor slide preparation with 
smears too thick, blood obscuring visualization of follicular cells, poor 
specimen fixation or inadequate staining technique.1,6,16,18 Modified or 
alternative techniques, such as using a different type and size of the biopsy 
needle or additional liquid based cytology, are related to better adequacy 
rates.19-22 Also, both experience-based operator dependency as well as inter-
observer variance among cytotechnologists and cytopathologists have 
repeatedly been demonstrated. 23-26 

This study was designed to evaluate the adequacy rate of all thyroid 
ultrasound-guided FNAs (US-FNAs) at our hospital and to identify factors 
associated with nondiagnostic cytology. Specifically, we hypothesized that 
performance of thyroid US-FNA by an experienced radiologist or with 
additional ROSAA would improve adequacy rates. 

Materials and Methods

Patient Selection
With approval by the local Institutional Medical Ethics Committee, all 
consecutive thyroid US-FNAs in adult patients between 2006 and 2013 at the 
University Medical Center Utrecht were retrospectively included. Data were 
extracted from both US and cytopathology reports. Data recorded included 
the operator of the US-FNA, whether ROSAA was performed, number of 
aspirates during one procedure, thyroid nodule US characteristics, and 
number of clinic visits for repeated US-FNA of the same thyroid nodule. Four 
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groups were used to categorize the 127 operators: 107 radiology residents, 13 
radiology fellows, six attending radiologists (with 5-20 years of experience) and 
a separate category for our single most experienced radiologist (over 20 years 
of experience). US-FNAs were excluded when it concerned residual tissue after 
previous thyroid surgery.

US-FNA procedure
US was performed using a Philips iU22 Ultrasound System (Philips Healthcare, 
Eindhoven, the Netherlands) with a linear 12- to 5-MHz transducer. FNA was 
performed using either a 21-gauge, 1.5 inch (BD Microlance™ 3, nr. 2) or a 
23-gauge, 1.25 inch needle (BD Microlance™ 3, nr. 14; Becton, Dickinson and 
Company, Breda, the Netherlands). If a cytotechnologist was present for 
ROSAA, for each needle pass direct smears were made, air dried and stained 
with the Diff-Quik method. Immediate microscopic review of the slides 
determined the cytological adequacy based on presence of a minimum of six 
follicular cell groups of 10-15 cells.2,12,13 In case of an inadequate specimen and 
if time and patient comfort allowed, an additional aspirate was obtained and 
ROSAA repeated. The number of aspirates was registered. Finally, all obtained 
cytology was submitted to the cytopathology department for definite analysis. 
If no cytotechnologist was present, direct smears were made, marked and 
submitted unstained. Two needle passes were standard procedure for US-FNAs 
without ROSAA.

Cytologic assessment
At the cytologic laboratory May-Grünwald-Giemsa staining was applied to all 
smears. Any additional residual material, placed in a container of CytoLyt® 
solution (Cytyc Corporation, Marlborough, MA) during US-FNA, was processed 
using the Papanicolaou stain. Descriptive pathology reports were drafted 
for each specimen. Smears that could not be interpreted due to quantitative 
or qualitative reasons were classified as ‘nondiagnostic’. The reports were 
descriptive and no further distinct diagnostic categories were reported.

Statistical analysis
Data analysis was performed using IBM SPSS Statistics (version 20.0; IBM 
Corp, Armonk, NY). Contingency tables were constructed to compare the 
different variables to the cytological outcome (diagnostic or nondiagnostic). 
Chi-squared (�2), Fisher’s exact and independent samples t-tests were used 
for categorical data, categorical data plus small sample sizes, and continuous 
or numeric data, respectively. A p-value <0.05 was considered statistically 
significant. Multivariate analysis was performed for all factors significant on 
cross tabulation. The Wald test was used to reduce the multivariate model until 
solely factors that were independently and significantly associated with the 
outcome remained.
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Table 1. Results for all thyroid FNAs. Demographics, procedural 
variations and sonographic characteristics of all thyroid US-FNAs 
(n = 1381), and comparison of all variables according to diagnostic or 
nondiagnostic cytology result

     Nondiagnostic  Diagnostic  p value

FNAs performed (n = 1,381)   35.4 (489)   64.6 (892)
Sex, female    35.7 (424)   64.3 (765)   0.627
Age, years     54.1 ± 14.1   52.8 ± 14.0  0.101

Procedural variations
Clinic visit for thyroid US-FNA
 1st     33.0 (249)   67.0 (506)   0.001
 2nd     33.8 (128)   66.2 (251)
 3rd or more    45.3 (112)   54.7 (135)
Operator of US-FNA
 Radiology resident   36.1 (338)   63.9 (597)   0.576
 Radiology fellow   29.7 (35)   70.3 (83)
 Most experienced radiologist X  35.8 (77)   64.2 (138)
 Other attending radiologists  34.5 (39)   65.5 (74)
Rapid on-site adequacy assessment
 No     39.7 (384)   60.3 (583)   <0.001
 Yes     25.4 (105)   74.6 (309)

Thyroid nodule characteristics
Maximum diameter, mm   25.8 ± 13.6   27.1 ± 13.6   0.120
Nodularity
 Solitary    32.5 (102)   67.5 (212)   0.292a

 Multinodular    36.4 (385)   63.6 (672)
 Unknown    20.0 (2)   80.0 (8)
Consistency
 Solid     27.6 (47)   72.4 (123)   0.054
 Mixed solid-cystic   36.5 (107)   63.5 (186)
 Cystic    29.8 (34)   70.2 (80)
 Unknown    37.4 (301)   62.6 (503)
Sonographic appearance
 Hypoechogenic    36.9 (58)   63.1 (99)   0.813
 Isoechogenic    28.9 (11)   71.1 (27)
 Hyperechogenic   37.8 (14)   62.2 (23)
 Unknown    35.3 (406)   64.7 (743)
Homogeneity
 Homogenous    30.8 (4)   69.2 (9)   0.816b

 Inhomogenous    34.2 (119)   65.8 (229)
 Unknown    35.9 (366)   64.1 (654)
Increased intranodular vascularization
 Yes     48.2 (54)   51.8 (58)   0.006
 No     25.5 (12)   74.5 (35)
 Unknown    34.6 (423)   65.4 (799)
Intranodular calcifications
 Yes     32.8 (44)   67.2 (90)   0.324
 No     26.9 (14)   73.1 (38)
 Unknown    36.1 (431)   63.9 (764)

a mean ± SD.  b Calculated using Fisher's exact test.
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Results

In total, 1381 thyroid US-FNAs (mean maximum nodule diameter 26.7 ± 13.6 
mm) were included in the study (Table 1). These were performed in 682 
patients (86% female, mean age 53.3 years (SD ± 14.1). Diagnostic cytology was 
obtained in 892 (64.6%). Benign cytology was reported in 793 (57.4%) cases, 
54 (3.9%) had cytology of undetermined significance, including atypia and 
follicular or hurtle cell proliferations, and 45 (3.3%) were suspicious or positive 
for malignancy. 

Cytological adequacy 
Cytological adequacy was significantly higher with performance of ROSAA 
(309/414, 74.6%) than without it (583/967, 60.3%, p<0.001)(Table 1). The 
first and second clinic visits for US-FNA of the same thyroid nodule yielded 
similar rates of adequate cytology (67.0% vs. 66.2%, respectively), but third 
and subsequent visits less often resulted in a diagnostic specimen (54.7%, 
p<0.001). Increased intranodular vascularization on Doppler US was associated 
with a significantly higher nondiagnostic rate (48.2%, p=0.006). Other US 
characteristics, such as nodule size and consistency, showed no significant 
association. Finally, no operator dependency was demonstrated. The mean 
number of US-FNAs performed by each operator group was 8.7 (range: 1-31) for 
radiology residents, 9.0 (range: 1-19) for radiology fellows and 18.8 (range: 1-45) 
for attending radiologists. Our single most experienced radiologist performed 
215 US-FNAs.

Multivariate analysis
Multivariate analysis revealed significant association with nondiagnostic 
cytology for three or more clinic visits (OR 1.56, 95% CI 1.16-2.10), ROSAA (OR 
0.55, 95% CI 0.42-0.71) and strong intranodular vascularization (OR 1.73, 95% 
CI 1.17-2.57) (Table 2). 

Number of needle passes
Additionally, subanalysis was performed of the number of needle passes per 
procedure. This was only registered for US-FNAs when ROSAA was performed. 
A mean number of 1.75 needle passes (SD ±0.86) was needed to acquire a 
diagnostic specimen. With three or less aspirates, 72.0% (298/414) of all US-
FNAs were diagnostic, while this was 59.7% (247/414) in case of two or less 
aspirates (Figure 1).
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Discussion

Despite its reliability and cost-effectiveness for distinguishing between 
benign and malignant thyroid nodules, the nondiagnostic rate of thyroid FNA 
- varying from 2-34% in literature - remains a major clinical issue.1,2,6-10,19 The 
current study identified multiple factors that were significantly associated with 
adequacy rate: adequacy increased with ROSAA, but decreased with three or 
more clinic visits and strong intranodular vascularization.

Consistently higher adequacy rates of thyroid FNA with ROSAA have led 
to recommendations for its routine application.4,9,10,15,16,27 The absolute 14.3% 
(39.7% to 25.4%) decrease in nondiagnostic rate that our study demonstrated 
is larger than the average of 9% that was reported in a meta-analysis by Witt 
et al[28]. This result supports their finding that the increase in adequacy rate 
with ROSAA is correlated with the adequacy rate without ROSAA, and that 
adequacy improves more when the initial nondiagnostic rate is higher.28 

Before ROSAA was implemented, common practice at our institution 
was to acquire no more than two aspirates per FNA procedure. This resulted in 
60.3% adequate cytology. Subanalysis of our results demonstrated that 72.0% 
diagnostic specimens were obtained when ROSAA was combined with three 
or fewer needle passes. This was 59.7% with ROSAA and two needle passes 
or fewer - similar to the former adequacy rate. Without ROSAA the operating 
radiologist blindly estimates the number of needle passes needed for adequate 
cytology. More aspirates then likely result in higher adequacy rates. Studies 
that performed 4 to 6 passes as standard protocol reported nondiagnostic 
rates as low as 5.5%.17,29,30 By providing feedback for immediate repeat biopsies 
and/or redirection of the needle within the thyroid nodule, ROSAA might not 
only improve adequacy, but also decrease the necessary number of needle 

     OR adj.  (95% CI)  p-value

Clinic visit for thyroid US-FNA
 1st    1  ref.
 2nd    1.01  (0.77 - 1.31)  0.950
 3rd or more   1.56  (1.16 - 2.10)  0.003

Rapid On-Site Adequacy Assessment
 No    1  ref.
 Yes    0.55  (0.42 - 0.71) <0.001

Increased intranodular vascularisation
 No or unknown   1  ref.
 Yes    1.73  (1.17 - 2.57)  0.006

OR adj.: adjusted odds ratio. CI: confidence interval.

Table 2. Multivariate analysis
Adjusted odds ratios for variables associated with nondiagnostic cytology
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Figure 1. US-FNA adequacy rate (%) compared to cumulative 
number of needle passes

passes for institutions where protocol prescribes acquiring relatively many 
aspirates.17 However, we propose that solely obtaining more aspirates per 
nodule – without ROSAA – might achieve an equal improvement in adequacy 
rate. Hereby minimizing additional costs, effort and procedure time, this might 
be the preferred, more cost-effective option for some institutions instead of 
implementing ROSAA. We would recommend performing at least 3 to 4 needle 
passes.

The influence of operator experience on adequacy rate was not 
demonstrated in the current study, despite vast evidence of operator 
dependency in literature - for FNA of the thyroid as well as other organs.9,24,26 
Ljung et al. defined an experienced operator as one who performs at least 100 
FNAs of various body sites per year.26 For thyroid FNAs specifically, it has been 
suggested that an operator has to perform at least 200 procedures before 
achieving high adequacy rates.9,24,30 As more than one hundred operators 
performed the thyroid US-FNAs in our study (most of whom were radiology 
residents), the individual and general level of experience was limited and 
may have had a negative effect on the overall diagnostic rate. Even our most 
specialized radiologist merely performed 215 out of 1381 thyroid US-FNAs 
over the course of eight years, an average of 27 procedures per year with a 
success rate similar to the mean (64.2% vs. 64.6%). Centralizing thyroid FNA 
procedures to specialized centers and educating a small number of dedicated 
head-and-neck radiologists could substantially improve adequacy rates by 
reducing the influence of operator inexperience.25,26 

The current study demonstrated that strong intranodular vascularization 
on Doppler US was significantly associated with lower adequacy rates. Other 
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studies confirm what we experience in daily practice: blood contamination 
is one of the main qualitative reasons for nondiagnostic thyroid cytology 
and FNA of a hypervascular nodule will often result in bloody aspirates.4,19 
Yet, strong intranodular vascularization is rarely mentioned in literature as a 
predictor of nondiagnostic cytology.31 It is, however, described as a possible 
predictor of malignancy, emphasizing the need for adequate cytology.7,12,32 In 
contrast to the results of previous studies, other US characteristics, such as 
consistency or nodule size, were not significantly related to the adequacy rate 
of thyroid US-FNAs in our study.6,33

Even though the subsequent clinic visits after the second US-FNA were 
related to a significantly lower adequacy rate, nevertheless, a third or fourth 
US-FNA still yielded diagnostic cytology for a substantial 54.7% of patients in 
our population. Cost-benefit analysis, consequences and associated morbidity 
of surgical intervention, as well as risks associated with delayed treatment 
for undetected malignancies, cause a clinical dilemma of deciding between 
diagnostic surgery or an additional FNA.34 A diagnostic hemithyroidectomy 
is recommended for nodules with a repeatedly nondiagnostic US-FNA and 
suspicious US or clinical characteristics, because approximately 10% harbor 
a malignancy.5,27 Weighing the low risk of aggressive thyroid cancer against 
the roughly 50% prevented surgeries upon diagnostic cytology of the third 
US-FNA, we believe that performing a third US-FNA is beneficial and safe, 
provided that the time interval between subsequent US-FNAs is appropriately 
minimalized. 

The ultimate goal of this study was to improve the adequacy rate of 
thyroid US-FNA at our hospital by first addressing those factors that could 
improve quality with minor adjustments or minimal additional resources. 
Moreover, our study shows the value of institutional assessment of quality of 
care. We believe that quality assessment of the existing primary diagnostic 
tools should always be done before more complex measures are added to 
the diagnostic routine. The resolution might be as simple as performing a 
few extra needle passes per procedure, leaving additional diagnostics such 
as molecular testing for BRAF mutations – promising but costly – for the 
fewer cases that remain nondiagnostic despite improved basic procedures. 
Guidelines for improvement – like the ones existing for breast cancer – could 
support this process.35 Nevertheless, it starts with a critical assessment of 
the institution’s own performance and acknowledgement of the bottlenecks. 
The 35% nondiagnostic rate in our study might not be as exceptionally high 
as it seems compared to previously published rates. Large inter-institutional 
variations indivertibly exist, but publication bias presumably leaves worse 
rates unpublished and the general nondiagnostic rate higher than the reported 
average of 17%.28,36 
The most important limitation of this study was its retrospective design. 
Data regarding multiple variables were missing for many US-FNAs, mostly US 
characteristics due to limited reports. Also amongst these were the number of 
needle passes for most non-ROSAA US-FNAs, impeding full evaluation of our 
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hypothesis regarding number of needle passes in this subset.
Secondly, even when ROSAA was performed, US-FNA procedure 

was often discontinued before adequate material was acquired. Possible 
reasons for this are time limitations for one procedure, repeatedly bloody 
specimens, patient stress and discordance between on-site and final adequacy 
assessments. Further research is needed at our institution to analyze the 
optimal number of needle passes and its presumed relation to the adequacy 
rate with and without ROSAA. 

Potential confounders were addressed during data collection and analysis. 
Other than the procedural variations analyzed, no differences in US-FNA or 
cytology assessment procedures were demonstrated throughout the years. 
A potential confounding factor is that our most experienced radiologist 
was specifically requested as operator for a number of thyroid FNAs, 
mostly repeated procedures. Performing the more difficult FNAs may have 
deteriorated his adequacy rate. This possible relation could not be objectified 
due to limited reports. 

 

Conclusions 

This study demonstrated that ROSAA improved the adequacy rate of thyroid 
US-FNA. When ROSAA is not performed, we recommend obtaining three or 
more aspirates. Diagnostic cytology is less often obtained from nodules with 
increased intranodular vascularization or during US-FNA that is performed for 
the third time or more. Adequacy rate of thyroid US-FNA was not operator 
dependent in this study. Almost equally important, the results of our study 
underline the importance of institutional quality assessment of basic diagnostic 
procedures.
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Correspondence

With great interest we read the article of Kleiman et al. addressing the 
putative added value of preoperative BRAF(V600E) analysis on the initial 
surgical strategy.1 As the basic surgical strategy for indeterminate thyroid 
nodules differs between many US centers and Europe, we propose that the 
data of Kleiman et al. might lead to an opposite conclusion regarding the use 
of preoperative BRAF testing in the European setting. To substantiate this 
hypothesis, we have used data from the Netherlands Cancer Registry.  

As pointed out by Kleiman et al., the standard surgical approach to 
indeterminate thyroid nodules in the USA is to perform a total thyroidectomy 
on all patients with Bethesda category V and on all nodules with “worrisome 
cytologic features”, eg. nuclear grooves and pseudoinclusions. As 12 of the 
13 BRAF mutants had already undergone total thyroidectomy as the initial 
procedure based on the cytology, routine preoperative BRAF testing would 
have altered surgery in only one patient. 

In contrast to the situation in many US centers, in the Netherlands, as 
well as in large parts of Europe, a diagnostic hemithyroidectomy is performed 
routinely on all patients with indeterminate FNA results. When the final 
histology reveals malignancy a completion thyroidectomy is done as second 
stage operation.  

In the Netherlands 459 patients were diagnosed with DTC in 2011. In 
their flowchart (figure 1) Kleiman et al did not differentiate between Bethesda 
category III/IV and Bethesda category V. Nonetheless, we could extract this 
from the text and tables. In short, 36 (12%) of the indeterminate results were 
Bethesda category V, of those 36, 26 (72%) were malignant, and of those 26, 
11 (31%) were BRAF positive. When we apply these results to our nationwide 
data, using the same distribution of relative ratios as found by Kleiman, we 
would have had 42 patients with Bethesda category V.  Of those 42 patients, 
30 (72%) would have had a malignancy, 13 of which (31%) would comprise a 
BRAF(V600E) mutation. Hence, by performing preoperative BRAF(V600E) 
analysis in the group of patients with Bethesda category V, these 13/42 patients 
(31%) would have benefited as their initial surgical treatment would have been 
changed to total thyroidectomy, and a two-stage procedure could have been 
avoided. This would involve a serious benefit, including a shortened period of 
uncertainty for the patient, avoidance of a second operation, and a significant 
reduction of the time between diagnosis and final treatment. Of course, we 
realize that our analysis is not statistically flawless. For practical reasons, we 
have relied on the assumption that cytology scores in our country are not 
significantly different from those in the USA. This assumption is supported 
by two other studies, describing comparable ratios of indeterminate cytology 
results and BRAF(V600E) positivity.2,3 

Subsequently, we performed a rough estimate as to whether the 
BRAF(V600E) mutation analysis could be cost-effective. If only nodules with 
Bethesda category V are tested, 42 BRAF(V600E) tests have to be performed 

thesis_binnenwerk_29AUG16_DEF_DEF_wit.indd   79 30/08/16   09:27



80
PA

RT
 1 

 | 
 C

H
A

P
TE

R
 5

to detect 13 BRAF(V600E) mutations. A calculation based on the costs of hemi- 
and total thyroidectomy in our institution showed that this would not lead to a 
significant increase in costs.  

Based on the notion that the Dutch approach is comparable to the 
strategy of large parts of Europe the introduction of preoperative BRAF testing 
on Bethesda category V nodules could make a difference: a considerable 
amount of patients might be spared unnecessary two stage surgery without 
increasing the total costs of the treatment. We therefore propose that the 
impact of preoperative BRAF(V600E) testing of indeterminate thyroid nodules 
on initial surgical management is predominantly dependent on the routine 
initial surgical strategy adhered to. 
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Abstract

Background
After initial treatment of differentiated thyroid carcinoma (DTC) patients are 
followed with regular thyroglobulin (Tg) measurements to detect a possible 
recurrence. In case of elevated levels of Tg and negative neck ultrasonography, 
patients are treated “blindly” with Iodine-131 (131I). However, in up to 50% of 
patients, the post-therapy whole body scan reveals no 131I-targeting of tumor 
lesions. Such patients derive no benefit from the blind therapy but are exposed 
to its toxicity. Alternatively, iodine-124 (124I) Positron Emission Tomography/
Computed Tomography (PET/CT) has become available to visualize DTC lesions 
and without toxicity. In addition to this, 18F-luorodeoxyglucose (18F-FDG) PET/
CT detects the recurrent DTC phenotype, which does not accumulate iodine or 
has lost that capacity. Taken together, the combination of 124I and 18F-FDG PET/
CT has potential to stratify patients for treatment with 131I.

Methods/Design
In a multicenter prospective observational cohort study the hypothesis that 
the combination of 124I and 18F-FDG PET/CT can avoid futile 131I treatments in 
patients planned for ‘blind’ therapy with high activity of 131I, is tested. 

One hundred patients planned for 131I undergo both 124I and 18F-FDG 
PET/CT after rhTSH stimulation. Independent of the outcome of the scans, 
all patients will subsequently receive, after thyroid hormone withdrawal, the 
planned 131I therapy. The post 131I therapeutic scintigraphy will be compared with 
the outcome of the 124I and 18F-FDG PET/CT in order to evaluate the diagnostic 
value of the combined PET modalities.

This study primary aims to reduce the number of futile 131I therapies. 
Secondary aims are the nationwide introduction of 124I PET/CT by a quality 
assurance and quality control (QA/QC) program, to correlate imaging outcome 
with histopathological features, to compare 124I PET/CT after rhTSH and after 
withdrawal of thyroid hormone, and to compare 124I and 131I dosimetry. 

Discussion
This study aims to evaluate the potential value of the combination of 124I 
and 18F-FDG PET/CT in the prevention of futile 131I therapies in patients with 
biochemically suspected recurrence of DTC. To our best knowledge no studies 
addressed this in a prospective cohort of patients. This is of great clinical 
importance as a futile 131I is a costly treatment associated with morbidity 
and therefore should be restricted to those who will likely benefit from this 
treatment.
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Background

Differentiated thyroid cancer (DTC) is the most frequent endocrine tumor, 
with an annual incidence per 100.000 individuals of 1 – 3 in men and 2 – 4 in 
women.1 In general, DTC has an excellent prognosis, and only 5 to 10% will die 
of their disease.2,3 Prognosis is less favorable when the disease recurs after 
primary treatment. Local or regional recurrence occurs in 5 – 20% of patients.4 
Distant metastases develop in up to 10%, usually in the lungs and bones.5 
Recurrences are usually detected during the early years of follow-up, but may 
occur years later.6 As in many diseases, early detection of recurrence improves 
outcome and survival, because limited disease load may allow surgical 
resection and/or effective treatment with radioactive iodine (131I). Follow-up is 
therefore necessary throughout the patients’ life. Therefore, even though DTC 
incidence is low, many patients are currently under surveillance for a possible 
recurrence (estimated 500.000 in the United States).7,8

The serum marker Thyroglobulin (Tg) plays a pivotal role in the follow-
up of differentiated thyroid cancer. Serum Tg should be undetectable in DTC 
patients following effective thyroid remnant ablation with 131I, so that any 
detectable level reflects (neoplastic) thyroid tissue.9 The level of serum Tg 
is related to the amount of neoplastic thyroid tissue; it has been estimated 
that 1 g of neoplastic thyroid tissue corresponds with a serum Tg of 1 ng/
ml during thyroid hormone replacement therapy, and with 2 – 10 ng/ml 
following recombinant human thyroid hormone stimulating hormone (rhTSH) 
stimulation.10,11 A serum Tg cut-off level ≥ 2 ng/ml following rhTSH is highly 
sensitive to identify patients in whom persistent tumor may be found with 
imaging techniques.12,13

When recurrent DTC is suspected because of serum Tg above the cut-
off level, several imaging tests may be performed to detect the exact sites of 
recurrence. The sodium/iodide symporter (NIS) mediates iodide uptake in the 
thyroid gland and thyroid cancer cells.14 The ability of the thyroid to accumulate 
Iodide via NIS is the basis for scintigraphic thyroid imaging with radioiodine 
(using the gamma-emitting 123I) as well as for therapy using the beta-emitter 
131I, which targets and destroys iodide-transporting benign and malignant 
thyroid cells. In thyroid cancer, the primary therapy is total thyroidectomy, 
which in practice is near-total to spare adjacent nerves and parathyroids. 
Postoperatively, 131I is used to ablate these postoperative thyroid remnants, 
and to detect (using post 131I whole body scintigraphy) and treat potential 
metastases.15-17 With this approach, highly selective radiation doses can be 
achieved in tumor tissue, often much higher than with external radiotherapy. 

Historically, the follow-up of patients with DTC included scintigraphy 
after a low activity of 131I if serum Tg was elevated, but this is no longer 
recommended because of poor sensitivity.18-23 To date, whole body scintigraphy 
after ‘blind’ administration of high ‘therapeutic’ activity of 131I is performed 
in these patients, during withdrawal of thyroid hormone replacement to 
stimulate uptake of iodine in cells of thyroidal origin, both to diagnose and re-
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stage the potential recurrence and to initiate its treatment.18,24-28 This strategy 
can be effective, but an estimated 38% - 50% of patients will have a negative 
post-therapeutic 131I whole body scan and/or no objective therapy effect.29,30 
Such patients will have received a total body irradiation of 450 millisievert 
(mSv) and may have suffered from side effects such as nausea, sialoadenitis, 
loss of taste, or reduced spermatogenesis. Furthermore, their risk of secondary 
malignancies has increased.31,32 All induced by a treatment from which they 
derived no benefit. Also, the prolonged thyroid hormone withdrawal and 
subsequent hypothyroidism necessary for 131I therapy have major impact on 
quality of life, with a majority of patients suffering from significant changes in 
physical, psychological, and social well-being.33-37 The high frequency of high 
activities 131I from which patients do not derive any benefit but are exposed to 
its toxicity and potential adverse oncological effects, has led to a search for 
new diagnostic tools to improve the selection of patients for such treatment.

Nowadays, ultrasound of the neck is applied to detect a local recurrence 
or regional lymph node metastases allowing direct biopsy to confirm the 
diagnosis. Nonetheless, ultrasound is limited to the neck only, and when 
negative in the presence of detectable Tg, whole body evaluation is required.

Recently, Iodine-124 (124I) has become available as a novel radionuclide 
for whole body Positron Emission Tomography/Computed Tomography 
(PET/CT) in the follow-up of DTC38-41, with a promising diagnostic accuracy 
and a considerably lower radiation exposure than whole body scintigraphy 
after therapeutic activity of 131I.39 Furthermore, recent experience has shown 
that 124I PET/CT images may be representative for the biodistribution and 
radiation dosimetry of subsequent therapy with 131I.42,43 Thus, 124I PET/CT may 
allow for more accurate restaging of patients in a whole body procedure, 
perform dosimetry for subsequent 131I therapy and predict the outcome of the 
treatment. However, some recurrent DTC lesions do not accumulate iodine, 
which is correlated with tumor dedifferentiation and this implies a poor 
prognosis.5 Patients suspected of non-iodine accumulating DTC, so far only 
evident after futile blind 131I therapy, require restaging before local or systemic 
therapy may be applied. Metabolic PET imaging with the glucose analogon 
18F-fluorodeoxyglucose (18F-FDG), especially during (rh)TSH stimulation, has 
a high sensitivity to detect recurrent DTC in patients with detectable Tg and 
negative iodine scintigraphy.44 It may correlate with a more aggressive tumor 
behavior and poor prognosis45, and can help to select patients for other 
treatment modalities (surgery, external beam radiotherapy or multikinase 
inhibitors46-48). 18F-FDG PET/CT is currently applied only when prior treatment 
and imaging with therapeutic activity of 131I has proven to be ineffective.49 The 
value of 18F-FDG PET/CT before 131I treatment has not been tested.

At the biological level, 124I and 18F-FDG uptake is related to expression 
of the sodium iodine symporter (NIS)16, while 18F-FDG uptake is related to 
hexokinase-I (HKI) and Hypoxia-inducible factor 1-alpha (HIF-1α) activity.50,51 
The evaluation of the relation of 124I and 18F-FDG PET/CT imaging findings 
and histopathological parameters (such as thyroglobulin, TTF1, Ki-67 and 
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Cytokeratine-19 staining) and response to 131I treatment will give more insight 
in the fundamental knowledge about DTC. 

The present study aims to test the power of combined for detect and 
characterize DTC lesions in patients  with suspected recurrence. Based on 
the characteristics of 124I and 18F-FDG PET/CT, it is reasonable to assume that 
a combined strategy of imaging and histopathological evaluation at the time 
of suspected recurrence will yield adequate information on the disease stage 
prior to treatment with 131I, regardless of tumor dedifferentiation, with a 
potential impact on clinical decision making. The combination of both entities 
has been suggested in proof of concept studies52, illustrated in figure 1, but 
needs proper testing, to increase fundamental knowledge about DTC and 
further improve treatment.

The multicenter design of this study requires highly standardized 
procedures for 124I PET/CT. Previously nationwide standardization was done 
for 18F-FDG PET/CT in the Netherlands, which eventually evolved into the 
European EARL accreditation system.53,54 In order to compare the scans 
between centers calibration and standardization of the 124I PET/CT scans prior 
to the start of the study will be done a in quality assurance and quality control 
(QA/QC) program. 

In summary, therapy with high activities of 131I for recurrent DTC 
is effective in many cases, but the current blind approach also leads to 

Figure 1: Images from two different patients scanned with both 124I and 18F-FDG 
PET/CT. The 124I PET/CT of patient 1 (1a) shows multiple 124I negative pulmonary 
nodules, which are evidently 18F-FDG positive (1b). The thoracic wall lesion of 
patient 2 is clearly 124I avid (1c) and showing no uptake on the FDG-PET/CT.
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overtreatment, delay, and unnecessary decrease in quality of life in a significant 
number of cases. As we described, a combination of diagnostic tests has a 
potential to allow earlier and better restaging and selection for treatment. 
The proposed trial aims to test the value and optimal implementation of these 
new tests, standalone and in combination, to derive parameters for a new 
personalized strategy for diagnosis and treatment of patients with (suspected) 
recurrent DTC. 

Methods and design

Study objectives
The primary aim of the study is to evaluate the value of combined imaging 
with 124I and 18F-FDG PET/CT in the prevention of futile treatment with high 
therapeutic activity of 131I. Interpretation of both PET-scans will lead to a 
positive or negative treatment proposal. This will be compared with the actual 
response on therapy. The definition of a futile treatment will be a negative post 
blind 131I therapy scintigraphy. 

We define four secondary aims. Firstly, our aim is to organize a 
synchronized introduction and QA/QC of 124I PET/CT in the Netherlands. More 
specifically, we aimed to create a procedure for the cross-calibration of 124I 
PET/CT in a multicenter setting, which guarantees reliable and comparable 
quantification, and is practical to use. The procedure should result in 
calibration factors per scanner and an indication of a measurement threshold 
of the scanner, which is defined as the lowest activity that can be reliably 
quantified. The measurement threshold will be determined per vendor.

Secondly, translational correlation of 124I and 18F-FDG PET/CT with 
histopathology (where available) and treatment outcome will be done, in an 
explorative setting. The outcome of the treatment is defined as a positive or 
negative post-therapy scan. This scan and both 124I and 18F-FDG PET/CT will be 
correlated with histopathological features. The expression of different markers 
will be quantified in the samples. In this way we aim to determine which 
histopathological features of both primary tumor and metastatic lesions can 
predict outcome of the scans.

Thirdly, the study aims to investigate whether 124I PET/CT has the same 
diagnostic, dosimetric and prognostic yield during stimulation with rhTSH as 
with hormone withdrawal combined with low-iodine diet. Because 124I PET/CT 
will be performed both after stimulation with rhTSH and after withdrawal from 
levothyroxine it is possible to determine any differences in outcome from the 
two scan preparation strategies. Both visual assessment as the quantifiable 
data will be compared. As simultaneous administration of 131I and 124I is required 
this can only be done in selected. 

Fourthly, we aim to compare 124I PET/CT and 131I scintigraphy dosimetry 
and correlate the results with clinical outcome. As 124I-PET cannot be 
considered as the golden standard for dosimetry of iodine therapy the 
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dosimetry based on 124I-PET will be compared with 131I-scintigraphy dosimetry. 
An additional phantom study will be performed to correlate the results.

Study design
This study is designed as a nationwide multicenter observational cohort 
study. The study population includes patients with biochemically suspicion 
(i.e. increase Tg levels) of recurrence of their previously completely removed 
thyroid carcinoma without evidence of local recurrence, planned for ‘blind’ 
therapeutic activity of 131I. 
The patients to be included in the study should meet the following inclusion 
criteria:
1. Patients with a history of differentiated thyroid cancer
2.  After complete thyroidectomy and ablation of functional remnants 

with 131I.
3.  Planned for ‘blind’ treatment with high activity of 131I based on 

biochemically suspected recurrence, defined as a Tg-level above 2.0 
ng/ml.

4.  Ultrasonography of the neck performed < 2 months prior to inclusion. 

If one of the following criteria is met patients will be excluded from the study:
1. Age < 18 years
2. Pregnancy
3. Incapacitated subjects
4.  Contrast enhanced CT performed < 4 months prior to inclusion 
5.  131I therapy performed < 12 months prior to inclusion
6.  Indication for other therapy modality (i.e. surgery in case of a positive 

ultrasonography, radiotherapy, embolization or chemotherapy)
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Study endpoints
Primary endpoint is the number of futile high-dose 131I treatments that could 
have been avoided by implementation of pre-therapy imaging based on post-
therapy scintigraphy

Four secondary endpoints were defined: (1) Synchronized QA/QC of 
124I-PET in the Netherlands,

(2) correlation of 124I-PET/CT and FDG-PET/CT with histopathological 
parameters, (3) correlation between 124I-PET/CT findings during rhTSH and 
withdrawal combined with low-iodine diet and (4) correlation between 124I‐PET/
CT and 131I‐scintigraphy dosimetry

Study procedures
The study consists of four phases: pre-therapy, between pre-therapy and 
therapy, therapy and follow-up phase. For each phase the main study 
procedures are described below. Figure 2 shows an overview of the most 
important procedures.

Pre-therapy phase
Patients with biochemically confirmed recurrent DTC, will undergo 18F-FDG 
and 124I PET/CT imaging after pre-treatment with two injections of rhTSH. 
18F-FDG will be administered and 18F-FDG PET/CT will be performed 60 minutes 
post injection. Subsequently, 74 megabecquerel (MBq) of 124I is administered 
intravenously. 124I PET/CT scans are then performed 24 and 96 hours after 
administration of 124I.

Between ‘pre-therapy phase’ and ‘therapy phase’
If either the 18F-FDG PET/CT or the 124I PET/CT shows metastatic lesions and 
it is possible to acquire a biopsy from the lesion, this will be done to correlate 
histopathological characteristics with both the result of the scans and the 
resection specimen of the original tumor. If multiple metastatic lesions are 
present on either of the scans, a biopsy will be pursued to acquire from every 
lesion, but only if the 124I or FDG uptake differs between the different lesions. 
This will be done in easily accessible metastatic lesions without large risks of 
complications and/or discomfort for the subject. 

After the pre-therapy phase, subjects will start thyroid hormone 
withdrawal 4 weeks prior to 131I therapy. A low-iodine diet (LID) will be 
prescribed one week before the therapy. 

Therapy phase
Subjects will undergo 131I therapy with 7400 MBq of 131I orally. In a subgroup of 
subjects (in selected centers) additional 124I PET/CT scans will be performed 
for dosimetric evaluation. Furthermore, the influence of the method of 
preparation for the scan, either withdrawal of thyroid hormone or rhTSH 
stimulation, will be evaluated. Seven days after administration of 131I a post-
therapy scintigraphy is made, combined with SPECT/CT if available. 
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Follow-up phase
Six months after therapy both Tg and TSH levels will be determined after 
rhTSH administration. If the previous 18F-FDG-PET/CT or the 124I PET/CT 
showed pathological uptake, that specific PET modality will be repeated. If 
both PET techniques were positive during the pre-therapy phase, both the 
18F-FDG-PET/CT and the 124I PET/CT will be repeated.

If another treatment modality, e.g. surgery, external beam radiotherapy 
or multikinase inhibitors, is indicated after the 131I therapy the data of this 
additional therapy will be collected as well. If a metastatic lesion is removed 
surgically the histopathological specimen will be collected for additional 
staining and reviewing by an expert endocrine pathologist.

Additional protocol information
Histopathology thyroidectomy specimen

From every inclusded subject original resection specimens of the thyroid will 
be collected and if possible additional staining will be done. All specimens will 
be reviewed and scored by an expert endocrine pathologist. 

Histopathology biopsies 
If one or more biopsies are acquired from the subjects between the pre-
therapy and therapy phase they will be stored fresh-frozen and analyzed later.

Review panel
The local nuclear physician will assess all scans and, additionally, an expert 
review panel consisting of experienced nuclear physicians will assess every 
scan and every lesion individually as either positive or negative. Finally, the 
expert panel will discuss their disagreements to reach consensus on every scan 
and of every lesion in each scan. 

Sample size calculation
The power calculation is based on the (conservative) assumption that 40% of 
patients currently undergo a futile treatment. With approximately 50 evaluable 
patients per year in the Netherlands, we estimate we are able to include a 
minimum of 100 patients in 3 years. With a sample size of exactly 100 evaluable 
patients, a two-sided 95.0% confidence interval for a single proportion using 
the Pearson-Klopper method for constructing the confidence interval (exact 
binomial CI) will extend 10% from the observed proportion for an expected 
proportion of 40%.

Recruitment and consent
The patients will be selected for potential participation by the endocrinologist. 
After consultation with on whether the patient is eligible the local principal 
investigator of the study the endocrinologist informs the patient. Informed 
consent is acquired at least a week later by the local principal investigator. 
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Withdrawal of individual subjects
Subjects of the study can leave the study at any time for any reason without 
any consequences. The investigator can decide to withdraw a subject from the 
study for urgent medical reasons. For every subject that decides to withdraw 
from the study a new subject will be included. In this way the number of 
subjects included will not be changed. If subjects withdraw from the study they 
will be offered regular follow-up.

Follow-up of patients
Patients will receive standard follow-up according to the Dutch guidelines after 
the subject has completed the study.

Premature termination of the study
The study relies on 124I PET/CT being predictive for 131I‐treatment outcome. 
When 3 patients have been encountered with negative 124I PET/CT and positive 
post-therapy scintigraphy, the main clinical hypothesis can no longer be 
supported and the study will be stopped.

Statistical analysis
Patient demographic data, tumor characteristics and data derived from the 
scans will be described in frequency tables.  χ2-tests and trend tests (for 
ordered scales) will be used to determine whether a significant reduction 
in futile treatments could have been achieved by applying the 124I and 
18F-FDG PET/CT. More in detail: interpretation of both PET-scans will lead 
to a positive or negative treatment proposal. This will be compared with 
the actual response on therapy. The definition of a futile treatment will 
be a negative post ‘blind’ 131I therapy scintigraphy. Additionally, accuracy 
measures such as sensitivity, specificity, positive and negative predictive 
value will be calculated from this data. Multivariate analysis will be 
performed whenever appropriate using logistic regression.

Discussion

Since 124I has become available for PET scanning, the interest for its use in DTC 
has been high. More and more studies addressed its potential use in these 
patients. Furthermore, it is well known that during dedifferentiation of DTC, 
its tumor cells may become FDG avid and multiple studies have correlated 
18F-FDG PET/CT with aggressiveness of DTC and the loss of iodine avidity. 
To our best knowledge no studies however addressed in a large prospective 
cohort of patients with recurrent thyroid cancer the additional value of these 
scan modalities in the prevention of futile 131I therapies. This is of great clinical 
importance as a futile 131I treatment is costly and not without short- and long-
term side effects and should therefore be restricted to those who will likely to 
benefit from this treatment. 
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Abstract

Background
Studies on imaging of differentiated thyroid cancer (DTC) using 124I often 
require a multi-center approach, as the prevalence of DTC is low. Calibration 
of participating scanners is required to obtain comparable quantification.  As 
determination of a well-defined range of recovery coefficients is complicated 
for various reasons, a simpler approach based on the assumption that the 
iodine uptake is highly focal with a background that significantly lacks 
radioactivity might be more efficient. For each scanner a linear conversion 
between known and observed activity can be derived, allowing quantification 
that can be traced to a common source for all scanners within one study-
protocol. The aim of this paper is to outline a procedure using this approach in 
order to set up a multicenter calibration of PET/CT scanners for 124I.

Methods
A cylindrical polyethylene phantom contained six 2 ml vials with reference 
activities of ~2, 10, 20, 100, 400, 2000 kBq, produced by dilution from a known 
activity. The phantom was scanned twice on PET/CT scanners of participating 
centers within one week. For each scanner the best proportional and linear fit 
between measured and known activities were derived and based on statistical 
analyses of the results of all scanners it was determined which fit should be 
applied. In addition, a Bland-Altman analyses was done on calibrated activities 
with respect to reference activities to asses the relative precision of the 
scanners. 

Results 
Nine Philips (vendor A) and nine Siemens (vendor B) PET/CT scanners were 
calibrated in a time period of 3 days before and after the reference time. No 
significant differences were detected between the two subsequent scans on 
any scanner. Six fitted intercepts of vendor A were significant different from 
zero, so the linear model was used. Intercepts ranged from -8 kBq to 26 kBq 
and slopes ranged from 0.80 to 0.98. Bland-Altman analyses of calibrated and 
reference activities showed that the relative error of calibrated activities was 
smaller than of uncalibrated activities. 

Conclusion
A simplified multicenter calibration procedure for PET/CT scans that show 
highly focal uptake and negligible background is feasible and results in more 
precise quantification. Our procedure can be used in multicenter 124I PET scans 
focusing on (recurrent) DTC.
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Introduction

Iodine-124 (124I) is currently of great interest as a PET(/CT) tracer in patients 
with (metastasized) differentiated thyroid cancer (DTC) for pre-therapeutic 
assessment of iodine avidity of lesions and for dosimetric purposes.1-4 
Dosimetry requires reliable quantification, and, as gathering strong clinical 
evidence in this relatively rare disease requires multicenter studies to 
ensure sufficient patient enrollment, calibration of scanners is required.5 
The concurrent emergence of the EANM Research Ltd (EARL) accreditation 
procedure for 2-[18F]fluoro-2-deoxy-D-glucose (18F-FDG) imaging aims to 
achieve comparable scanner performances across multiple sites through 
harmonization of the acquisition of PET/CT scans.6 However, in case of 124I used 
in DTC patients, a standardization strategy as used for 18F-FDG is not adequate, 
because recovery of the partial volume effect is difficult to determine.7 Due to 
the combination of the low positron abundance (around 25%) and the presence 
of 602 keV non-annihilation photons, image-derived activity concentrations are 
inaccurate.7,8 Documented recovery coefficients depend on object volume and 
shape, background activity, voxel size and number of effective iterations.7  Due 
to the high specificity of iodine for thyroid tissue, the uptake in the background 
is negligible. This allows to determine the total activity within the lesions by 
drawing an oversized volume of interest (VOI) around the imaged target, 
avoiding the unknown influence of the partial volume effect. The lesion uptake 
in units of activity concentration or standardized uptake value (SUV, %) can 
be calculated from the total activity and the lesion volume, determined from 
anatomical imaging, e.g. a CT scan. 

By measuring a range of 124I activities in a phantom experiment, a linear 
relation between the reference and measured activities can be derived per 
scanner. Hence, measured activities can be converted to calibrated activities 
for all scanners used in a multicenter study. Knowledge of the inaccuracies 
of individual scanners allows for benchmarking and thereby determining 
underperforming scanners. Excluding these scanners will improve the overall 
accuracy of the quantification of 124I in a multicenter study and thereby 
its quality. The aim of this paper is to outline a procedure for multicenter 
calibration of the total activity of 124I in focal, low background areas.

Methods

A cylindrical polyethylene phantom containing six 2 ml cylindrical glass vials 
(figure 1), representing typical lesion volumes was developed in-house. By 
weighing and diluting from a known activity of 124I (BV Cyclotron, Amsterdam, 
the Netherlands) reference activities (Ar) of approximately 2, 10, 20, 100, 400 
and 2000 kBq at reference time (Tr) were obtained and put into the vials. The 
activity-series was based on the Thyropet protocol, the optimized dosimetry 
protocol by Jentzen et al. and calculations with the iodine kinetic model 
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described in ICRP publication 53.3,9-11 No activity in the background was used. 
A non-radioactive solution of approximately 1 mg/mL iodine- was used for 
dilution to prevent 124I- from sticking to the walls. Reference activities at the 
time of calibration of the scanners (Tc) were obtained by correction for decay of 
124I (half-life 100.2 hours)
The phantom was scanned on 18 PET/CT scanners, nine from Philips (Philips 
Healthcare, Best, the Netherlands) (vendor A) and nine from Siemens (Siemens 
Medical Solutions, Erlangen, Germany) (vendor B), during a period of three 
days before and three days after the reference time (Table 1). Before the 
calibration a dedicated 124I scan protocol was implemented and tested on 
each scanner. In the clinical setting the duration of a whole body patient scan 
preferably is limited to 30 minutes. Therefore, the scan time per axial field of 
view (FOV) was two minutes for PET/CT scanners of vendor A and four minutes 
for scanners of vendor B. This difference is a consequence of the difference 
in length of the effective FOV of the two vendors: ~9 cm for vendor A and 
~14-18 cm for vendor B. The standard energy window (approximately 350-
680 keV) was applied. All common acquisition corrections were applied, i.e. 
normalization and corrections for scatter and attenuation, decay and dead 

Tekening hoofd-hals fantoom 
t.b.v. paper. 

 
M. van der Vlies, 24 november 2014 

 
 

figure 1. Design of the Thyropet phantom. The diameter corresponds with a head and 
neck phantom, the height is lower than the smallest bedposition of the PET/CT scanners 
included for calibration. The phantom consists of solid polyethylene (light gray) and contains 
six openings (white, indicated 1 to 6). In each opening, a polyethylene socket can be placed 
tightly, enclosing an amber glass vial (dark gray, wall thickness about 1.5 mm) of 2 ml inner 
volume, filled with 124I activity (shaded). The position of the vials in the phantom is such, that 
the 124I positrons (maximum range r) do not interfere between the vials and do not reach the 
outside of the phantom. Sizes are in mm. Note that in reality, the vials have a neck and screw 
cap, so the shape and height are an indication. 

50.0 
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150.0 
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> 2r 

Figure 1: Design of the phantom. All sizes are in millimeters. The height is 
lower than the smallest axial field-of-view of the PET/CT scanners included 
for calibration. The phantom consists of solid polyethylene (light gray) 
and contains six openings (indicated 1 to 6; 3 to 6 colored white). In each 
opening, a polyethylene socket can be placed tightly, enclosing an amber 
glass vial (dark gray, wall thickness about 1.5 mm) of 2 mL inner volume, 
filled with 124I activity (shaded). The position of the vials in the phantom is 
such that the 124I positrons (maximum range r) do not interfere between the 
vials and do not reach the outside of the phantom. The vials have a neck and 
screw cap, so the shape and height are an indication. 
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time. If the scanner was EARL accredited, EARL reconstruction parameters were 
used 12. Else, 2D or 3D OSEM reconstructions with sufficient convergence and a 
5 mm full width at half maximum Gaussian reconstruction filter were utilized. If 
available, the time of flight option on the scanners was applied for acquisitions 
and in reconstruction. 

Two axial FOVs were centered around the vials and scanned subsequently. 
The start time of the scan was defined as the calibration time (Tc). On each 
scanner the phantom was scanned twice: after the first scan it was turned 
180 degrees around the axial axis to determine the reproducibility of the 
quantification procedure.

A large VOI of 110 mL (46 mm diameter, 66 mm height) was placed around 
each 2 mL vial (figure 2a and 2d). No interobserver variation was expected 
and images were analyzed by one person (JK), using the open source software 
Osirix™ (version 4.1.2, 64 bit).13 Measured activities (Am,0 and Am,180) were 
obtained for each acquisition (0 and 180 degrees) and vial.

Per scanner the data points Am,0 and Am,180 were compared with a two-

Table 1: Characteristics of included scanners.
*Scanner accredited by EANM Research Ltd (EARL). ^Reconstruction protocol 
name as named by vendor in DICOM header

	

Site no. Vendor ToF Slices CT EARL* Reconstruction 
protocol^ 

Voxel size 
(mm3) 

1 A Yes 16 Yes BLOB-OS-TF 64 

2 A No 16 No LOR-RAMLA 64 

3 A Yes 16 No BLOB-OS-TF 64 

4 A Yes 16 Yes BLOB-OS-TF 64 

5 A Yes 16 Yes BLOB-OS-TF 64 

6 A Yes 64 No BLOB-OS-TF 64 

7 A Yes 64 Yes BLOB-OS-TF 64 

8 A Yes 64 Yes BLOB-OS-TF 64 

9 A Yes 16 No BLOB-OS-TF 64 

10 B No 16 Yes OSEM 2D 14,2 

11 B Yes 40 No PSF+TOF 49,8 

12 B Yes 64 Yes PSF+TOF 20,2 

13 B Yes 40 Yes PSF+TOF 30,4 

14 B Yes 64 Yes PSF+TOF  11,6 

15 B No 16 No OSEM 3D  82,9 

16 B No 16 No OSEM 3D  82,9 

17 B No 40 Yes OSEM 3D  21,4 

18 B No 40 No OSEM 3D  49,7 
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A B

DC

sided paired T-test. If no significant difference (p < 0.05) was obtained, the 
measurements were considered reproducible and only Am,0 was used for 
further analyses. Data points from Am,0 were fitted by linear regression to 
the function Am,0 = αcal + βcal·Ar , with and without the additional constraint 
that the intercept α equals zero, so both a proportional and a linear model 
were investigated. The standard error of the intercept, Δα, was calculated 
with a two-sided Student’s t-distribution (p < 0.05). If and only if, none of 
the intercepts differed statistically significant from zero, the model without 
intercept, i.e. Am,0 = βcal·Ar , was applied, otherwise the model with intercept 
was used (Am,0 = αcal + βcal·Ar).  

The estimated slope and, if applicable, intercept of each scanner were 
used to calculate the calibrated activity, Acal, for each measured activity in each 
vial, so Acal = Am,0,cal/βcal or Acal = (Am,0 – αcal)/βcal. 

Figure 2: Examples of PET and CT images of axial slices acquired from scanner 
of vendor A (2A-B; obtained from scanner number 5) and vendor B (2C-D; 
obtained from scanner number 15) to emphasize the differences between the 
two scanner vendors. Both scanners were calibrated shortly after each other, 
so decay of the reference activities was negligible.  At the time of calibration, 
the top vials contained a reference activity Ar of 2.49 MBq. Clockwise, the 
other vials contained 2.6, 127, 514, 13 and 26 kBq, respectively. Figures 2A and 
2C: CTAC images, with circular regions of interest matching with the VOIs (in 
red). Figures 2B and 2D; corresponding CT images.
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A Bland-Altman analysis was performed for the calibrated activities 
to assess the relative precision of the scanners. The relative errors between 
calibrated activity (Acal) and reference activity (Ar) were calculated for each 
scanner as an absolute value: Ecal = │(Ar – Acal) / Ar│ . Subsequently, the 
measured activities were analyzed with Bland-Altman, again expressed as an 
absolute value:  Em,0 = │(Ar – Am,0) / Ar│, to investigate whether calibration 
improved the measured activities.

All analyses were carried out in Microsoft Excel for Windows, version 
2003 (Microsoft corp., Redmond, WA, USA).

Results

The phantom was scanned on 18 PET/CT scanners, 9 scanners of vendor A and 
9 of vendor B, in 16 hospitals in the Netherlands (table 1). Figure 2 shows typical 
images obtained from scanners of vendor A and B (figure 2A and 2D). 

No significant difference between the measured activities Am,0 and Am,180 
were found in any of the vials of any of the scanners tested. The intercepts 
(αcal) were significantly different from zero in six out of nine scanners of vendor 
A (range αcal: 3-26 kBq, range Δαcal: 4-29 kBq). None of the intercepts derived 
from scanners of vendor B differed significantly from zero (range αcal: -8-11 kBq, 
range Δαcal: 1-18 kBq). The significant differences between intercept and zero 
found in six scanners implied the use of the linear model for calibration for all 
scanners. Applying this model, the βcal for scanners of vendor A ranged from 
0.80 to 0.98, whereas the βcal for scanners of vendor B ranged from 0.85 to 
0.97. Two example plots, one scanner of each vendor, of the measured activity 
(Am,0) against the reference activity Ar, including fit to the linear model, are 
displayed in figure 3.

Figure 4 shows the relative errors of the measured activities before 
calibration (blue data points) and the calculated activities after calibration 
(green data points). The calibration procedure reduced the relative error in all 
decades of reference activities. This is depicted by the green and blue line in 
figure 4, indicating the average relative error of the measured and calibrated 
activities, respectively, for each decade of reference activities. The data in 
figure 4 also indicate in a higher precision the majority of scanners of vendor B. 
If the relative errors of the measured activities by the scanners are compared 
to a reasonably chosen threshold of 50%, figure 4 shows that the first scanner 
of vendor A exceeds 50% at 43 kBq, while the first scanner of vendor B exceeds 
this percentage at 16 kBq. After calibration these activities are 12 kBq (vendor 
A) and 2.6 kBq (vendor B). 
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Figure 3: Graphs reported to centers of the involved scanners as example 
of the differences between the scanner vendors. Linear fit of measured and 
reference activity data according to Am,0 = αcal + βcal·Ar. Top row: scanner 
number 5 (vendor A; αcal = 13 kBq and βcal = 0.947), bottom row: scanner 
number 15 (vendor B; αcal = 5.5 kBq and βcal = 0.901). Note that the graphs on 
the right side are the same as the corresponding ones on the left side, apart 
from the scales of the axes. Furthermore, the larger offset αcal of scanner 5 
compared to scanner 15 can be foreseen from the larger background signal, 
shown in figure 2A and 2C respectively.

Discussion

In this study we present a calibration procedure attaining calibrated scanners 
for multicenter studies using 124I and focusing on DTC, and proved it to be 
feasible. Eighteen PET/CT scanners across the Netherlands were calibrated 
within one week with a convenient and easy to handle phantom, using a single 
set of 124I reference activities and predefined scanner specific acquisition and 
reconstruction protocols. The estimated parameters of the applied model 
were reproducible, making the procedure robust. The calibration resulted in a 

A B

C D
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decrease in relative errors of calibrated activities compared to (non-calibrated) 
measured activities (figure 4), making quantitative data comparable amongst 
different centers. 

Our relatively simple approach could be used in other clinical multicenter 
studies focusing on other diseases and tracers, provided the assumptions of 
focal uptake and negligible background are fulfilled. This might be the case for 
other 124I tracers and for 68Ga, 18F and 81Zr tracers.

Standardized and reliable quantification of 124I PET imaging is essential 
in the design of multicenter and dosimetry studies. For example, in a mono-
center study by Ho et al. dosimetric analysis of multiple 124I PET/CT scans 
before and after selumetinib treatment of patients with radioiodine refractory 
metastases was performed.  The outcome of this analysis determined whether 
a new high dose 131I treatment would be beneficial.1 The results of this study are 

A

B

Figure 4: Bland-Altman 
plots of measured activity 
Am,0 and calibrated 
activity Acal, versus 
reference activity Ar 
for all scanners, shown 
per vendor (Figure 
4A: vendor A; figure 
4B: vendor B). For 
presentation purposes, 
axes are on a log-log 
scale. and the relative 
errors are calculated as 
an absolute value: Er = 
│(Ar – Am) / Ar │and Er  
= │(Ar – Acal) / Ar │.  To 
assess improvement of 
calibration, the average 
of reference activities 
Ar and corresponding 
average relative errors 
are calculated for each 
reference activity decade. 
The blue and green 
solid lines indicate the 
average relative errors in 
measured and calibrated 
activities, respectively
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promising, however, in order to expand and validate these, multicenter studies 
are warranted.  This underlines the need for multicenter standardization of 
scanning and quantification.

The phantom and the procedure were designed with the aim of being 
reliable, efficient and safe.  Therefore, the design of the phantom used no 124I 
background activity. Although different from previously published calibration 
procedures for other isotopes6,14, the absence of background activity seemed 
justified from a clinical perspective and it simplified the calibration procedure 
significantly. Iodine uptake is highly specific for thyroid tissue and very limited 
to only a few non-thyroid tissues, like the salivary glands, gastric mucosa 
and choroid plexus.15 These are, however, not in areas of clinical relevance, 
so uptake in these organs is extraneous for patient image analysis. The main 
advantage of an empty background was that the partial volume effect could 
be dealt with straightforward. No partial volume correction due to spill in of 
124I background signal into the signal of the vials was necessary. Additionally, 
correction for spill out from the vials was possible by drawing relatively large 
fixed VOIs.16 By using this method variable lesion volumes in the phantom were 
not a requisite. Some practical issues of the calibration procedure could be 
handled more straightforward by omitting background activity. For instance, 
no solution with a well-known 124I background activity had to be produced, 
making the phantom preparation less complex. Furthermore, legislation for the 
transportation of the reference activities to all involved centers, as well as for 
the handling of the activities at the centers, could be met with limited effort 
due to the lower total activity. 

The reference activities used to determine the calibration parameters 
are traceable to one standard activity. The calibration procedure was designed 
to support a multicenter study using the same supplier of 124I for the study-
related patient scans as for the calibration procedure.3,11 Since production and 
activity assessment protocols used by the supplier are standardized, activities 
used in the calibration procedure and for patient scans in the multicenter 
study are traceable to a higher standard. In this way difficulties with activity 
assessment by dose calibrators as described by Beattie et al. are overcome.17 If 
in the future, however, multicenter studies using isotopes produced by more 
than one supplier, reference activities should be related to a higher, preferably 
international, primary standard.18 Potentially, organizations like EARL or EATRIS 
could play a pivotal role in the development of these standards.12,19 

The process of dilution and weighing used to produce the reference 
activities had the risk that an inexact reference activity concentration 
propagated to the next lower concentration. However, this method is most 
likely more accurate than by direct measurement with, e.g. a dose calibrator, 
due to the low signal to noise ratio at low activities.17 Therefore, this process 
was preferred, while the risk of propagation of inaccurate concentrations was 
minimized with an indicative, direct measurement of the produced activity 
concentrations in each process step. 

From the assessment of the precision it appears that after calibration 
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the relative error of the scanners of both vendors exceeds the 50% level at 
activity levels lower then 2-20 kBq (figure 4). It should therefore be kept in 
mind, if in the clinical setting the uptake is below these lower limits, reliable 
quantification becomes inaccurate and should not be used for dosimetric 
calculations. Additionally, this method can be used to assess individual 
scanners precision in order to exclude underperforming scanners from 
multicenter studies, providing that multiple measurements per scanner are 
used.  

Conclusions

A simplified multicenter calibration procedure for 124I PET/CT scans in DTC is 
feasible and results in smaller relative errors in 124I quantification. In the future 
quantification will be of growing importance especially in multicenter clinical 
trials and therefore, standardized calibration procedures need to become 
applied widely. Our procedure can be used in multicenter 124I PET scans 
focusing on (recurrent) DTC.
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Abstract

Introduction
Patients with suspected recurrence from differentiated thyroid carcinoma 
(DTC), based on an increased thyroglobulin (Tg) level and negative neck 
ultrasound (US), pose a clinical dilemma. Since standard imaging has a low yield 
identifying potential recurrence, ‘blind’ 131I treatment is often applied. However, 
a tumor-negative 131I whole body scintigraphy (WBS) prevails in 38-50% of 
patients. We performed a prospective multicenter observational cohort study 
to test the hypothesis that 124I PET/CT can identify the patients with a tumor 
negative post-therapy 131I WBS. 

Methods 
Our study was designed to include 100 patients with detectable Tg and 
a negative neck US, who were planned for ‘blind’ 131I therapy. All patients 
underwent 124I PET/CT after rhTSH stimulation. Subsequently, after 4-6 weeks 
of thyroid hormone withdrawal patients were treated with 5.5-7.4 GBq 131I, 
followed by WBS a week later. The primary endpoint was the number of 131I 
therapies that could have been omitted using the predicted outcome of the 
124I PET/CT, operationalized as the concordance of tumor detection by 124I 
PET/CT, using post-131I therapy WBS as the reference test. The study would be 
terminated if three patients had a negative 124I PET/CT and a positive post-
therapy 131I. 

Results
After inclusion of 17 patients we terminated the study preliminarily, as the 
stopping rule had been met. Median Tg-level at 131I therapy was 28 µg/L 
(interquartile range: 129). Eight post-therapy WBS were negative (47%), all 
of which correctly predicted by negative 124I PET/CT. Nine post-therapy WBS 
showed iodine avid tumor, of which four also had positive 124I PET/CT findings. 
Sensitivity, specificity, negative predictive value and positive predictive value 
of 124I PET/CT were 44% (CI 14-79%), 100% (CI 63-100%), 62% (CI 32-86%) and 
100% (CI 40-100%), respectively. Implementation of 124I PET in this setting 
would have led to 47% (8/17) less futile 131I treatments, but 29% of patients 
(5/17) would have been denied potentially effective therapy. 

Conclusion
In patients with biochemical evidence of recurrent DTC and a tumor negative 
neck ultrasound, the high false negative rate of rhTSH stimulated 124I PET/CT as 
implemented in this study precludes its use as a scouting procedure to prevent 
futile blind 131I therapy. 

thesis_binnenwerk_29AUG16_DEF_DEF_wit.indd   117 30/08/16   09:27



11
8

PA
RT

 2
  |

  C
H

A
P

TE
R

 8

Introduction

Differentiated thyroid cancer (DTC) incidence is rising and it is the most 
prevalent endocrine cancer. Although patients have an excellent 10-
year survival rate of over 95%1,2, up to 25% of patients will face recurrent 
locoregional disease or distant metastasis.3 Prognosis is less favorable when 
recurrences and metastases occur.1 When recurrence is suspected based on 
serum Thyroglobulin (Tg) levels, without clinical evidence of locoregional 
metastasis, patients are treated empirically with high dose iodine-131 (131I).4,5 
However, this ‘blind’ therapy can be considered as futile in the 38-50% of 
patients with a tumor negative post-therapeutic whole body scintigraphy 
(WBS).6-9 On top of that, 131I therapy induces substantial short- and long-term 
morbidity due to hormone withdrawal associated hypothyroidism, early and 
late sialoadenitis in up to 30% which can lead to xerostomia, dental cariës and 
stomatitis.10,11 Moreover, societal costs are considerable due to productivity 
loss.12,13 Therefore, there is a need for a diagnostic modality to predict which 
patients are likely to benefit from high dose 131I therapy. The yield of low dose 
131I- and of iodine-123 (123I) WBS in this setting is low so that they are no longer 
recommended.14-17 

Iodine-124 (124I) positron emission tomography/computed tomography 
(PET/CT) has been investigated in DTC patients for several years.18-20 Apart 
from the superior imaging characteristics of PET (compared to SPECT), 124I 
PET/CT offers lower radiation exposure for the patient in comparison to 
blind 131I therapy, and it may be a tool for pre-therapeutic dosimetry.8,18,21 
Taken together, 124I PET/CT potentially allows for accurate restaging of DTC, 
prediction of 131I therapy outcome, and better selection of patients for 131I 
treatment. However, prospective studies with clear eligibility criteria and 
standardized procedures, comparing 124I PET/CT outcomes with post-therapy 131I 
WBS in patients treated ‘blind’ with 131I are lacking. 

Iodine uptake in metastases can be stimulated exogenously, using 
recombinant human thyroid stimulating hormone (rhTSH)(Thyrogen®, 
Genzyme Corporation, Cambridge, MA, USA) or endogenously by thyroid 
hormone withdrawal (THW). As the latter induces morbidity associated with 
severe hypothyroidism and may stimulate tumor growth, pre-therapeutic 
scanning, aiming to predict uptake on 131I WBS (and potential therapy efficacy), 
is preferably done after rhTSH stimulation. However, it is unclear whether and 
to which extent patient preparation with rhTSH rather than THW affects the 
diagnostic accuracy of 124I PET/CT. 

The clinical research question of this study was to determine whether 
futile 131I treatment could be prevented by pre-therapeutic imaging with 124I 
PET/CT, in patients with biochemical suspicion of recurrence without clinical 
evidence of locoregional metastases. Furthermore, we aimed to investigate the 
effect of the TSH stimulation method on diagnostic performance of 124I PET/CT 
in this clinical setting.  
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Methods

Study design
The THYROPET study was designed as a prospective nationwide multicenter 
diagnostic cohort study (Clinicaltrials.gov identifier: NCT01641679).22. The 
study was approved by the institutional review board of the Netherlands 
Cancer Institute and by the local institutional review boards of the 17 
participating centers. This study was investigator initiated, and conducted 
in accordance with the principles of the Declaration of Helsinki and Good 
Clinical Practice guidelines. All participants provided written informed 
consent.

Patients
Adult patients with biochemical suspicion of recurrence of previously treated 
DTC (serum Tg >2 ng/ml), without evidence of locoregional recurrence 
(negative ultrasound of the neck), who were planned for ‘blind’ treatment 
with high dose 131I were eligible for inclusion (Table 1). Main exclusion criteria 
were recent 131I therapy (<12 months before inclusion) and any indication for 
another treatment modality (e.g. surgery). 

Procedures 
Pre-therapeutic phase. 
Patients received 0.9 mg rhTSH intramuscularly on two consecutive days, one 
day after the second rhTSH administration, 74 MBq of 124I was administered 
intravenously, followed by 124I PET/CT 24 and 96 hours later.  

Table 1: In- and exclusion criteria of THYROPET study

 

Inclusion criteria 

1. Patients with a history of DTC

2. After complete thyroidectomy and ablation of functional remnants with 131I

3. Planned for ‘blind’ treatment with high activity of 131I based on biochemically suspected 
recurrence, defined as a Tg-level above 2.0 ng/ml

4. Ultrasonography of the neck performed < 2 months prior to inclusion

Exclusion criteria 

1. Age < 18 years

2. Pregnancy

3. Incapacitated subjects

4. Contrast enhanced CT performed < 4 months prior to inclusion

5.  131I therapy performed < 12 months prior to inclusion

6. Indication for other therapy modality (i.e. surgery in case of a positive ultrasonography, 
radiotherapy, embolization or chemotherapy) 
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Therapeutic phase
Patients were requested to keep a one-week low iodine diet prior to 131I 
therapy. When TSH was ≥25 mIU/L or after at least 4 weeks of THW, patients 
were admitted for 131I therapy (5.5 or 7.4 GBq). In centers where local radiation 
safety regulations allowed such, patients underwent repeat 124I PET/CT during 
131I treatment: a second dose of 124I was intravenously injected directly after 
the administration of 131I, and a PET/CT was performed after 24 and 96 hours. 
One week after 131I all patients underwent post-therapy WBS and/or SPECT/
CT. In addition (data not presented here), all patients underwent 18F-FDG PET/
CT in the pre-therapeutic phase, and 18F-FDG and 124I PET/CT six months after 
therapy.22 

Image acquisition 
PET/CT scanners of participating centers were calibrated for 124I to ensure 
adequate image quality.23 All 124I PET/CT scans were performed according to 
the scan protocol associated to this study, which included an administered 
dose of 74 MBq and optimized settings for 124I. Scan trajectories (PET 
and WBS) covered perineum-skull vertex, for a scan time of 30 minutes. 
A standard energy window was applied for all PET acquisitions. EARL 
reconstruction parameters were used.24 If available, time of flight acquisition 
and reconstruction was performed. WBS was performed as planar scintigraphy, 
combined with SPECT/CT according to standard local procedures. 

Image interpretation 
An expert panel of three independent experienced nuclear medicine physicians 
reviewed all PET/CT scans, blinded to the 131I WBS results. The post-therapy 
131I WBS were assessed separately by two other experienced nuclear medicine 
physicians. All scans were scored as malignant, equivocal or non-suspicious. 
Any disagreement between reviewers was discussed in order to reach 
consensus. If a scan was scored as equivocal it was considered malignant in the 
analysis to obtain maximal sensitivity. 

Quantitative analysis of 124I PET/CT was performed using manually drawn 
VOIs, measuring the total activity (kBq) within the lesion, corrected with the 
calibration factor determined for that scanner at calibration.23 

Outcomes
The primary endpoint of this study was the accuracy of 124I PET/CT to predict, 
at a patient level, the post-therapy 131I WBS test result, as an operationalization 
of the impact of the implementation of 124I PET/CT as a scouting procedure to 
set the indication for 131I therapy. Secondary end point was a quantitative and 
visual comparison between 124I PET/CT performed after rhTSH stimulation 
(rhTSH-124I PET/CT) and after thyroid hormone withdrawal combined with low-
iodine diet (THW-124I PET/CT).
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Statistical methods 
The study was designed to define the accuracy of 124I PET/CT to predict the 
result of post high dose 131I WBS. The power calculation was based on the 
(conservative) assumption of 40% futile ‘blind’ 131I treatments (6,7). With a 
sample size of 100 evaluable patients, a two-sided 95.0% confidence interval 
(CI) for a single proportion using the Pearson-Clopper method for constructing 
the confidence interval (exact binomial CI) would extend 10% from the 
observed proportion for an expected proportion of 40%. 

As wrongfully withholding potentially curative treatment for these 
patients is unacceptable, we decided to stop the study if in 3 patients the 124I 
PET/CT scan turned out false-negative (one-sided 95%-CI upper limit 12%). 
There was continuous monitoring of false negative 124I PET/CTs by the local 
study coordinators, followed by central adjudication by the central expert 
panel.

Patient demographic data, tumor characteristics and data derived 
from the scans are described in frequency tables. Accuracy measures such 
as sensitivity, specificity, positive predictive value and negative predictive 
value were calculated using the per-patient result of 124I PET/CT and 131I WBS as 
index and reference test, respectively. 

Results

The study was open for inclusion from December 2012 to May 2014. In May 
2014, a third false-negative 124I PET/CT (vs. 131I WBS) was reported to the study 
coordinators, and when this finding was confirmed at central review, the study 
was preliminarily terminated according to the predetermined stopping rule. 
As safety was not compromised, study procedures were completed in all 19 
patients included until then.  All patients underwent rhTSH-124I PET/CT in the 
pre-therapeutic phase, and five of them THW-124I PET/CT in the therapeutic 
phase.

Of these 19 patients, two were excluded from the 124I PET/CT vs. 131I 
WBS comparison: one because other imaging, performed because of clinical 
signs and symptoms, had shown numerous distant metastases, among which 
vertebral metastases threatening the spinal cord. In agreement with an escape 
rule in the protocol (i.e. allowing the the attending physician to withdraw a 
subject from the study for urgent medical reasons), it was decided to refrain 
from 131I therapy and to start immediate palliative radiotherapy on the spinal 
metastases. Another patient was excluded since the elevated Tg-level at time 
of inclusion was not reproduced at an additional assessment during the study 
before 131I therapy. 

The baseline characteristics of the 17 evaluable patients are listed in Table 
2. Nine patients had previously received more than one 131I treatment, with a 
mean interval between last 131I treatment and inclusion of 5.6 years; the median 
serum Tg-level at 131I therapy was 28 µg/L (interquartile range 129).
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Table 2: Baseline characteristics of subjects at time of inclusion (n=17)
SD: standard deviation; TC: thyroid carcinoma;  mo: months; GBq: 
Gigabecquerel; Tg: thyroglobulin 
*Patient was operated abroad, histopathology primary tumor not 
known, †TNM: Tumor-node-metastasis stage, 7th edition; ‡ After thyroid 
hormone withdrawal.

Patient-based analysis showed that 9/17 post-therapy 131I scans were tumor 
positive (53%, CI: 28-77%).  124I PET/CT scans showed uptake compatible with 
tumor activity in 4/17 scans (Table 3). In these four patients with a positive 
124I PET/CT the post-therapy 131I WBS was concordant (case 2, 3, 7 and 16). 
In the eight patients with negative post-therapy 131I scans, 124I PET/CT scans 
were also negative. However, of the 13 124I PET/CT scans with no pathological 
uptake, five were false negative (Figs. 1A and 1B). One 124I positive lymph node 
was surgically removed before the 131I therapy (i.e. protocol violation), this 

n or mean (±SD) % or range

Age at inclusion (y) 56 (± 16) 23-80

Sex

 Male 9 53

 Female 8 47

Histopathology

 Papillary TC 10 59

 Follicular TC 3 18

 Minimally invasive follicular TC 1 6

 Follicular variant of papillary TC 2 12

 Unknown* 1 6

Stage TNM†

 T1-2N0M0 5 29

 T1-2N1M0 4 24

 T1-2N0M1 1 6

 T3-4N0M0 4 24

 T3-4N1M0 3 18

Time since primary tumor (mo) 88 (± 82) 15-305

Time since last 131I therapy (mo) 67 (± 72) 15-304

Number of previous 131I therapies

 1 8 47

 2 4 24

 3 3 18

 4 2 12

Cumulative dose 131I before inclusion (GBq) 10 (± 7.2) 1.9-29.6

Tg at time of therapy (µg/L)‡ 99 (± 151) 2.1-531.3

thesis_binnenwerk_29AUG16_DEF_DEF_wit.indd   122 30/08/16   09:27



A B C

A

B

12
3

12
4I

 P
ET

/C
T 

TO
 P

RE
D

IC
T 

TH
E 

O
U

TC
O

M
E 

O
F 

BL
IN

D
 13

1I  T
RE

AT
M

EN
T 

(T
H

YR
O

PE
T)

Figure 1A: Patient 
(case no. 5) with 
negative 124I PET/CT 
(A) with disseminated 
lung metastases on 131I 
WBS (anterior (B) and 
posterior (C))

Figure 1B: Patient 
(case no. 12) without 
pathological uptake 
of 124I on PET/CT, only 
physiological uptake in 
the esophagus (A) and 
a positive 131I SPECT/
CT, showing uptake 
in retroclavicular 
lymph node, which 
was confirmed as 
metastasis after 
surgical removal (B).

lesion was not included in the analysis (case 14). At a patient level, sensitivity, 
specificity, negative predictive value and positive predictive value of 124I PET/CT 
(vs. 131I WBS) were 44% (CI 14-79%), 100% (CI 63-100%), 62% (CI 32-86%) and 
100% (CI 40-100%), respectively (Table 4). 

Lesion-based analysis showed that the post-therapy 131I WBS revealed 14 
lesions versus 8 on 124I PET/CT (miliary lung metastases in case 5 were counted 
as one lesion). The size of three out of seven lesions false negative at 124I PET/
CT could not be determined as no anatomical substrate was seen on CT (case 
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Pre-therapy 
(after rhTSH)

Therapy phase (after THW)

Case Histology TNM* Tg† 124I PET/CT 124I PET/CT 131I WBS  
(+SPECT/CT)

Remarks and follow-up

1 PTC T2N1aM0 5 Negative ND N-S: thymus Tg �

2 PTC T1aN0M1 32 Positive: C4 Positive: C4 Positive: C4 Quantitative analysis 124I 
uptake: see text
Tg =

3 miFTC T2N0M0 16 Positive: LN 
retrosternal 
Equivocal: liver/
thoracic wall

Positive: LN 
retrosternal 

Positive: LN 
retrosternal 
Equivocal: liver/
thoracic wall

MRI, bone scan & target 
US liver/thoracic wall: 
negative
Surgery: i.a. retrosternal 
LN resected: thymic 
remnant
Tg �

4 fvPTC T2N1bM0 12 Negative Negative Negative Tg decreased after surgery 
for 18F-FDG avid LNM

5 PTC T3N1bM0 184 Negative ND Disseminated lung 
metastasis 

False-negative 124I PET/CT
Tg �

6 miFTC T3N0M0 27 Negative ND Negative Tg �
7 FTC T3N0M0 148 Positive: LN 

aortopulmonary 
window 
Equivocal: nodule 
lung

ND Positive: LN 
aortopulmonary 
window 
Equivocal: nodule 
lung

Tg �

8 PTC T2N0M0 13 Negative ND Negative Tg �

9 PTC T3N0M0 38 Negative Negative Positive: nodule 
lung, no anatomic 
substrate on CT
N-S: thymus

False-negative 124I PET/CT
Tg �

10 PTC T2N0M0 2 Negative ND Negative Tg = 

11 PTC T3N1bM0 3 Negative Negative Positive: three lung 
nodules; 7, 5 and  
5 mm

False-negative 124I PET/CT
Tg �

12 PTC T1bN0M0 107 Negative ND Positive: LN neck 
level 6: 12 mm
N-S: thymus 

False-negative 124I PET/CT
Surgery: node picking 131I 
avid LN: metastasis
Tg �

13 PTC T1bN1bM0 28 Negative ND Negative Tg =

14 FTC T1mN1bM0 127 Positive: LN 
supraclavicular‡

ND Positive: lung 
nodule, no 
anatomic substrate 
on CT

False-negative 124I PET/CT
Surgery: node picking 
supraclavicular: no 
metastasis‡

Tg �

15 NK T1bN0M0 5 Negative ND Negative Tg =

16 FTC T4N1bM0 533 Positive: Two LNs 
neck level 3

ND Positive: Two LNs 
neck level 3

Follow-up 124I PET/CT scan: 
LNs not 124I avid anymore
Tg �, became 
undetectable

17 fvPTC T3N0M0 400 Negative ND Negative Tg �
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5, 9 and 16). The other false negative lesions measured 5, 5 
and 7 mm (all lung lesions, case 11) and 12 mm in diameter 
(retroclavicular lymph node, case 12). 

The 124I PET/CT scans after 24 and 96 hours were on 
patient level concordant in all but two patients (case 3 and 14). 
In those patients the lesions could not be depicted above the 
background noise after 96 hours. No additional lesions were 
seen after 96 hours. 

Five patients underwent 124I PET/CT after rhTSH 
stimulation as well as THW during 131I therapy. No additional 
lesions were seen on THW-124I PET/CT in comparison to the 
rhTSH-124I PET/CT. Two of these patients (cases 2 and 3) 
showed pathological 124I uptake on either scan. Case 2 showed 
enhanced uptake (residual disease) around an orthopedic cage 
placed in vertebra C4 after resection of a DTC metastasis (Fig. 
2). At 24 hours after 124I administration, lesional tracer uptake 
was 13 kBq following rhTSH stimulation (0,02% of injected 
dose 124I), vs. 332 kBq after THW (0,56% of injected dose 124I). 

The positive lesion in case 3 was located in the 
mediastinum and was thought to represent a lymph node 
metastasis a (corresponding with a 3-4 mm node at CT). 
18F-FDG PET/CT had identified another suspicious mediastinal 
lymph node, negative on either iodine scan. At subsequent 
resection of this focus, the iodine positive lesion was also 
removed. Histopathology revealed thymic tissue. 124I uptake 
in this lesion was below 2 kBq, both after THW and rhTSH, 
precluding reliable quantification.  

Discussion

Our results demonstrate that rhTSH stimulated 124I PET/CT as applied in this 
study is not suited to avoid futile blind 131I therapy, because of its high false-
negativity rate (38%; 5/13). If 124I PET/CT results would have been used to guide 
therapy, potentially beneficial 131I therapy would have been withheld in 5/17 
(29%). To our knowledge this is the first prospective study performing a head-
to-head comparison of pre-therapeutic 124I PET/CT with post-therapy 131I WBS in 

Table 3: overview of 
included patients. rhTSH: 
recombinant human 
thyroid stimulating 
hormone; THW: thyroid 
hormone withdrawal; 
PTC: papillary thyroid 
cancer; miFTC: minimally 
invasive follicular thyroid 
cancer; fvPTC: follicular 
variant of papillary 
thyroid cancer; NK: not 
known; LN: lymph node; 
N-S: not suspicious; US: 
neck ultrasound; FNA: 
fine needle aspiration; 
ND: not done; Tg: 
thyroglobulin; *TNM: 
Tumor-node-metastasis 
stage, 7th edition; 
†Tg in µg/L at time of 
therapy (after THW); Tg 
�/�: Thyroglublin level 
increased/decreased 
during follow-up; Tg= 
: Thyroglublin level 
remained stable during 
follow-up; ‡LN surgically 
removed before 131I 
therapy, therefor not 
included in diagnostics 
accuracy calculations (i.e. 
protocol violation)

131I WBS positive 131I WBS negative Total

124I PET/CT positive 4 0 4
124I PET/CT negative 5 8 13

Total 9 8 17

Table 4: patient based analysis of outcome of 124I PET/CT and 131I WBS
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a well-defined cohort of patients planned for ‘blind’ 131I therapy. The high rate 
of futile therapies in our study, 47% (8/17), is consistent with published data, 
corroborating the need for better pre-therapeutic diagnostic modalities.6,7 

Several publications described comparisons of 124I PET/CT and 131I WBS 
in thyroid cancer patients, but the results are inconsistent, and difficult to 
compare with the results of the current study, due to variable clinical settings, 
study aims and inclusion criteria8,19,25-29, methodological design 28,30, different 
131I dosages 8,29, diagnostic 131I WBS 27,28, and non-standardized and/or variable 
patient preparation methods 8,25,27,28,30. Of these studies the recent study by 
Khorjekar et al. is of interest as it specifically describes a cohort of 12 patients 
with suspicion of metastatic DTC, selected from different databases, in which 
a negative 124I PET/CT was followed by a post-therapeutic 131I WBS.30 In 10 
patients the 131I WBS revealed pathological uptake. Another study of interest 
reported that, similarly to case 5 in our cohort (Fig. 1A), 124I PET can be false 
negative in case of disseminated lung metastases.31 

Biological as well as technical issues may have caused 124I PET/CT scans 
to be false-negative. First, the method of TSH stimulation by rhTSH, instead 
of by THW in combination with a low iodine diet, might have compromised 
the sensitivity of 124I PET/CT.  This hypothesis seems to be supported by the 
observation in case 2, in whom after THW and a low-iodine diet the 124I uptake 
was 23 times higher than after rhTSH stimulation (Fig. 2). Quantification 
of 124I might be affected by concurrent presence of 131I. However, a recently 
published phantom study showed that 131I did not impact the accuracy of 124I 
quantification.32 One other study has reported that significantly more foci were 
detected on both 124I PET and 131I WBS after THW stimulation in comparison to 
rhTSH stimulation.28 However, in that study inter-patient comparisons were 
used rather than the head-to-head comparison in our study. Only few cases 
are published with intra-patient comparisons of imaging after both THW and 

Figure 2: 124I PET/CT with increased uptake of 124I in metastatic lesion 
in C4 after THW (B) compared to rhTSH (A). 
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rhTSH. Freudenberg et al. described one case in which both an adrenal and a 
lymph node metastasis were only seen on 124I PET/CT after THW and not after 
rhTSH stimulation.33 Another study described four cases with 10 metastatic 
DTC lesions showing an 9-62% higher iodine uptake after THW compared 
to rhTSH stimulation.34 Additionally, a dosimetric analysis of three patients 
with 22 metastatic lesions revealed an increased absorbed dose after THW 
in comparison to rhTSH in all but two lesions .35. Taken together, our findings 
combined with previous suggest that rhTSH patient preparation for 124I PET/CT 
may lead to false negative 124I PET/CT scans, however, future studies with head-
to-head comparisons are warranted to confirm this.

Secondly, we can only speculate whether the 74 MBq 124I dosage in our 
study has contributed to the observed false negativity.  Even though this 
dosage is higher than in most published studies (23-64 MBq)25,27,30,31,36-38, Ho et 
al. recently reported the use of 222 MBq 124I in patients with metastatic DTC 
refractory to radioiodine.39 Additionally, it is unclear whether improved PET 
scan technology (scanner design40 and/or 124I reconstruction protocols) will 
improve 124I PET performance to a clinically relevant extent in this context. If in 
vitro data support the notion that detectability significantly improves by such 
innovations and/or higher 124I dosages, the current study should be repeated.  

In our opinion, a scouting procedure using 124I PET/CT still remains the 
most rational strategy to reduce futile 131I therapies, but optimization is clearly 
required.

Conclusion

In patients with biochemical recurrence of DTC and a negative ultrasound 
of the neck, 124I PET/CT after rhTSH stimulation before ‘blind’ 131I therapy, as 
applied in this study, does correctly predict tumor positive uptake on post-
therapeutic 131I WBS. Due to the high false negative rate of 124I PET/CT, 131I 
should not be omitted based on a negative 124I PET/CT.
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Abstract

Introduction
Radioiodine therapy with 131I is used for treatment of suspected recurrence of 
differentiated thyroid carcinoma. Pre-therapy 124I PET/CT with a low activity 
(~1% of 131I activity) can be performed to determine whether uptake of 131I, 
and thereby the desired therapeutic effect, may be expected. However, 
false negative 124I PET/CTs as compared with the post-therapy 131I SPECT/
CTs have been reported by several groups. The purpose of this study was to 
investigate whether the reported discrepancies may be ascribed to a difference 
in detectability of lesions on 124I PET/CT and 131I SPECT/CT, and hence, to 
determine whether the administered activity of 124I is sufficient to achieve 
equal detectability.

Methods
Phantom measurements were performed using the NEMA-2007 image quality 
phantom. As a measure of detectability the contrast-to-noise ratio (CNR) was 
calculated. The 124I activity concentration was expressed as a percentage of the 
131I activity concentration required to achieve the same CNR. This metric was 
defined as the detectability equivalence percentage (DEP). 

Results
Lower DEPs were obtained for smaller spheres, so that a relatively low 
124I activity concentration is sufficient to achieve a similar detectability of 
lesions with 124I PET/CT as with 131I SPECT/CT. The DEP was 1.5, 1.9, 1.9, 4.4, 
9.0 and 16.2% for the spheres with a diameter of 10, 13, 17, 18, 25 and 37 mm 
respectively, for attenuation and scatter corrected SPECT versus point spread 
function (PSF) modeled and time-of-flight (TOF) PET. For no-PSF no-TOF PET, 
the DEP was 3.6, 2.1, 3.5, 7.8, 15.1 and 23.3%.

Conclusion
A relatively low activity of 74 MBq 124I (~1% of 131I activity) is sufficient to 
achieve similar detectability of lesions on 124I PSF TOF PET/CT and 131I SPECT/
CT for small spheres (≤10mm), since the reported DEPs are close to 1%. False 
negative 124I PET/CTs as compared with the post-therapy 131I SPECT/CTs may be 
ascribed to differences in detectability for large lesions (>10mm) and for no-PSF 
no-TOF PET, since DEPs are larger than 1%. Based on DEPs of 3.5% for lesion 
diameters up to 17mm on no-PSF no-TOF PET, activities as high as 170 MBq of 
124I may be warranted to obtain equal detectability.
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Introduction

Radioiodine therapy with 131I is used for the primary treatment of differentiated 
thyroid carcinoma by ablating remnant thyroid tissue and potential residual tumor 
tissue after thyroid resection. Treatment with 5.5-7.4 GBq of 131I is indicated if a 
patient is suspected of metastases.1 The administered activity of 131I is generally 
empiric and non-patient-specific, since the uptake and hence the therapeutic 
effectiveness of radioiodine in metastatic lesions is usually not known beforehand. 
Post-therapy 131I SPECT/CT and/or whole body scintigraphy is routinely performed 
to assess tumor uptake. Up to 50% of empirically treated patients show no uptake 
on the post-therapy imaging.2 To predict whether uptake of radioiodine, and hence 
a desired therapeutic effect, may be expected, pre-therapy imaging with a low 
activity is performed. 

Several pre-therapy imaging strategies have been suggested to optimize 
patient-specific treatment activity and to prevent unnecessary 131I therapies. 
131I whole-body scintigraphy with a low non-therapeutic activity of 131I (half-life 
8 days) can be used for pre-therapy imaging.3 However, diagnostic low activity 
scintigraphy with 131I does not adequately predict the results of post-therapeutic 
high activity 131I scintigraphy.4 Moreover, septal penetration by the high-energy 
(364 keV and 637 keV) gamma photons negatively affects the image quality of 
131I SPECT and scintigraphy, which makes 131I less suitable for diagnostic purposes. 
The medium energy (159 keV) gamma emitter 123I has also been suggested for 
pre-therapy imaging and studies investigating the potential of 123I yielded good 
results.5 However, due to the short half-life of 123I (13.2 h) a large fraction of the 
administered activity has already decayed before the maximum uptake is achieved 
and imaging is performed. 

Alternatively, 124I with a half-life of 4.2 days has been proposed for pre-
therapy imaging and assessment of treatment response. Several groups have 
reported promising results using 124I as a diagnostic agent.6,7 124I is a positron 
emitter and can be imaged with PET, with superior resolution, sensitivity and 
quantitation as compared with scintigraphy or SPECT used for 131I. Relatively low 
activities of 20 – 74 MBq are used for diagnostic 124I PET imaging.8-13

Unfortunately, clinical experiences have shown that 124I PET/CT does not 
always predict uptake of 131I reliably, and discrepancies between post-therapy 131I 
SPECT/CT and pre-therapy 124I PET/CT have been reported by several groups.8-13 
More specifically, in some cases no uptake was found on 124I PET/CT images, 
whereas uptake was found on 131I SPECT/CT images. An example from a study 
we performed (unpublished data) is shown in Figure 1.14 These false negative 
124I PET/CTs as compared with 131I SPECT/CTs may be ascribed to a difference in 
detectability of lesions on 124I PET/CT and 131I SPECT/CT.

The purpose of this study was to investigate whether the reported 
discrepancies may be ascribed to a difference in detectability of lesions on 124I PET/
CT and 131I SPECT/CT, and hence, to determine whether the administered activity 
of 124I is sufficient to achieve equal detectability. This was done by establishing 
the activity concentration of 124I expressed as a percentage of the 131I activity 
concentration at which the contract-to-noise ratio was equal for both modalities.
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Materials and methods

Phantom
To compare the detectability of lesions on 131I SPECT/CT and 124I PET/CT images, 
acquisitions of the IEC NEMA 2007 phantom (PTW, Freiburg, Germany) were 
performed with varying activity concentrations. The phantom is torso-shaped 
and has a lid holding refillable thin-walled spheres of 10, 13, 17, 22, 28 and 37 
mm in diameter. Separate phantoms were used for 124I and 131I experiments. 
The phantoms were filled only once and different activity concentrations 
were obtained by leaving the activity to decay. This approach decreases 
measurement errors in comparison with refilling the phantom. Two phantoms 
were used for detectability analysis; one with activity in the background 
compartment and one without. 

Clinically, large variations may occur in lesion to background ratios. 
Rubello et al. have performed measurements of the lesion-to-background 
ratio with a gamma probe during radio-guided surgery, and they obtained a 
mean lesion-to-background ratio of 11.4.15 Therefore, we used two phantoms 
with different background concentrations to capture both extremities; no 
background (1:0) and a high background concentration (10:1). The activity 

Figure 1. Examples of cases from the THYROPET study14 where false negative 124I 
PET/CTs as compared with the 131I SPECT/CT were obtained. 124I PET/CT (A and 
C) acquired 24 hours after oral administration of 74 MBq 124I and 131I SPECT/CT 
(B and D) acquired 7 days after oral administration of 7400 MBq 131I, for the first 
and second patient respectively. The PET/CT scans were acquired using a Philips 
Gemini in 2 minutes per bed position and a LOR-RAMLA reconstruction without 
time-of-flight correction (no-PSF no-TOF). The SPECT/CT scans were acquired 
on a Siemens Symbia T2 in a total scan time of 21 minutes using a Flash3D 
attenuation corrected reconstruction method (no-SC 6i8s). The arrows indicate 
the metastatic lesions.
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concentration in the spheres ranged from 1.8x104 Bq/ml to 4.6 Bq/ml 
for 124I and from 9.1x105 Bq/ml to 3.9x102 Bq/ml for 131I. The initial activity 
concentrations are shown in Supplemental Table 1. The activity concentration 
in the phantoms was chosen such that it could be used to effectively compare 
the detectability of lesions in the range around the expected minimum 
detectable activity (MDA). In total, 45 124I PET acquisitions were acquired over 
a period of 50 days. Similarly, 42 131I SPECT acquisitions were performed over a 
period of 90 days.

Scanners and acquisition
A Siemens Biograph mCT Time-of-Flight (TOF) PET/CT scanner (Siemens 
Healthcare, Erlangen, Germany) with TrueV (axial field of view 21.6 cm) was 
used to acquire PET data. 124I images were acquired using a 435-650 keV 
energy window in 4 minutes per bed position, in accordance with the clinical 
protocol.14 Three bed positions were used to ensure that the sensitivity was 
uniform along the entire length of the phantom in the axial direction. 

A dual-headed Siemens Symbia T16 (Siemens Healthcare, Erlangen, 
Germany) SPECT/CT system was used to acquire SPECT images. The Siemens 
BiCoreä high-energy (HE) (Siemens Healthcare, Erlangen, Germany) collimator 
that was used has 8000 holes, a hole length of 59.7 mm, hole diameter of 4.0 
mm and septal thickness of 2.0 mm. For all 131I acquisitions, 128 projections 
were acquired on a 128 x 128 grid with a 4.8 x 4.8 mm2 pixel size. In accordance 
with the clinical protocol, a 25 s acquisition time per view was used, resulting in 
a total acquisition time of 26 minutes.

Reconstruction
PET images were reconstructed to create 200 x 200 x 316 voxel images with 
4.07 x 4.07 x 1.50 mm3 voxel size. The reconstruction incorporated a 124I 
prompt gamma correction16 and a randoms correction by adding the Gaussian-
filtered randoms-sinogram to the forward projection during the iterative 
reconstruction.17 Two reconstruction methods were used to obtain PET images.

The first method was an ordered subset expectation maximization 3D 
reconstruction method incorporating time of flight (TOF) information (TrueX) 
with point spread function (PSF) model based resolution recovery and CT 
based attenuation and scatter correction, using 4 iterations and 21 subsets in 
accordance with the clinical protocol. A Gaussian post-reconstruction filter was 
applied with a full width at half maximum of 5 mm. This method will be referred 
to as the PSF TOF method.

The second method was an ordered subset expectation maximization 
3D reconstruction method with attenuation correction, scatter correction, 
no TOF modeling and no PSF model based resolution recovery. As advised 

CNR =
 CH — CB

	 			σB
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by the vendor, 4 iterations and 24 subsets were used and a Gaussian post-
reconstruction filter was applied with a full width at half maximum of 5 mm. 
This reconstruction method will be referred to as the no-PSF no-TOF method.

SPECT images were reconstructed to create 128 x 128 x 80 voxel images 
with 4.8 x 4.8 x 4.8 mm3 voxel size. The Siemens Flash 3D reconstruction 
algorithm was used, incorporating attenuation correction and resolution 
recovery using distance dependent PSFs. Three reconstruction methods were 
used to obtain SPECT images. The first method used 6 iterations with 8 subsets 
and triple-energy-window scatter correction (SC 6i8s), the second method 
used 6 iterations with 8 subsets and did not incorporate scatter correction 
(no-SC 6i8s) and the third method used 30 iterations with 8 subsets and triple-
energy-window scatter correction (SC 30i8s). Reconstructions with 6 iterations 
and 8 subsets were performed to allow comparison with the clinical trial 
running at our hospital (14), whereas reconstructions with 30 iterations and 8 
subsets were included for increased contrast recovery at the cost of increased 
image noise.18,19 

Quantitative analysis
Detectability Equivalence Percentage. As a measure of detectability, we 
calculated the contrast-to-noise ratio (CNR) for each sphere using
where CH is the mean voxel value in the sphere volume of interest (VOI), CB is 
the mean voxel value in the background VOI and  is the standard deviation in 
the background VOI.

Three-dimensional VOI masks were created based on the sphere 
coordinates determined from the co-registered CT. The position of the spheres 
in the CT image was determined automatically using a Hough-transform based 
circle detection method.20 The background VOI was defined as the entire 
phantom minus the sphere VOIs. To eliminate the influence of partial volume 
effects on the background measurement, a 2 cm margin around the spheres 
and the phantom edges was subtracted from the background VOI by means of 
binary erosion.

To assess the difference in detectability of spheres on 124I PET/CT and 131I 
SPECT/CT, the 124I activity concentration was expressed as a percentage of the 
131I activity concentration required to achieve the same CNR. This metric was 
defined as the detectability equivalence percentage (DEP). For example, a DEP 
of 1% indicates that the same CNR is obtained on the 124I PET/CT image as on 
the 131I SPECT/CT image if the 124I activity concentration is 1% of the 131I activity 
concentration. The DEP was determined by calculating the average ratio of 
the CNR curves (CNR versus activity concentration) for the two isotopes, 
and multiplied by 100 to obtain a percentage. This was done for each sphere 
size and sphere-to-background ratio. To reduce the influence of noise on 
the calculated DEPs, regression analysis of the curves was performed. Cubic 
spline fits of the activity concentration as a function of the sphere CNR were 
performed and plotted in the log-log domain, because the range of the curves 
was several orders of magnitude. The mean ratios were calculated over the 
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largest possible interval where CNR data was acquired for both isotopes and 
where CNR values were greater than 1. For the phantom without activity in 
the background compartment, the CNR values, where the mean pixel value of 
the background VOI was smaller than one, were not used for the regression 
analysis.

 
Minimum Detectable Activity

False negative 124I PET/CTs as compared with the 131I SPECT/CTs occur when the 
124I activity concentration is below minimum detectable activity (MDA) and 131I 
concentration is above MDA. Therefore, the MDA was calculated by using the 
Rose criterion.21 The Rose criterion states that a lesion is no longer visible when 
the CNR of the lesion falls below a certain threshold value, which can be used 

Figure 2: Typical 124I PET/CT images of the phantom with activity in the 
background compartment reconstructed using the PSF TOF method showing the 
central slice through the spheres for (A) 2.2x104 Bq/ml, (B) 9.3x102 Bq/ml and 
(C) 6.5x101 Bq/ml in the spheres. The maximum of the gray scale is five times the 
mean pixel value of the image. 

Figure 3: Typical 131I SPECT/CT images of the phantom with activity in the 
background compartment reconstructed using the SC 6i8s method showing the 
central slice through the spheres for (A) 9.1x105 Bq/ml, (B) 4.5x104 Bq/ml and 
(C) 2.2x103 Bq/ml in the spheres. The maximum of the gray scale is five times the 
mean pixel value of the image. 

thesis_binnenwerk_29AUG16_DEF_DEF_wit.indd   140 30/08/16   09:27



14
1

C
O

M
PA

RI
SO

N
 O

F 
12

4 I P
ET

/C
T 

A
N

D
 13

1 I S
PE

C
T/

C
T 

D
ET

EC
TA

BI
LI

TY

to determine the MDA. Because the Rose criterion has been validated for use 
in 2D only, we calculated the CNR of the (2D) central slice through the spheres. 
The detectability measure K2D was obtained by correcting the CNR for the 
lesion size according to where CNR2D is the CNR in 2D, CH,2D is the mean voxel 
value in the sphere 2D region of interest (ROI), CB,2D is the mean voxel value in 
the 2D background ROI, σB,2D is the standard deviation in the 2D background 
ROI and N is the number of pixels in the lesion ROI. A K2D threshold value of 
8 was used to determine the MDA.22,23 The MDA was defined as the activity 
concentration where the K2D versus activity concentration curve intersected 
with the threshold value. Regression analysis of the K2D versus activity 
concentration curves with cubic splines was performed to reduce the influence 
of noise. 

Figure 4: The sphere CNR as a function of activity concentration for the 124I (red) 
and 131I (blue) phantom with background for spheres with a diameter of (A) 10 
mm, (B) 13 mm, (C) 17 mm and (D) 22 mm. The DEP is determined by calculating 
the ratio of the curves, which is graphically represented as the horizontal shift 
of the curves (black arrow). The gray lines denote the interval where the average 
ratio between the curves was determined. PET images were reconstructed using 
the PSF TOF method and SPECT images using the SC 6i8s method.
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Results

Figure 2 and Figure 3 show typical examples of the 124I PET/CT and 131I SPECT/CT 
NEMA phantom images for different activity concentrations. The sphere CNR 
was calculated and plotted as a function of activity concentration, as shown in 
Figure 4, Supplemental Figure 1 and Supplemental Figure 2 for the phantom 
with and without background activity, respectively. Defined as the average 
ratio between 124I and 131I activity concentration to achieve the same CNR, the 
DEP was calculated for each combination of PET and SPECT reconstruction 
methods and for each sphere size (Table 1 and Table 2).

In general, lower DEPs were obtained for smaller spheres, so that a 
relatively low 124I activity concentration is sufficient to achieve a similar 
detectability of lesions with 124I PET/CT as with 131I SPECT/CT. Furthermore, 
the DEP depends on the reconstruction method that is used. The DEP is 
higher for the no-PSF no-TOF PET reconstruction method than for the PSF 
TOF reconstruction method. Furthermore, the DEP is slightly higher for the 
SC 6i8s method than for the no-SC 6i8s method, and lower for the SC 30i8s 
method than for the other SPECT reconstruction methods. The differences 
between DEPs for the PSF TOF and no-PSF no-TOF reconstruction methods are 
smaller for the phantom without activity in the background compartment. In 
general, the DEPs are slightly smaller for the phantom without activity in the 
background compartment.

Table 3 shows the MDA for the phantom with activity in the background 
compartment. The MDA of 124I is lower for the PSF TOF reconstruction method 
than for the no-PSF no-TOF reconstruction method. Similarly, for the 13 and 
17 mm spheres, the MDA of 131I is lower for the SC 6i8s reconstruction method 
than for the no-SC 6i8s reconstruction method. However, for the 10, 22 and 28 
mm spheres, the MDA of 131I is higher for the SC 6i8s reconstruction method 
than for the no-SC 6i8s reconstruction method. The MDAs of the SC 30i8s 
reconstruction method are larger than for the other SPECT reconstruction 
methods.

Discussion

A relatively low activity of 74 MBq 124I (~1% of 131I activity) is sufficient to 
achieve a similar detectability of lesions on 124I PSF TOF PET/CT and 131I SPECT/
CT for small spheres (≤10mm), since the reported detectability equivalence 
percentages (DEPs) are close to 1%. False negative 124I PET/CTs as compared 
with the post-therapy 131I SPECT/CTs may be ascribed to differences in 
detectability for large lesions (>10mm) and for no-PSF no-TOF PET, since DEPs 
are larger than 1%. 

The results showed that the DEP was lower for smaller spheres, which 
indicates that smaller spheres are relatively more easily detected on PET than 
SPECT images. This can be explained by the fact that the resolution of 124I PET 
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PET 
reconstruction 
method

SPECT 
reconstruction 
method

10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

PSF TOF SC 6i8s 1.5 1.9 1.9 4.4 9.0 16.2

no-PSF no-TOF SC 6i8s 3.6 2.1 3.5 7.8 15.1 23.3

PSF TOF no-SC 6i8s 1.4 2.1 1.9 4.1 6.8 11.6

no-PSF no-TOF no-SC 6i8s 3.4 2.1 3.6 7.4 11.9 18.1

PSF TOF SC 30i8s 0.8 1.3 1.0 1.7 2.1 2.7

no-PSF no-TOF SC 30i8s 1.8 1.5 2.0 2.8 3.4 3.9

PET 
reconstruction 
method

SPECT 
reconstruction 
method

10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

PSF TOF SC 6i8s 1.1 2.3 3.3 4.8 5.9 7.0

no-PSF no-TOF SC 6i8s 1.7 3.2 3.2 4.2 4.8 5.5

PSF TOF no-SC 6i8s 0.8 1.4 2.0 2.9 4.1 4.3

no-PSF no-TOF no-SC 6i8s 1.3 2.6 2.6 3.3 4.2 4.0

PSF TOF SC 30i8s 0.9 1.1 1.4 1.6 1.7 1.8

no-PSF no-TOF SC 30i8s 1.4 1.7 1.6 1.6 1.7 1.7

Table 1: DEPs for the phantom with background.

Table 2: DEPs for the phantom without background.

images (approximately 5 mm) generally is higher than the resolution of 131I 
SPECT images (approximately 15 mm). Therefore, differences in the CNR are 
large in the range of sphere sizes between 5 and 15 mm.

Activities frequently used in clinical practice and studies are 74 MBq 
of 124I and 7400 MBq of 131I, thus the ratio of 124I administered activity is 
approximately 1% of the 131I administered activity. However, as different scan 
delay times are used after administration, it is necessary to correct for physical 
decay during the scan delay time. The 124I PET and the 131I SPECT acquisitions 
are usually performed 24 hours and 7 days after administration respectively, so 
that at scan time the 124I activity concentration is approximately 1.5% of the 131I 
activity concentration, if we correct for physical decay. Table 1 and Table 2 show 
that for some sphere sizes and reconstruction algorithms, the DEP is smaller 
than 1.5%. Therefore, for small spheres (≤10mm) on PSF TOF PET an activity of 
74 MBq 124I is sufficient to achieve similar detectability on the low activity 124I 
PET/CT as on the high activity 131I SPECT/CT. This shows that false negative low 
activity 124I PSF TOF PET/CTs as compared with the post-therapy high activity 
131I SPECT/CTs are not likely occurring owing to differences in detectability for 
small lesions. A significant part of the lesions in clinical practice is expected 
to be smaller than 10 mm.24 For larger lesions (>10 mm) and no-PSF no-TOF 
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Isotope Reconstruction 
method

10 mm 13 mm 17 mm 22 mm 28 mm 37 mm

124I PSF TOF 1.0×103 4.1×102 1.6×102 8.3×101 4.4×101 2.1×101

124I no-PSF no-TOF 3.0×103 5.1×102 3.0×102 1.9×102 8.6×101 4.6×101

131I SC 6i8s 1.1×105 2.2×104 8.2×103 1.7×103 6.5×102

131I no-SC 6i8s 9.6×104 2.5×104 8.9×103 1.4×103 4.2×102

131I SC 30i8s 1.9×105 3.3×104 1.5×104 4.2×103 2.0×103

PET, the DEP generally is larger than 1.5% and 74 MBq of 124I is not sufficient 
to achieve similar detectability on the low activity 124I PET/CT as on the high 
activity 131I SPECT/CT. Reported discrepancies, such as shown the example in 
Figure 1, may therefore be caused by differences in the detectability.

The administered activity of 124I is a factor that should be taken into 
account when comparing our results with other studies. Several clinical 
studies have been performed with lower activities than 74 MBq of 124I.8,9,11 The 
probability of a false negative 124I PET/CT as compared with the post-therapy 
131I SPECT/CTs considerably increases with lower 124I dosages. When 25 MBq 
of 124I and 7400 MBq of 131I is administered, the ratio of 124I and 131I activity 
concentration is approximately 0.5%, when corrected for physical decay. Since 
this is lower than the reported DEPs, discrepancies are more likely to occur as a 
result of differences in detectability.

Activities of 90 MBq are sufficient to achieve similar detectability for 
lesion diameters up to 17 mm on PSF TOF PET, with DEPs up to 1.8%. Based on 
DEPs of 3.5% for lesion diameters up to 17mm on no-PSF no-TOF PET, activities 
as high as 170 MBq of 124I may be warranted to obtain equal detectability. 
However, a limiting factor for high pre-therapy activities may be thyroid 
stunning, although stunning due to 124I is controversial, and the origin and 
existence of stunning still are a hotly debated issue.25 

Discrepancies between the 124I and 131I distributions in the tissue as a 
consequence of differences in uptake/washout may be influenced by additional 
factors, not assessed in this study. Firstly, unlike phantoms, thyroid tumors or 
thyroid cancer metastases are inhomogeneous structures consisting of cancer 
cells, blood vessels and connective tissue with different iodine concentrations, 
inducing partial volume effects which may affect the measured contrast. 
Secondly, the uptake of iodine may be influenced by the preparation of the 
patient, since patients can be prepared either by thyroid hormone withdrawal 
or recombinant human thyroid-stimulating hormone (rhTSH) stimulation to 

Table 3: MDAs in Bq/ml for the phantom with background.
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stimulate iodine uptake. Thirdly, cell damage as a consequence of delivered 
dose may influence the retention time and may therefore cause differences 
in the 124I and 131I physiological washout properties. A faster washout of 131I is 
expected for damaged cells.24 Fourthly, the contrast of 131I lesions may increase 
when delayed scanning is performed, because clearance of the background 
activity can occur at a faster rate than clearance of the activity in the tumor, so 
that contra-intuitively, the contrast in the images increases over time (10). One 
of the few practically adjustable parameters in clinical practice that influences 
the activity concentration is the delay time between the administration and 
acquisition. However, the timing of the 131I SPECT/CT acquisition still is a 
matter of debate in literature. In fact, Salvatori et al. state that ‘perfect timing’ 
probably does not exist due to differences in 131I kinetics in different patients 
and in different metastases.26 A scan delay time of 7 days for this study was 
chosen to allow washout of background activity.27 Similar to 131I, the uptake of 
124I in metastases shows significant differences among metastases, although 
most of the metastases showed to have their peak uptake at approximately 24 
hours after administration.28,29 Therefore, a scan delay time of 24 hours was 
used for the 124I PET/CT acquisition.

The purpose of this study was not to investigate the impact of 
physiological factors, but to quantitatively compare the detectability of lesions 
on 124I PET/CT and 131I SPECT/CT images. Assuming that physical decay is the 
only factor affecting the ratio of 124I and 131I activity concentration may not be 
accurate and the interpretation of the results depends on these assumptions. 
However, the measured DEPs do not depend on physiological factors. To our 
knowledge, phantom measurements that compare the detectability of 124I and 
131I quantitatively have not been published before. 

CNR values lower than 1 were not used for the regression analysis and 
calculation of the DEP. These values are inherently noisy due to the low number 
of counts. Furthermore, rounding errors occurred by conversion to the DICOM 
format when the mean voxel value in the background compartment was lower 
than 1. Consequently, for low activity concentrations in the phantom without 
background activity, the standard deviation in the background compartment σB 
was underestimated and the CNR overestimated. Therefore, these data points 
(mean background VOI<1) were not used to determine the DEPs and MDAs. 

Diagnostic 131I SPECT/CT with 37-150 MBq of 131I can also be performed 
for pre-therapy imaging.3 However, this study shows that false negative 
diagnostic scans as compared with the post-therapy scans may be ascribed to 
the difference in activity that is used, and that false negative results are likely, 
especially for the smaller lesions that have high MDAs.

False negative 124I PET/CTs as compared with the 131I SPECT/CTs occur 
when the 124I activity concentration is below minimum detectable activity 
(MDA) and 131I concentration is above MDA. The MDAs of 131I and 124I were 
therefore determined for the different reconstruction methods. The MDA of 
131I was higher for the SC 6i8s reconstruction method than for the no-SC 6i8s 
reconstruction method for some sphere sizes (10, 22 and 28 mm). MDAs were 
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not necessarily lower for images obtained with scatter correction, possibly due 
to the addition of noise introduced in the reconstruction by the noisy scatter 
projections. Unfortunately, no 131I MDAs could be obtained for the 37 mm 
spheres because not enough data was available for low CNRs.

The DEPs were lower for the 30i8s than for the 6i8s SPECT reconstruction 
method, because generally lower CNRs were obtained for the 30i8s than for 
the 6i8s SPECT reconstruction method. This was caused by the fact that the 
background noise level in the images increased with the number of iterations, 
which lowered the CNR. Therefore, the 124I activity concentration expressed 
as a percentage of the 131I activity concentration required to achieve the 
same CNR (i.e. the DEP), was lower for the 30i8s than for the 6i8s SPECT 
reconstruction method.

The sizes of the lesions in Figure 1 are 5 mm, 7 mm (Figure 1B) and 12 mm 
(Figure 1D), based on the co-registered CT data. The DEP for the 10 mm sphere 
is between 1.3 and 3.4, depending of the lesion-to-background ratio (Table 1 
and Table 2), so that  a relatively low activity of 74 MBq 124I (~1% of 131I activity) 
may not be sufficient to achieve a similar detectability. The false negative 124I 
PET/CTs as compared with the 131I SPECT/CTs may therefore be ascribed to 
differences in detectability. Unfortunately, no DEPs were calculated for sphere 
diameters smaller than 10 mm. In general, discrepancies between 124I PET/
CTs and 131I SPECT/CTs depend on many factors, and this study shows that the 
dosage of 124I should be chosen carefully.

Conclusion

A relatively low activity of 74 MBq 124I (~1% of 131I activity) is sufficient to 
achieve a similar detectability of lesions on 124I PSF TOF PET/CT and 131I SPECT/
CT for small spheres (≤10mm), since the reported DEPs are close to 1%. 
Activities of 90 MBq of 124I are sufficient to achieve similar detectability for 
lesion diameters up to 17 mm on PSF TOF PET, with DEPs up to 1.8%. False 
negative 124I PET/CTs as compared with the post-therapy high activity 131I 
SPECT/CTs may be ascribed to differences in detectability for large lesions 
(>10mm) and for no-PSF no-TOF PET, since DEPs are larger than 1%. Based on 
DEPs of 3.5% for lesion diameters up to 17mm on no-PSF no-TOF PET, activities 
as high as 170 MBq of 124I may be warranted to obtain equal detectability.
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 Supplementary data

Supplemental Figure 1 : The sphere CNR as a function of activity concentration 
for the 124I (red) and 131I (blue) phantom with background for spheres with a 
diameter of (A) 28 mm and  (B) 37 mm. The DEP is determined by calculating the 
ratio of the curves, which is graphically represented as the horizontal shift of 
the curves (black arrow). The gray lines denote the interval where the average 
ratio between the curves was determined. PET images were reconstructed using 
the PSF TOF method and SPECT images using the SC 6i8s method
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Supplemental Figure 2: The sphere CNR as a function of activity concentration 
for the 124I (red) and 131I (blue) phantom without background for spheres with 
a diameter of (A) 10 mm, (B) 13 mm, (C) 17 mm, (D) 22 mm, (E) 28 mm and  (F) 
37 mm. The DEP is determined by calculating the ratio of the curves, which is 
graphically represented as the horizontal shift of the curves (black arrow). The 
gray lines denote the interval where the average ratio between the curves was 
determined. PET images were reconstructed using the PSF TOF method and 
SPECT images using the SC 6i8s method.
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TYSupplemental table 1: Initial activity concentrations of the phantoms at time of 
the first experiment.

Initial activity 
concentration spheres 
(Bq/ml)
1.8x104

1.8x104

9.1x105

9.1x105

Initial activity 
concentration 
background (Bq/ml)
0
1.8x103

0
9.0x104

Ratio

-
10
-
10

Isotope 

124I
124I
131I 
131I
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The major subjects discussed in this thesis relate to two current questions 
in contemporary clinical practice: firstly, how to characterize the numerous 
thyroid nodules that are (incidentally) diagnosed; and secondly, how to 
approach previously treated DTC patients with biochemical suspicion of 
recurrence? In this chapter, the studies presented in this thesis are discussed in 
light of recent literature with the aim to answer these questions. Furthermore, 
this chapter discusses perspectives on the directions of future research.

Diagnosis of differentiated thyroid cancer

The role of real-time elastography in diagnosing thyroid cancer
The increasing of different imaging modalities results in the sharp increase of 
detected thyroid nodules.1 Of these, the majority is small and do not threaten 
patients’ health or survival.1 However, if a nodule has been detected the 
clinician and the patient are highly likely to feel the need to further evaluate 
its nature. The malignant potential of thyroid nodules partially justifies 
this. However, health resources to obtain a final diagnosis should be used 
as effectively as possible. In this light, we showed that elastography is an 
effective tool to identify benignity of thyroid nodules. The results presented 
in chapter 2 are clear: real-time elastography (RTE) has a negative predictive 
value (NPV) of 97% and can thus play an important role in reducing the 
number of FNAs performed for thyroid nodules. The major disadvantage of 
elastography is its low positive predictive value (PPV). Any non-soft nodule 
still requires further work-up with FNA. Other disadvantages of elastography 
are its technical limitations: it is difficult to use in multinodular disease, obese 
patients and for nodules located more posterior or inferior in the thyroid.2 
Several studies studied the interobserver variability of elastography, but 
the results are conflicting.3,4 Main argument in favor of existence of any 
interobserver variability is that RTE is a non-quantitative method, and thus 
its outcome depends on the technique of the operator. More advanced 
elastography methods, like the semi-quantitative strain-ratio elastography 
(SRE) and quantitative shear wave elastography (SWE), may aid to overcome 
some of these limitations. In SRE the ratio between two regions-of-interest 
(ROI) is calculated: one drawn over the nodule and one over healthy thyroid 
tissue. SRE is considered semi-quantitative because the result represents a 
relative quantitation and it therefore still depends on the pressure applied by 
the operator. The latter is the main difference with SWE, in which the pressure 
is standardized by an acoustic force emitted by the probe. The transverse 
displacement (the shear waves) can be measured by the device and represents 
the degree of elasticity of the ROI.

Both SRE and SWE were analyzed in recent meta-analyses.5-7 Interestingly, 
none of the meta-analyses proved either technique to be superior to RTE. The 
main strength of RTE - diagnosing benignity - was similar to that of SWE in one 
study6, while it was not reproduced in another study.7 A higher PPV for SWE 
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in comparison to RTE was found by all meta-analyses, meaning that fewer 
patients need to undergo additional diagnostic work-up for a benign nodule. 
However, this advantage seems irrelevant because the lower NPV found in two 
of these studies means that a larger proportion of malignant nodules is falsely 
classified as benign.5,7 Notably, the number of nodules included in these studies 
was significantly lower in comparison to our study, emphasizing the limited 
available evidence supporting the use of these techniques. 

Thus adequately powered, prospective studies with clear eligibility criteria 
are warranted to determine the definite role of these techniques, preferably 
conducted with a blind comparison of the different elastography techniques. 
However, the data acquired in our study are convincing enough to omit an 
FNA in purely soft nodules. Close monitoring during routine is warranted to 
evaluate its diagnostic performance in daily practice.

In another meta-analysis by Trimboli et al. RTE was applied on an 
interesting different target population: patients with an indeterminate FNA 
result (in this study Bethesda category III and IV).8 Remarkably, the high NPV 
(97%) from our own meta-analysis presented in chapter 2 was not reproduced 
in this study (82%).8 Although the higher incidence of malignant nodules in 
this subpopulation (~20%) lowered the NPV per definition, it does not fully 
explain this significant difference in NPV. The results of the meta-analysis 
were probably muddled by the methodological limitations of the included 
studies (e.g. small sample size and/or inhomogeneous study population) and 
the known significant inter-observer variability for thyroid FNA cytology 
interpretation.9 Future studies focusing on indeterminate nodules - sufficiently 
powered and preferably with centrally reviewed FNA samples - are needed to 
confirm or invalidate the accuracy of RTE in this target population.

The Dutch and American guidelines on thyroid nodules and DTC 
published in 2015 do not yet advocate the routine use of any form of 
elastography for thyroid nodule evaluation.2,10 Reasons behind this are likely 
the afore mentioned disadvantages of the technique, the relative low-quality 
of the available evidence, the limited availability of elastography, and the 
investment required for the purchase of the computational module and 
training of staff. However, the investment costs might be outweighed by cost 
savings by reducing the number of FNAs and thyroid lobectomies for benign 
nodules. Future cost-effectiveness studies should help to determine the 
applicability of elastography in daily practice.

Fine needle aspiration of thyroid nodules
Despite the development of the different elastography techniques, FNA 
remains the cornerstone of thyroid nodule evaluation. Nonetheless, for two 
categories of FNA results the next appropriate diagnostic step is not clear-
cut: nondiagnostic or unsatisfactory cytology (Bethesda category I) and 
indeterminate cytology (mostly referred to as only Bethesda category III and 
IV, although some studies also include category V). 
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Nondiagnostic fine needle aspirations
Nondiagnostic FNAs results lead to repeat FNAs and (futile) diagnostic 
lobectomies, both causing patient anxiety.11 The authors of the Bethesda 
System for Reporting Thyroid Cytopathology state in their guideline that 
ideally a maximum of 10% of FNAs should be nondiagnostic.12 This guideline 
sharply contrasts with reported nondiagnostic rates in literature (up to 
34%; average 12-17%)13, a previous study at our institution (54%)14 and the 
more recent study presented in chapter 4 (35%). On top of that, 39% of the 
respondents of a recently published survey among members of The Endocrine 
Society and American Thyroid Association (ATA) reported nondiagnostic 
rates of over 10%.15 Published adequacy rates are thus likely to be subject to 
publication bias, leaving studies showing higher rates unpublished or even 
unnoticed by centers that do not adequately evaluate their own performance. 

Nevertheless, the nondiagnostic rate at our center is too high according 
to professional standards and efforts have been made to reduce it. As 
discussed in chapter 4, several factors were associated with nondiagnostic FNA 
results on multivariate analysis: three or more clinic visits for FNA of the same 
thyroid nodule, rapid onsite adequacy assessment (ROSAA) and intranodular 
vascularization. The use of ROSAA significantly improved accuracy rates in our 
study. This might not only be due to the direct assessment of the FNA sample 
by a cytopathologist, but also to the increased number of needle passes.11 
Obtaining more aspirates per nodule is a less costly and less time consuming 
alternative to ROSAA. In the afore mentioned survey among endocrinologists 
this was the most common approach to increase the diagnostic yield.15 The 
large number of different operators in our study (129 different operators 
performing 1381 FNAs) might also have contributed to the high nondiagnostic 
rate of 35% in our study. The consensus in literature is that accuracy of FNAs - 
in general and as well specifically for thyroid nodule FNA - is strongly operator 
dependent. The learning curve of thyroid nodule FNA is fairly short, limiting 
the effort to train physicians. More important seems that operators perform 
a significant number of FNAs on a regular basis.15 Our center could relatively 
easily pursue this by reducing the number of different operators and by 
training specialized radiologists.

In conclusion, there are several different aspects of the FNA procedure 
that can be optimized. Every hospital should monitor their adequacy rate and 
adapt the FNA procedure if necessary. This should result in a higher accuracy 
rate, which should be confirmed by continuous evaluation. 

Besides improvements in the FNA technique itself as discussed, two strategies 
to reduce the number of nondiagnostic results are of interest: biopsies 
performed with a screw needle or core needle (CNB) and molecular testing. 

Recently, two meta-analyses were published on CNB versus repeat FNA 
after initial nondiagnostic FNA, which is a very relevant potential application of 
CNB in my opinion. Suh et al. reported a significantly different nondiagnostic 
rate of 1.4% for CNB versus 34.2% for repeat FNA.16 The second meta-
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analysis performed a similar analysis showing that the relative risk of gaining 
a nondiagnostic result after CNB was 0.22 (95%-CI 0.10-0.45), meaning that 
the likelihood of a nondiagnostic result after CNB are over four times lower 
compared to repeat FNA.17 An analysis of the patients’ comfort and tolerability 
of these techniques showed similar results as for FNA.17 The reported 
complication rates of CNB of thyroid nodules are very low.16 It should be noted 
that - like FNA - CNB cannot differentiate between a follicular adenoma and 
follicular carcinoma because the complete nodule has to be reviewed by the 
pathologist in order to detect invasion through the capsule. 

In a survey members of The Endocrine Society and ATA suggested 
molecular testing as a potentially valuable diagnostic approach to 
nondiagnostic FNA.15 However, it is questionable whether these tests on 
samples that do not meet diagnostic criteria (i.e. scant cellularity or bloody 
aspirates) will be able to accurately diagnose the nature of the nodule. Future 
studies on the role of CNB and molecular tests as additional diagnostic tools 
for non-diagnostic FNA results are needed to evaluate their definite value. 

Indeterminate thyroid nodules
Mutation analysis for indeterminate nodules is gaining more and more 
attention in literature. Various mutations or combinations of mutations 
can be tested in order to correctly differentiate benign from malignant 
indeterminate nodules. In an interesting study by Kleiman et al. the influence 
of BRAF(V600E) testing of nodules with indeterminate FNA results (Bethesda 
category III, IV and V in this study) on the surgical strategy was evaluated.18 
In their study the BRAF(V600E) analysis was performed by a polymerase 
chain reaction (PCR) analysis. They concluded that it did not alter the surgical 
approach significantly. This conclusion does not stand when the Dutch 
approach had applied to their data as extensively discussed in chapter 4. 
Main difference is that Kleiman et al. propagated a total thyroidectomy for 
nodules with a suspicious for malignancy (Bethesda category V), while in 
the Netherlands a diagnostic lobectomy would be standard.10 Due to this 
difference in approach BRAF(V600E) analysis of indeterminate nodules is cost-
effective in the Netherlands by reducing the number of two-stage procedures 
and thus the costs and time until definite diagnosis. 

In the future, BRAF(V600E) mutation analysis by immunocytochemical 
staining of direct smears of FNA samples might be an even cheaper alternative 
to PCR analysis and might thus increase the cost-effectiveness even further. 
Disadvantage of this technique is that nonspecific staining of colloid and 
macrophages might lead to false positive antibody trapping. A recent study on 
this subject reported, however, that with growing experience it was possible to 
discriminate true staining from false positive staining.19 

BRAF(V600E) mutation analysis approach is not cost-effective when 
applied on nodules with a Bethesda III or IV FNAC result, as only around 2% 
of these nodules are BRAF(V600E) mutant.20 Several commercial molecular 
tests have been proposed to guide decision making for these nodules, of which 
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a multigene expression classifier (Afirma)21 and the molecular panels ThyGenX 
Thyroid Oncogene Panel, ThyraMIR Thyroid miRNA Classifier22 and ThyroSeq v223 
are the most renowned. Reports on their usefulness and cost-effectiveness 
are conflicting. Data on this matter applied in the Netherlands with the local 
treatment strategies, reimbursements and costs, are lacking. To our knowledge 
the current use in daily practice of these tests in the Netherlands is negligible. 

Another potential diagnostic tool in the work-up of indeterminate nodules 
is 18F-FDG PET/CT. In a meta-analysis by Vriens et al. 18F-FDG PET/CT proved 
to have an excellent sensitivity, especially in nodules >1,5 cm (100%).24 Another 
study from the same group used a Markov decision model to show that 
implementation of a PET-driven policy reduce the number of futile diagnostic 
surgeries for benign thyroid nodules in a cost-effective and oncologically 
safe manner.25 This multifactorial hypothesis is currently being tested in a 
nationwide multicenter study.26 

In conclusion, BRAF(V600E) testing on Bethesda category V FNA 
samples should be standard of care in the Netherlands as it effectively reduces 
the number of two-stage thyroidectomies. However, the search for the best 
diagnostic tool that can accurately determine whether a thyroid nodule with an 
indeterminate FNA result is benign or malignant is currently of great interest in 
literature and the future will tell which approaches will prevail.

Diagnosis of recurrent differentiated thyroid cancer

Determining the appropriate diagnostic and therapeutic strategy for patients 
with increased Tg-levels without proven locoregional recurrence is challenging. 
Diagnostic modalities such as 123I and 131I WBS have limited sensitivities, while 
blind or empiric 131I therapy is futile in one third to half of the patients27,28. The 
Thyropet study - for which the protocol is described in chapter 6 - aimed to 
determine whether the combination of 124I and 18F-FDG PET/CT could prevent 
futile 131I therapies. 

Quantification of 124I 
A secondary aim of the Thyropet project was to create a calibration procedure 
enabling quantitative comparisons between participating centers. The 
procedure to realize this aim and its results is described in chapter 7. The 
reduction in relative error of the calibrated activity achieved, proved this 
procedure to be of added value. However, as the Thyropet study has been 
preliminary terminated (chapter 8), regular repetition of the calibration 
procedure to maintain standardized quantification is currently not offered by 
any institution or organization in the Netherlands. 

Despite the negative result of the Thyropet study, quantification of 124I 
PET/CT scans might play a pivotal role in the future. One relevant application 
could be to use dosimetric analyses to determine optimal 131I dosage. Currently 
the high dose blind therapies given in the Netherlands are all fixed dose (i.e. 
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5500 or 7400 MBq of 131I). Multiple dosimetric analyses, however, showed that 
the delivered dose to DTC metastases varies widely.  In one study average 
absorbed dose (AD) by the metastatic DTC lesions ranged from 0.22 to 657 
Gray (Gy) per administered MBq of 131I.29 

In a recently published study 124I PET/CT dosimetry was performed to 
determine the AD to metastases in a fixed dose setting.30 The metastatic 
lesions with a complete response had significantly higher AD in comparison 
to metastases showing an incomplete response. These studies highlight the 
downsides of a fixed dose approach. The fixed dose 131I therapies tend to 
deliver either too much or too little radiation to the target lesion. The first 
outcome is not in line with the ‘As Low As Reasonably Achievable’ (ALARA) 
principle, the latter lacks efficacy, while the patient is exposed to a treatment 
with associated morbidity and radiation. Hence, dosimetry should be pursued 
in patients with proven iodine-avid metastasis in the (near) future, requiring 
comparable and especially reliable quantification. The procedure described in 
chapter 7 can be used to fulfill this need. It should be noted that because it 
requires specific and specialized knowledge and only relatively few patients 
per year need high dose 131I treatments, centralization of this care to only a few 
specialized centers in the Netherlands is warranted. 

Another potential use of dosimetric analyses of 124I PET/CT scans is 
to determine therapy effect of targeted therapies, such as Selumetinib, a 
Tyrosine-kinase inhibitor.31 Based on quantitative analysis of these 124I PET/
CT scans the study showed that the effect of the drug was significant, 
making it a potent new treatment strategy. Several other recently published 
studies on 124I PET/CT in both benign and malignant thyroid disease used 
124I quantification.30,32 To validate and expand the results of these studies, 
standardized 124I scanning and comparable quantification are essential. 
Organizations like EATRIS and EANM should be encouraged to offer 124I 
calibration, for which the results of our project described in chapter 7 can be 
the basis. 

The Thyropet study – potential causes of false negative 124I  
PET/CT scans 

The main results of the Thyropet study, as presented in chapter 8, leave no 
room for doubt: 124I PET/CT using 74 MBq 124I after preparation with rhTSH is 
unable to predict 131I WBS outcome reliably - bearing in mind the applied scan 
protocol used and quality of the scanners included. Every one of these aspects 
and variables should be investigated as a potential underlying cause and will be 
discussed in the following paragraphs.

The method of preparation on the scan and therapy: 
 rhTSH versus thyroid hormone withdrawal

In our study the 124I PET/CT scans were made after preparation with rhTSH 
whilst the blind 131I therapy was given after thyroid hormone withdrawal 
(THW). The method of preparation with rhTSH might very well result in 
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lower iodine uptake in comparison THW. It is currently unclear how much 
this influence is per lesion and whether large differences per lesion can be 
expected. It is possible that this influence is negligible in some lesions, while in 
other lesions significantly increased uptake of iodine is seen after THW. New 
studies with intra-patient comparisons are warranted to elucidate this. 

Another interesting aspect of this discussion is that it should be kept in 
mind that rhTSH was not developed for patients with metastatic DTC and thus 
with possibly reduced iodine avidity due to (early phase) dedifferentiation. 
Purely hypothetically, administering three or more doses of rhTSH instead of 
two doses of 0.9 mg rhTSH intramuscularly on consecutive days, could give 
similar - or at least more comparable - results to THW. Similarly, a higher dose 
per rhTSH administration may be warranted. Although higher or more doses of 
rhTSH might increase side effects and will definitely increase treatment costs 
it should be studied further, because accurate diagnostic scanning performed 
without the necessity of THW and with the potential to prevent futile 131I 
therapies could be of great value. 

Scan protocol and scanner improvements
Another aspect that could have contributed to the limited diagnostic accuracy 
of 124I PET/CT in the Thyropet study are the scan protocol and the current 
generation of PET/CT scanners. 

The scan protocol used in the Thyropet study was designed such that 
the maximum amount of time for a whole body PET-scan did not exceed 30 
minutes. Longer acquisition times per bed position might result in better 
detection of lesions with low iodine uptake, reducing the number of false 
negative scans. However, this approach would result in longer total scan times; 
in daily practice the total scan time is preferably limited to 30 minutes to 
maximize the number of time slots per day. Although other studies used similar 
scan protocols for 124I PET/CT scanning, these had a tendency towards longer 
scan time per bedposition.

In addition to optimization of the scan protocol, optimized reconstruction 
protocols for 124I may improve diagnostic accuracy. In the Thyropet study we 
found that reconstruction artifacts occurred in some scanners in areas with 
high physiological uptake, like the stomach and the urinary bladder. These 
artifacts caused that no background activity, not even scatter, surrounded 
these areas (Fig. 1). Such artifacts can cause small tumor depositions in these 
locations to be missed. Reconstruction protocols specifically designed and 
adapted for 124I are therefore necessary.

Besides such approaches to optimize acquisition of 124I PET/CT two 
hardware innovations in PET scanning are of interest: PET/MRI and digital 
PET. PET/MRI is a hybrid technique combining PET images with magnetic 
resonance imaging (MRI) instead of CT, offering potential advantages above 
PET/CT, such as non-iodinated contrast agents and superior resolution. Binse 
et al. performed a head-to-head comparison between 124I PET/MRI and 124I 
PET/CT in patients at high risk of iodine-avid DTC metastases.33 PET/MRI led 
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to a significant higher number of detected iodine positive metastasis and 
thyroid remnants and also led to the detection of additional iodine negative 
metastasis. Although the results seem encouraging, others described several 
disadvantages of the technique: longer acquisition time, less cost-effective 
and less accurate attenuation correction.34

Digital PET is a second technical improvement using high-performance 
digital detectors instead of conventional photomultipliers, amongst other 
technical improvements. These improvements potentially result in higher 
spatial, energy and timing resolution, leading to improved PET images and 
quantification in comparison to the current generation of PET scanners.35 
The use of digital PET scanners is currently very limited and literature on 
clinically relevant benefits of this technique above conventional PET is 
scarce. To our knowledge no data is available using 124I for DTC patients on 
digital PET, so it is too early to determine what role it could play in these 
patients, but it may (partially) overcome the current downsides of 124I PET/
CT in the future.

Figure 1. Coronal 
image of 124I PET 
showing physiological 
uptake in esophagus, 
stomach and bladder. 
Reconstruction 
artefacts around 
stomach and especially 
around bladder uptake.
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Administered activity of 124I 
A final potential cause of 124I PET/CT to be false negative was studied in chapter 
9: the difference in detectability between the 124I PET/CT with a low activity 
(74 MBq 124I; ~1% of 131I) and the post-therapy 131I SPECT/CT. This study showed 
that for larger lesions (>10 mm) with suboptimal PET reconstructions (i.e. non-
TOF, non PSF) applied, the scouting dose 124I is too low to result in a similar 
detectability in comparison to the post-therapy 131I SPECT/CT. In the Thyropet 
study six of the seven false negative lesions were smaller than 10 mm, and the 
reconstruction protocols applied on these scans all were with PSF and TOF. 
The results of the study presented in chapter 9 did therefore not clarify why 
the 124I scans were false negative in the Thyropet study. It did, however, show 
that higher doses of 124I significantly increase detectability. In the previously 
discussed study by Ho et al. 222 MBq of 124I was administered.31 The protocol of 
that study referred to another study (not published) by the same investigators 
using the same dose of 124I in which no toxicity was found by the higher dose. 
While this suggests it is safe to administer a higher 124I dose, the costs will 
rise equally (around €2500 for 222 MBq of 124I in the Netherlands) and the 
controversial issue on the so-called stunning effect will emerge. 

The Thyropet study – the results in comparison to recent literature
In the previous paragraphs technical and physiological parameters that might 
have resulted in the 124I PET/CT scans being false negative were discussed. In 
this part the results of the Thyropet study in light of other studies that have 
been recently published on this subject will be discussed.  

In a large retrospective study by Ruhlmann et al. 137 DTC patients 
were included who underwent serial 124I PET/CT using 24 MBq of 124I and 
subsequently high dose radioiodine therapy.36 The 124I and 131I scans were both 
derived using the same method of preparation for both scans. Of those 137 
patients the majority (n=106) were high risk DTC patients at initial diagnosis 
and 31 were patients with increasing thyroglobulin levels or with indistinct 
findings during the first radioiodine therapy. Unfortunately, it was not possible 
to exclude the results of those 106 high-risk DTC patients to come to a more 
equal comparison with the Thyropet results. However, the results of their study 
were clear: of the 227 metastases detected by either 124I PET/CT or 131I SPECT/
CT 97% were detected by both modalities. Only four lesions were negative 
on 124I PET/CT and positive on 131I SPECT/CT. As a potential explanation for 
the false negative 124I results they suggest that these lesions have slow iodine 
kinetics leading to undetectable amounts of 124I uptake, even after 5 days. 
The results of this study sharply contrast with our results. Although the study 
is a retrospective single center study including a heterogeneous cohort of 
patients, the number of patients included is sufficiently high and the presented 
sensitivity is that good that the results cannot be ignored. The most notable 
difference between this study and the Thyropet study is that the method of 
preparation for the 124I PET/CT and the 131I therapy were the same for each 
patient in their study, which might have led to more concordant scan results.
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Another recently published study by Gulec et al. was prospectively designed 
and aimed to analyze 124I PET/CT as a clinical imaging tool in DTC patients.37 In 
this study a heterogeneous group of 15 patients was included, among which 
7 patients with suspicion of metastatic disease similar to the Thyropet study 
population. The authors concluded on a lesion based analysis that 124I is a 
valuable diagnostic modality with a reported sensitivity of 92.5% to detect 
iodine avid lesions. However, on a patient level in 3 out of 15 patients the 124I 
PET/CT was false negative, resulting in a significant lower sensitivity of 80%. 
On top of that, when analyzing only the 7 patients with suspected recurrence 
of DTC, 4 out of 7 124I PET/CT scans were false negative (sensitivity 57%, 95% 
CI 18-90%).38 This study underlines the importance of homogeneity of a study 
cohort and that clinically relevant outcomes have to be chosen in order to 
come to reliable conclusions. Similar to the study by Ruhlmann et al. patients 
were prepared with the same method, rhTSH or THW, for the 124I PET/CT and 
131I SPECT/CT. This seems to contradict the suggestion that the consistency in 
preparation method is the most important factor for the high sensitivity found 
by Ruhlman et al. 

From these studies and the results of the Thyropet study it is clear that 
more research is warranted on this matter. Specifically, large prospective 
diagnostic cohort studies with uniform scan protocols, strict inclusion criteria 
and clinically relevant endpoints are warranted. Furthermore, it would be 
very interesting to critically review our approach in detail with the group 
of Ruhlmann et al. to determine whether there are differences with their 
methods compared to ours, and if so, how ours could be optimized to come to 
comparable or at least more comparable scan results. 

Optimal approach to patients suspected of recurrent DTC
While these issues regarding 124I PET/CT should be further explored in future 
studies, the current clinical dilemma on the optimal approach of patients 
with suspicion of recurrence of DTC, remains. In short several aspects will be 
discussed that should be considered in the multidisciplinary meeting, in which 
these patients should be discussed.39 

First, a representative US of the neck has to be performed and a FNA of 
any atypical lymph is warranted. In the Thyropet study 35% of the patients had 
metastatic DTC in a locoregional lymph node, even though all patients had a 
negative neck US upon inclusion of the study. This result is not unique; others 
found similar false negative rates.40 This limitation of US should be kept in 
mind, and US should be performed by experienced and dedicated radiologists, 
aware of the characteristics of potentially pathological lymph nodes. If 
there is any suspicion of metastatic disease in a lymph node, FNA should be 
performed, optionally combined with measurement of Tg in the washout of the 
FNA needle. 

The second point of consideration in patients with increased Tg-levels 
is the absolute level of the Tg. The 2015 Dutch guidelines on DTC treatment 
advocate considering 131I treatment yet with Tg-levels of 1 ng/ml or higher.39 
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Most other guidelines advise to treat patients ‘blind’ with 131I if Tg-levels 
are over 10 ng/ml.2,41 The relatively low cut-off for 131I therapy used in the 
Netherlands might be a cause of false negative post-therapy 131I scans. The 
tumor volume and corresponding low iodine uptake in these patients might 
be below the detection limits of 131I WBS and/or SPECT/CT. As patients are 
usually considered to have iodine refractory disease if a post-therapy 131I scan 
is negative2, the approach advocated in the Dutch guideline may result in 
patients being wrongfully classified as such, which should be prevented at all 
times. 

The large difference between the Tg threshold in Dutch and other 
guidelines for 131I therapy is remarkable, but both approaches are tenable. At 
low Tg levels131I therapy may be more effective as the tumor load is small and 
the chances of dedifferentiation are limited. However, the disadvantage of 
this approach is that post therapy scans are more likely to yield false negative 
results because of the low tumor volume. On the other hand, using a higher 
Tg threshold, as advocated by most other guidelines, leads to fewer (false) 
negative post therapy scans, due to the larger tumor volume, but this approach 
increases the chances of dedifferentiation. Furthermore, in a fixed dose 
approach the chance that the AD is too low to result in a complete response is 
also increased.

Third, in the Thyropet study all patients underwent both a 124I PET/CT scan 
and 18F-FDG PET/CT scan. The results of these scans were not incorporated 
in chapter 8, because it would distract from the main message of that paper. 
Nonetheless, 18F-FDG PET/CT remains an important diagnostic modality in 
patients with increased Tg-levels. If widespread FDG-avid DTC metastases are 
seen, the patient can be considered refractory to 131I and other therapeutic 
strategies should be pursued. 

With all the afore described considerations in mind, we believe the current 
strategy for patients with increased Tg-levels should remain ‘blind’ 131I therapy, 
if 1) there has been a significant or continuing increase of Tg-level (thus a single 
Tg-level just above 1 ng/ml should be repeated in 3-6 months), 2) neck US - 
by an experienced radiologist -  is negative and 3) 18F-FDG PET has ruled out 
widespread iodine refractory metastases and surgically resectable metastases, 
with the latter being performed if the suspicion of dedifferentiation is high, 
based on the characteristics of the primary tumor, the absolute Tg-levels and 
its doubling time. In conclusion, an individualized approach is warranted and 
every patient should be discussed within a multidisciplinary team.

In conclusion, the results of the Thyropet study showed that treating 
patients with suspected recurrence blind with 131I should be limited, as 47% 
of the post-therapy scans were negative. This underlines the desperate need 
for pre-therapy imaging correctly identifying those patients that are likely to 
benefit from the 131I therapy. The second clear result of the Thyropet study 
is that 124I PET/CT as applied in our study is not able to fulfill this need due 
to its high rate of false negativity. All factors potentially contributing to this 
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should be further studied to increase the diagnostic accuracy. Furthermore, 
collaborative efforts should be made to create a calibration network for 124I 
PET/CT scanners, as quantification will become more important in the future.  
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The aim of this thesis was twofold: first to improve the diagnosis of 
differentiated thyroid cancer (part 1) and second to improve the diagnosis of 
suspected recurrent differentiated thyroid cancer (part 2).

Part 1

Thyroid nodules are highly prevalent and may harbor a malignancy. It is 
important to find diagnostic methods that accurately discriminate between 
benign and malignant nodules. The current golden standard is US combined 
with FNA cytology, if indicated. As FNA is an invasive procedure, its use 
should be restricted to those cases in which non-invasive approaches fail 
to come to a definite diagnosis. In chapter 2 the results of our systematic 
review and meta-analysis on the value of thyroid nodule elastography. The 
results of twenty studies, compromising 3973 nodules, were included. Using 
a standard cut-off between elastography scale (ES) 2 and scale 3 resulted in a 
pooled sensitivity and specificity of 85% (95% CI, 79–90%) and 80% (95% CI, 
73–86%), respectively. The respective pooled NPV and PPV were 97% (95%CI, 
94–98%) and 40% (95% CI, 34–48%). The sensitivity and NPV even further 
increased to 99% (95% CI, 96–100%) and 99% (95% CI, 97–100%) with a cut-off 
between ES1 and 2. From this we concluded that if a nodule appeared soft on 
elastography, the chance that it would be a malignant are negligible and FNA 
can be safely omitted. Both cut-offs can be used, and it should be determined 
per center what risk of missing a malignant thyroid nodule is accepted. 

The use of elastography has been studied as well in different target 
populations. Trimboli et al. performed a meta-analysis of studies aiming to 
determine the role of elastography in patients that underwent FNA of their 
thyroid nodule and of which the FNA result was indeterminate (i.e. Bethesda 
III or IV). This analysis resulted in a disappointing pooled sensitivity of 69%, a 
specificity of 75%, and a respective NPV and PPV of 82 and 63%. In chapter 3 
we elaborated on the results of these meta-analyses and potential causes of 
the difference with the results in chapter 2. The higher incidence of malignant 
nodules might have partially contributed to the lower NPV in the study of 
Trimboli et al. However, this does not explain the significant difference entirely. 
Other potential causes are the low number of included studies and nodules and 
heterogeneity of the studies. At this point, however, we can only speculate on 
the causes of the modest accuracy of elastography in indeterminate nodules 
versus the high NPV in an unselected cohort of thyroid nodules.  

In chapter 4 we studied methods to decrease the percentage of 
nondiagnostic FNA results (i.e. Bethesda I). In a retrospective study we showed 
that rapid on-site adequacy assessment and three or more needle passes can 
improve adequacy rates.

Similar to the objective of using elastography in indeterminate nodules, 
BRAF mutation analysis on indeterminate FNA results, can be performed to 
determine whether a nodule is malignant. If a mutation in this gene is found, 
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the nodule is malignant as it is pathognomonic for DTC. We showed in chapter 5 
that this analysis on nodules with a Bethesda III or IV FNA result is cost-effective 
in the Netherlands.

Part 2

When a recurrence of DTC is suspected, based on increased Tg-levels, current 
guidelines advocate that a ‘blind’ therapy with 131I should be given. However, 
up to 40% of the post-therapy scans is negative. This implicates that no benefit 
from the treatment can be expected, while the patient has been exposed to 
radiation and THW. The combination of 124I and 18F-FDG PET/CT is promising 
in determining those patients likely to benefit from high dose 131I therapy. In 
chapter 6 the rationale and design of the Thyropet study were presented. This 
study aimed to evaluate the value of the combination of 124I and 18F-FDG PET/CT 
in 100 patients suspected of recurrent DTC. Primary endpoint of the study was 
the accuracy of 124I PET/CT to predict, at a patient level, the post-therapy 131I WBS 
test result, as an operationalization of the impact of the implementation of 124I 
PET/CT as a scouting procedure to set the indication for 131I therapy. A stopping 
rule was defined such that if 3 or more 124I PET/CT scans were false-negative the 
study would be preliminary stopped. 

As the study was designed as a multicenter study there was a need to 
standardize 124I PET/CT scanning to facilitate quantitative comparisons. In 
chapter 7 we reported on our approach to calibrate 18 scanners of two different 
vendors in 16 different centers. A phantom containing six vials containing 
increasing activities of 124I was scanned on every scanner twice within one 
week. The two measurements on each scanner did not differ, showing that the 
procedure was reproducible. A linear fit between measured (Am) and reference 
activities (Ar) proved to be the better fit over a linear fit. The �cal for scanners of 
Philips and Siemens ranged from 0.80 to 0.98 and 0.74 to 0.97, respectively. A 
Blant-Altman analysis showed that the relative errors of the calibrated activities 
was smaller the for the measured activities. This showed that our procedure 
improved the quantification per scanner and made the cohort of all scanners 
more accurate.

The main result of the Thyropet study was presented in chapter 8. 
After inclusion of 19 patients, of which two had to be excluded, the study was 
preliminary terminated, based on the predefined stopping rule. Eight out of 17 
(47%) of the post-therapy 131I WBS was negative, emphasizing the need to better 
select patients for 131I therapy. All eight were correctly predicted by a negative 124I 
PET/CT. Of the nine positive post-therapy WBS, four pre-therapeutic 124I PET/CT 
scans were concordant, meaning that five were discordant. Implementation of 
124I PET in this setting would thus have led to 47% (8/17) less futile 131I treatments, 
but 29% of patients (5/17) would have been denied the only potential curative 
therapy. We concluded that 124I PET/CT as applied in the Thyropet study should 
not be implemented in standard care at this point. 
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The explicit results of the Thyropet study raised the question on what 
the underlying causes were of the 124I PET/CT scans being false negative. A 
potential cause is the difference in administered activity of 124I (usually around 
74 MBq) versus the administered therapeutic activity 131I (usually around 
7400 MBq). On the other hand, PET has a higher sensitivity in comparison to 
SPECT. In chapter 9 we aimed to determine whether the administered activity 
of 124I is sufficient to achieve equal detectability. The NEMA-2007 image 
quality phantom was used to determine the contrast-to-noise ratio (CNR) for 
the different spheres at a range of activity concentrations. Subsequently, to 
determine the difference in detectability between 131I SPECT/CT and 124I PET/CT, 
the 124I activity concentration was expressed as a percentage of the 131I activity 
concentration required to achieve the same CNR. This metric was defined as 
the detectability equivalence percentage (DEP). Smaller spheres resulted in 
lower DEPs, so that a relatively low 124I activity concentration is sufficient to 
achieve a similar detectability of lesions with 124I PET/CT as with 131I SPECT/CT. 
The DEP was 1.5, 1.9, 1.9, 4.4, 9.0 and 16.2% for the spheres with a diameter of 
10, 13, 17, 18, 25 and 37 mm respectively, for attenuation and scatter corrected 
SPECT versus point spread function (PSF) modeled and time-of-flight (TOF) 
PET. When suboptimal PET reconstruction protocols (i.e. no-TOF and no-PSF) 
were used the DEP dropped significantly. From this we concluded that the 
relatively low activity used for 124I PET/CT scanning, around 1% of 131I activity, is 
sufficient for small spheres in optimal PET reconstruction settings. However, 
false-negative 124I PET/CT as compared with the post-therapy 131I SPECT/CT 
scans in larger lesions (>10 mm) and for no-PSF and no TOF PET might be 
caused by a difference in detectability. 
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Samenvatting (voor niet ingewijden)

Het doel van dit proefschrift was enerzijds om de diagnostiek van 
schildklierkanker te verbeteren (deel 1) en anderzijds om de diagnostische 
methoden om uitzaaiingen te detecteren te verbeteren (deel 2). 

Deel 1 – Het diagnosticeren van schildklierkanker

Veel mensen hebben een knobbel (nodus) in de schildklier. Een klein deel van 
deze nodi is kwaadaardig. Om een goedaardige nodus van een kwaadaardige 
te onderscheiden, dient de gebruikte diagnostische methode dit zo nauwkeurig 
mogelijk te doen. Dat wil zeggen dat de kansen dat deze methode een 
kwaadaardige nodus als goedaardig kwalificeert, of andersom, zo klein 
mogelijk zijn. 

De gouden standaard voor de evaluatie van schildkliernodi is 1) echografie 
en 2) dunne naald aspiraat. Echografie is een radiologisch onderzoek dat door 
middel van geluidsgolven en de specifieke weerkaatsing van deze golven 
beelden van weefsels genereert. Bij een dunne naald aspiraat (FNA) brengt 
de radioloog tijdens de echografie een dunne holle naald in de nodus en zuigt 
daar enkele cellen uit. Vervolgens worden deze cellen onder de microscoop 
onderzocht om te bepalen of de nodus al dan niet kwaadaardig is. Omdat 
FNA een invasieve methode is, moet het gebruik daarvan beperkt worden 
tot die patiënten, waarbij een niet-invasieve methode niet in staat is om een 
definitieve diagnose te stellen. 

In hoofdstuk 2 hebben wij onderzoek gedaan naar het gebruik van 
elastografie in de diagnostiek van schildkliernodi. Elastografie is een relatief 
nieuwe speciale echografie techniek, waarbij ook de elasticiteit van een 
schildkliernodus kan worden bepaald. De mate van elasticiteit van de nodus 
wordt onderverdeeld in vier categorieën: helemaal zacht (ES 1), grotendeels 
zacht (ES 2), grotendeels hard (ES 3) en helemaal hard (ES 4). De rationale is 
dat hardere nodi een grotere kans hebben om kwaadaardig te zijn dan zachtere 
nodi. 

In hoofdstuk 2 hebben wij de resultaten van twintig onderzoeken, 
waarin in totaal 3973 nodi werden onderzocht, nader geanalyseerd. De kans 
dat een zachte of grotendeels zachte nodus (ES 1 of 2) goedaardig is, is 97%, 
terwijl de kans dat een harde nodus (ES 3 of 4) kwaadaardig is, 40% is. Als de 
afkapwaarde tussen goed- en kwaadaardig wordt verschoven naar tussen ES 
1 en ES 2 worden de resultaten nog beter. De kans dat een zacht nodus (ES 
1) dan goedaardig is 99%. Hieruit concludeerden wij dat in het geval van een 
zachte nodus, de FNA veilig achterwege kan worden gelaten, omdat de kans 
dat een zachte nodus toch kwaadaardig blijkt te zijn, heel erg klein is. Welke 
afkapwaarde gebruikt wordt, dient per ziekenhuis door het behandelteam 
bepaald te worden.
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Elastografie wordt niet alleen toegepast bij patiënten bij wie een 
schildkliernodus recent is ontdekt, maar ook bij patiënten die al een FNA 
van een schildkliernodus hebben gehad. FNA is, zoals eerder besproken, 
zeer belangrijk om de aard van een schildkliernodus te bepalen. De uitkomst 
van een FNA wordt onderverdeeld in zes categorieën, de zogenaamde 
Bethesda classificatie. Categorie III of IV worden tezamen vaak in het Engels 
‘indeterminate’ genoemd, hetgeen ‘onbepaald’ betekent. Deze term wordt 
gebruikt omdat het onduidelijk is of deze nodi goed- of kwaadaardig zijn. 
Voor nodi waarvan de uitslag van de FNA ‘indeterminate’ is, is daarom nader 
onderzoek nodig, omdat de kans dat deze nodi kwaadaardig zijn, reëel is 
(~25%). Daarom is onderzocht of elastografie ook voor deze ‘indeterminate’ 
nodi een nauwkeurige diagnostische methode is. 

In een recent onderzoek uitgevoerd door een onderzoeksgroep uit 
Italië werden alle eerder verschenen onderzoeken naar dit onderwerp 
samengevoegd en geanalyseerd. In hoofdstuk 3 hebben we de verschillen 
tussen de resultaten van dit onderzoek en die van ons onderzoek 
bediscussieerd. De diagnostische waarde van elastografie voor deze 
specifieke nodi bleek in het onderzoek uit Italië een stuk lager dan dat 
wij in ons onderzoek hadden aangetoond. Met name het vermogen om 
goedaardigheid aan te tonen kwam in dit onderzoek niet naar voren. Waar in 
ons onderzoek de kans dat een zachte nodus inderdaad goedaardig was 97% 
bedroeg, bleek dat in het onderzoek uit Italië slechts 82% te bedrageǹ . Dat 
betekent dat de kans dat een zachte nodus toch kwaadaardig is bijna 1 op 5 
zou zijn. Deze kans is te groot om elastografie voor deze patiëntengroep te 
gebruiken. 

Het is niet met zekerheid te zeggen waarom de resultaten van beide 
onderzoeken zo verschilden. Het ging immers in beide onderzoeken om 
schildkliernodi, alleen in het onderzoek uit Italië betrof het een subgroep 
van deze nodi. Mogelijk worden de verschillen veroorzaakt doordat de 
onderzoeken die in de studie uit Italië werden geïncludeerd een lager aantal 
nodi hadden onderzocht en dat de opzet van de studies te verschillend waren. 
Het blijft speculeren en grotere onderzoeken met voldoende patiënten die 
zich specifiek richten op de groep patiënten met een ‘indeterminate’ FNA 
resultaat, zullen duidelijkheid moeten verschaffen over de rol van deze 
techniek in de diagnostiek van schildklierknobbels.

Een ander veelvoorkomend probleem bij de diagnostiek van schildklierkanker 
is dat het vaak voorkomt dat er te weinig cellen worden verkregen met de 
FNA. Op dit beperkte materiaal kan dan geen diagnose gesteld worden en dit 
wordt daarom een non-diagnostisch FNA resultaat genoemd. De patiënt moet 
daarom opnieuw een FNA ondergaan of zelfs worden geopereerd om een 
definitieve diagnose te stellen. In hoofdstuk 4 hebben we onderzocht hoe 
vaak een FNA resultaat non-diagnostisch was in het UMC Utrecht en welke 
interventies hebben geleid tot een lager percentage non-diagnostische FNA’s. 
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Wij hebben aangetoond dat een directe analyse onder de microscoop van het 
met FNA verkregen materiaal helpt om dit percentage te verlagen. Tevens 
lieten onze resultaten zien dat de kans dat er een diagnose gesteld kan worden 
op het met FNA verkregen materiaal hoger wordt, indien er vaker in de nodus 
wordt geprikt.

Naast elastografie worden ook andere diagnostische methoden 
onderzocht om te bepalen of een nodus met een ‘indeterminate’ FNA resultaat 
goed- of kwaadaardig is. Een van deze andere technieken is om te bepalen of 
de cellen verkregen middels FNA een mutatie in het zogenaamde BRAF-gen 
hebben. Bij alle patiënten met schildklierkanker is deze mutatie aanwezig in de 
kankercellen. Als op basis van de FNA met zekerheid gezegd kan worden dat 
een patiënt schildklierkanker heeft, wordt direct de hele schildklier operatief 
verwijderd. Indien het FNA resultaat ‘indeterminate’ is, dan wordt eerst de 
halve schildklier verwijderd en als in het verwijderde deel schildklierkanker 
wordt aangetoond, vervolgens met een nieuwe operatie de andere helft van 
de schildklier verwijderd. Omdat BRAF-mutatie analyse een relatief dure 
methode is, wordt deze analyse nog niet standaard toegepast.  In hoofdstuk 
5 hebben wij laten zien dat de extra kosten van het uitvoeren van deze test 
opwegen tegen de kosten die kunnen worden bespaard door in één keer de 
gehele schildklier te verwijderen in plaats van eerst de ene helft gevolgd door 
de andere. 

Deel 2 – Het diagnosticeren van mogelijke uitzaaiingen  
van schildklierkanker

Als een patiënt is behandeld voor schildklierkanker is de gehele 
schildklier operatief verwijderd en zijn er geen schildkliercellen meer in 
het lichaam aanwezig. De functie van de schildklier, het produceren van 
schildklierhormoon, wordt opgevangen door medicijnen die dit hormoon 
bevatten. Doordat er geen schildkliercellen meer in het lichaam aanwezig 
zijn, is in het bloed Thyreoglobuline (Tg), een eiwit dat door schildkliercellen 
wordt gemaakt, onmeetbaar laag. Bij alle patiënten die schildklierkanker 
hebben gehad, wordt daarom de Tg-waarde herhaaldelijk bepaald. Een stijging 
daarvan kan namelijk wijzen op uitzaaiingen van schildklierkanker. Als deze 
waarde verhoogd is, wordt middels echografie onderzocht of er uitzaaiingen 
in de lymfeklieren van de hals te zien zijn. Deze lymfeklieren zijn namelijk de 
meest voorkomende plek van uitzaaiingen van schildklierkanker. Indien daar 
uitzaaiingen worden gevonden, wordt de patiënt verwezen naar de chirurg om 
deze operatief te verwijderen. 

In het geval dat de Tg-waarde verhoogd is en er geen uitzaaiingen in de 
lymfeklieren in de hals worden gevonden, is er een verdenking op uitzaaiingen 
van schildklierkanker, maar is het niet duidelijk waar deze zich bevinden. 
Er zijn momenteel geen betrouwbare scantechnieken om de aanwezigheid 
van uitzaaiingen te bevestigen en de locatie ervan op te sporen.  De huidige 
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behandelrichtlijnen adviseren in zo’n geval om een zogenaamde ‘blinde’ 
dosis Jodium-131 (131I) te geven. Omdat jodium belangrijk is voor de productie 
van schildklierhormoon, wordt het door schildkliercellen opgenomen, en in 
principe ook door schildklierkankercellen. Andere cellen in het lichaam nemen 
niet of nauwelijks jodium op. 131I is een radioactieve variant van jodium en kan 
de cellen die dit opnemen van binnenuit bestralen en daarmee vernietigen. De 
blinde behandeling heeft als doel om de teruggekeerde schildklierkankercellen 
dit 131I op te laten nemen en daarmee te vernietigen. De behandeling wordt 
‘blind’ genoemd, omdat de arts vooraf aan de behandeling niet weet waar 
de uitzaaiingen zitten en of deze uitzaaiingen zich nog als schildkliercellen 
gedragen en dus jodium opnemen, of dat de uitzaaiingen getransformeerd zijn 
naar cellen die dit niet meer doen. Na de behandeling met 131I wordt vervolgens 
een zogenaamde SPECT/CT scan gemaakt om te evalueren of het 131I inderdaad 
in de uitzaaiingen is opgenomen en of enig effect van de behandeling is te 
verwachten. Uit eerdere onderzoeken is gebleken dat in tot wel 40% van de 
gevallen de SPECT/CT geen opname van 131I laat zien, waarmee de behandeling 
als niet zinvol kan worden beschouwd. Dit betekent dat er behoefte is om 
vooraf aan de blinde behandeling te weten welke patiënten wel en welke 
patiënten geen baat zullen hebben bij de behandeling met 131I.

In hoofdstuk 6 hebben we het studieprotocol van de Thyropet studie 
gepresenteerd. Deze studie had tot doel om met behulp van relatief nieuwe 
scanmethoden (18F-FDG PET/CT en 124I PET/CT) beter te voorspellen welke 
patiënten wel en welke patiënten geen baat zullen hebben bij de behandeling 
met 131I. 

18F-FDG is een radioactief gelabelde vorm van suiker. Deze methode 
wordt gebruikt bij het opsporen van uitzaaiingen van schilklierkanker, waarvan 
de cellen dusdanig veranderd zijn dat ze geen jodium meer opnemen, maar 
wel relatief veel suiker gebruiken. Jodium-124 (124I) is een andere variant van 
radioactief jodium met andere eigenschappen. Cellen die deze vorm van 
radioactief jodium opnemen worden niet bestraald, maar de straling van 124I 
kan met een zogenaamde PET/CT scanner worden gedetecteerd en daarmee 
afgebeeld. 

In figuur 1 in hoofstuk 6 (pagina 90) is de belangrijkste gedachte achter 
de Thyropet studie aan de hand van twee patiënten weergegeven. Bij de 
bovenste patiënt is er wel opname van 124I (fig. 1a) en niet van 18F-FDG (fig. 
1b) in de uitzaaiing in de borstkas. Bij deze patiënt is de verwachting dat een 
behandeling met 131I effect zal hebben, omdat de uitzaaiing jodium opneemt. 
Bij de onderste patiënt daarentegen is te zien dat er in de kleine uitzaaiingen 
in de longen (fig. 1c) geen 124I wordt opgenomen, terwijl deze wel 18F-FDG 
opnemen (fig. 1d). In dit geval zou een behandeling met 131I waarschijnlijk niet 
effectief zijn en achterwege gelaten worden. 

De Thyropet studie was een landelijk onderzoek dat werd uitgevoerd 
in meerdere ziekenhuizen met verschillende typen PET/CT scanners. In 
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hoofdstuk 7 hebben wij de procedure beschreven die wij hebben ontworpen 
en uitgevoerd om de 124I PET/CT scans vergelijkbaar te maken. Een vergelijkbare 
procedure bestond al voor 18F-FDG PET/CT. Er waren twee belangrijke doelen 
van dit project: 1) op alle 18 PET/CT scanners moest op dezelfde wijze gescand 
gaan worden tijdens het onderzoek en 2) de opname van 124I in uitzaaiingen 
moest kunnen worden gekwantificeerd op een manier dat deze meting 
vergelijkbaar was tussen de ziekenhuizen. Dit laatste hield in dat onafhankelijk 
van waar een patiënt gescand was, wij konden bepalen hoeveel124I in een 
uitzaaiing was opgenomen en dat die bepaling overeen zou komen met de 
werkelijke hoeveelheid opgenomen 124I. Om dit te bewerkstelligen hadden 
wij in een fantoom zes flesjes met oplopende hoeveelheden activiteit 124I op 
al deze PET/CT scanners gescand. De hoeveelheid activiteit in elk flesje was 
bekend en konden we daarom vergelijken met de gemeten activiteit. Aan de 
hand van deze metingen konden we met een model per scanner berekenen hoe 
de metingen nauwkeuriger konden worden gemaakt. In een vergelijking tussen 
de gemeten en de gekalibreerde activiteiten bleek dat de relatieve meetfout 
van de gekalibreerde activiteit lager was en daarmee de kalibratie procedure 
succesvol.

Het streven was om 100 patiënten met een verhoogde Tg-waarde, zonder 
aanwijzingen voor uitzaaiingen op echografie van de hals en gepland voor een 
‘blinde’ dosis met 131I, te includeren in meerdere ziekenhuizen in Nederland. Alle 
patiënten zouden eerst de 18F-FDG en 124I PET/CT scan krijgen, gevolgd door 
de behandeling met 131I. In de studie hadden we een zogenaamde stopregel 
opgenomen: indien tijdens de studie zou blijken dat de 124I PET/CT scan van drie 
patiënten negatief was, terwijl de SPECT/CT na de 131I behandeling van deze 
patiënten positief was, zou de studie voortijdig gestopt worden. In dat geval 
zouden patiënten die baat zouden hebben bij de 131I behandeling, deze op basis 
van de 124I PET/CT onterecht onthouden worden.

De belangrijkste resultaten van de Thyropet studie zijn gepresenteerd in 
hoofdstuk 8. Nadat er negentien patiënten in de studie waren geïncludeerd, 
werd de studie voortijdig beëindigd op basis van de vooraf gedefinieerde 
stopregel. Twee patiënten konden om verschillende redenen niet worden 
geanalyseerd, waardoor er 17 patiënten over bleven voor de analyses. Acht 
van de zeventien (47%) SPECT/CT scans na de 131I lieten geen opname zien, 
hetgeen benadrukt dat de noodzaak om de selectie van patiënten voor de 
behandeling met 131I moet worden verbeterd. Al deze acht negatieve scans 
werden correct voorspeld door een negatieve 124I PET/CT scan. Er waren negen 
131I SPECT/CT scans positief voor uitzaaiingen, waarvan er slechts vier correct 
werden voorspeld door de 124I PET/CT. Dit betekent dat er vijf scans fout 
negatief waren. Als 124I PET/CT op deze manier zou worden gebruikt in de zorg 
zouden er 47% minder patiënten een 131I behandeling krijgen, waarvan ze geen 
baat zouden hebben. Daartegenover staat echter dat 29% van de patiënten 
onterecht geen behandeling met 131I zou krijgen. Deze kans is onacceptabel 
hoog en daarom kan 124I PET/CT voor dit doel nog niet worden ingezet.
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De resultaten van de Thyropet studie deden de vraag rijzen wat de oorzaak 
was dat de 124I PET/CT negatief kon zijn, terwijl de 131I SPECT/CT positief was. 
Er zijn vele verschillende oorzaken mogelijk, waarvan er een door ons werd 
onderzocht. De resultaten van dit onderzoek staan beschreven in hoofdstuk 
9. Een belangrijk verschil tussen de 124I PET/CT scan en de 131I SPECT/CT scan 
is dat de toegediende activiteit van 131I ongeveer 100 maal hoger is dan die 
van 124I (7400 vs. 74 Megabecquerel (MBq)). Daar staat wel tegenover dat een 
PET/CT  scanner over het algemeen als ongeveer 100 keer zo gevoelig wordt 
beschouwd als een SPECT/CT scanner. 

In hoofdstuk 9 hebben we de resultaten beschreven van een onderzoek 
dat als doel had om uit te zoeken hoe deze verhoudingen in de praktijk de 
detecteerbaarheid van een uitzaaiing beïnvloeden. Dit hebben we onderzocht 
door te bepalen hoeveel 124I er nodig is om dezelfde detecteerbaarheid van 131I 
te bewerkstelligen. In een fantoom waarin bollen van verschillende diameter 
zaten, werden eerst opeenvolgende metingen met 131I op de SPECT/CT 
gemaakt, gevolgd door metingen met hetzelfde fantoom gevuld met 124I. De 
resultaten toonden dat 74 MBq 124I voldoende was om bij uitzaaiingen kleiner 
dan 10 mm een vergelijkbare detecteerbaarheid te genereren als optimale PET 
instellingen worden gebruikt. Echter, voor grotere laesies en bij het gebruik 
van suboptimale PET scanner instellingen, is de activiteit 124I onvoldoende om 
een vergelijkbare detecteerbaarheid te genereren. Mogelijk dat hogere doses 
toegediend 124I fout-negatieve 124I PET/CT scans in die gevallen zou kunnen 
hebben voorkomen. 
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