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Abstract
	 Background: A	 cross-sectional	 prospective	 study	 has	 been	 conducted	 on	 differentiated									
thyroid	 cancer	 (DTC)	 patients	 using	 negative	 131Iodine	 (131I)	 whole	 body	 scans	 and	 elevated	
thyroglobulin	(Tg)	 levels.	The	main	objective	of	 this	research	was	to	determine	the	prevalence	of	
the	conversion	of	differentiated	to	dedifferentiated	thyroid	cancer		patients	during	follow	up	at	the	
Hospital	Kuala	Lumpur.	It	has	been	demonstrated	that	fluorodeoxyglucose	(FDG)	uptake	is	inversely	
proportional	to	the	iodine	concentration	and	to	differentiation	of	the	cells.
	 Methodology: Thirty-five	patients	with	histologically	proven	DTC	that	have	undergone	total	
or	 near	 total	 thyroidectomy,	 and	 post	 131I	 radioactive	 iodine	 ablation	 therapy,	were	 selected	 and	
prospectively	analysed.	The	patients	also	had	 to	 show	at	 least	one	negative	whole	body	scan	and	
Tg	levels	of	10	μg/L	and	above.	The	results	of	the	FDG-Positron	Emission	Tomography/Computed	
Tomography	(PET/CT)	were	then	studied	to	determine	the	association	and	the	predictors	influencing	
the	outcome	by	using	univariable	and	multivariable	analyses.
	 Results: Out	of	 the	 thirty-five	patients,	60%	of	 them	(twenty-one)	showed	positive	results																				
and	 40%	 (fourteen)	 showed	 negative.	 Age,	 gender,	 and	 type	 of	 histopathology	 (HPE)	 showed	
significant	 associations	with	 the	positive	 results	 of	 the	FDG-PET/CT.	The	 results	 also	 showed	no	
correlations	observed	between	the	Tg	levels	and	standardised	uptake	value	(SUV)max	in	the	DTC	
patients	with	positive	disease	findings	in	the	FDG-PET/CT.	The	predictor	for	this	study	was	age.
	 Conclusion: The	prevalence	of	the	conversion	of	differentiated	to	dedifferentiated	thyroid	
cancer	among	patients	with	negative	131I	and	elevated	Tg	was	60%,	with	age	as	the	predictor.	DTC	
patients	aged	45	year-old	and	older	were	seven	times	more	likely	to	have	positive	results	of	FDG-
PET/CT	imaging.
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tomography

Introduction

 Thyroid carcinoma is rare among human 
malignancies (< 1%) but is the most frequent 
endocrine cancer, accounting for about 5% of 

thyroid nodules. The latter occur frequently in 
the general population and, according to the 
method of detection and the age of the patient, 
their prevalence may approach 20–50% of the 
population, thus representing a daily issue in 

Original Article

38
Malays J Med Sci. May-Jun 2014; 21(3): 38-46

mailto:drejaz9%40gmail.com%20?subject=


Original Article | Role of FDG-PET/CT in thyroid cancer

www.mjms.usm.my 39

endocrine clinics. Furthermore, the incidence of 
thyroid cancer (mainly differentiated) is one of 
the most rapidly increasing of all human cancers, 
with the papillary histotype being the most 
frequent (nearly 80%). In Malaysia, in 2006, it 
was the sixth most frequent of all cancers (1) and 
will probably move up in the next decade.
 In this study, the potential role                                                  
of fluorodeoxyglucose positron emission 
tomography/computed tomography (FDG-PET/
CT) scanning was investigated in differentiated 
thyroid cancer. Aggressive forms of thyroid                                                                  
cancer are more likely to metastasize, and at the 
same time, be more metabolically active, taking 
up FDG and being visualised on FDG-PET/CT 
whole body scanning. However, cells of high 
grade tumours often lose their differentiated 
functions, such as the uptake of iodine, which 
is a major therapeutic problem, especially in 
patients with nonsurgical metastatic foci or 
local recurrence. Therefore, they are likely to be                                                                                       
missed on diagnostic value whole body scan 
(DxWBS) and therapeutic dose whole body scan 
(TxWBS) levels (2).
 There is ongoing debate over the management 
of differentiated thyroid cancer (DTC) with 
respect to the extent of thyroid resection, 
indications for radioactive iodine treatment, 
and the extent of thyroid hormone suppression 
therapy. Progressive dedifferentiation of thyroid 
cancer cells leads to a loss of iodine concentrating 
ability, with resultant false negative whole body 
radioactive iodine scans in approximately 20% of 
all differentiated metastatic thyroid cancer lesions. 
Finally, the outcomes of this study (hopefully) 
will help in understanding the pathophysiology 
of differentiated thyroid cancer. Overall, the aim 
of this study is to determine the prevalence of the 
conversion of differentiated to dedifferentiated 
lesions among thyroid cancer patients during 
follow up at Hospital Kuala Lumpur (HKL).

Materials and Methods

 This cross-sectional study was conducted 
in the Department of Nuclear Medicine at 
Hospital Kuala Lumpur and Department of 
Nuclear Medicine, Hospital Putrajaya. The study 
participants included patients who have DTC 
and were referred to Hospital Kuala Lumpur, 
undergoing FDG-PET scanning at Hospital 
Putrajaya. The study period was 18 months, while 
the period for the collection of the data was 12 
months, beginning in April 2010 and finishing in 
April 2011.
 The inclusion criteria for the 131I WBS                                                                                                   

included all patients diagnosed  histopathologically 
with thyroid cancer, and those who underwent 
total thyroidectomy or near total thyroidectomy 
and post 131I radioactive iodine ablation therapy. 
Additionally, they had one or more consecutive 
negative 131I whole body scans, thyroglobulin 
(Tg) levels of 10 µg/L and above and thyroid 
stimulating hormone (TSH) levels > 30 mu/L. The 
study participants must also have stopped taking 
L levothyroxine (L4) for at least four weeks and 
consuming high levels of iodine and seafood for at 
least two weeks. Patients who were pregnant and 
who received thyrotropin α (recombinant human 
thyroid stimulating hormone) were excluded from 
the 131I WBS.
 Differentiated thyroid cancer patients with 
negative 131I whole body scans were eligible for 
FDG-PET/CT scans. However, patients with high 
serum glucose levels (> 8 mmol/L) and those who 
were too agitated, uncooperative or claustrophobic 
were excluded from the FDG-PET/CT scan.

Sample	size
 The sample size of this study was calculated 
using the Open Epi Version 2.3 software with a                                                                                                                 
β = 80% power of the study, while the 5%                              
precision α was 95%. The prevalence of 
differentiated thyroid cancer based on a previous 
study done by Pacini et al. in 2006 was 20% 
(3) The minimum sample size required for this                                                                                               
study was 26 respondents, with an additional 
20% for a final total of 31 respondents.

Variable	definition

Differentiated thyroid cancer

 Thyroid carcinoma has three main 
histological types: differentiated (including 
papillary, follicular, and Hürthle cell), medullary 
and anaplastic (aggressive undifferentiated 
tumour).

Thyroglobulin

 Thyroglobulin (Tg) is the matrix protein 
within the thyroid gland that provides the 
physical backbone for thyroid hormone synthesis. 
In addition, to this important function, Tg also 
serves as a specific biomarker of papillary and 
follicular thyroid cancer, and is one of the main 
antigens in autoimmune thyroid disease. A 
variety of methods have been used to detect Tg 
expression, including immunohistochemical, 
cytological, molecular, and biochemical. The 
quantitative evaluation of Tg expression is highly 
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dependent on the detection method, sample type 
and stage of malignant transformation (4).

131I whole body scans

 Although performed to detect areas of uptake 
following diagnostic or therapeutic 131I, the WBS 
is not very useful when there are large amounts 
of thyroid tissue remaining after surgery, which 
prevent the TSH from rising above 30 mU/
mL. Generally, the two “markers”, Tg and 131I 
WBS, when used at the same time, offer the best 
possibilities in the follow-up of patients with DTC.

Fluorodeoxyglucose-positron emission 
tomography (FDG-PET)

 Positron emission tomography (PET) is a 
scintigraphic technique which provides better 
resolution than conventional scans. Fluorine-18 
fluorodeoxyglucose (FDG) is a glucose analogue 
which is taken up and phosphorylated like                    
glucose, but does not undergo further metabolism. 
FDG phosphate is trapped in the cell, and an 
elevated FDG-uptake is known in malignant 
tissue. Carcinomas of a high malignancy grade 
usually show a more intense glucose uptake 
than low-grade tumours. Therefore, FDG-PET is 
regarded as useful in patients with an elevated Tg 
and negative results of 131I-scintigraphy.

Statistical analysis

 Software package used for statistical analysis 
(SPSS) version 16 was used to analyse the data, 
and descriptive statistics were applied to all 
variables, including age, gender, race, occupation, 
clinical characteristics, and the results of the 
FDG-PET/CT. The age variable was summarised 
by the mean and standard deviation (SD) while 
the categorical variables, such as the type of 
surgery, histopathological examination, FDG 
positivity SUV, and level of Tg were summarised 
as frequencies and percentages (%). 
 A possible correlation between the levels of 
Tg and SUV among DTC patients in this study, 
with positive result of the FDG-PET/CT, were also 
analysed using the Spearman correlation test. 
The Pearson chi-square and multivariable binary 
logistic regression (MLogR) were performed 
to determine the association between socio-
demographic and clinical factors and FDG-PET/
CT positivity. All of the independent variables 
with P < 0.25, and parsimonious, biologically or 
clinically important variables that were tested 

in the SLogR were then included in the MLogR 
modelling. The assumptions of the MLogR 
were checked before proceeding with variable 
selection, which was done by using forward 
inclusion and backward elimination methods. 
The multicollinearity and two-way interactions 
between the independent variables were checked, 
and the final model was then tested for goodness-
of-fit using the Hosmer-Lemeshow test and area 
under the receiver operating characteristics 
(ROC) curve. The findings of the MLogR were 
presented as the adjusted odds ratio (OR), 95% 
confidence interval (CI) and P values, and the 
level of significance was set at P < 0.05.

Results

 From a total of thirty-five differentiated 
thyroid cancer patients who underwent FDG-
PET/CT, twenty-one patients had positive 
results. The prevalence of positive FDG-PET/
CTs among differentiated thyroid cancer patients 
with negative diagnostic 131I whole body scans                     
was 60%.
 A univariable analysis (χ2 test) was done                      
on all of the independent variables. Table 1                                                                                                  
shows that the variables of age and gender 
have significant associations with the results 
of the FDG-PET/CT. Of the study participants, 
76.2% (16) of the patients aged 45 and above 
had positive results of the FDG-PET/CT. Of 
those aged below 45, 23.8% (5) showed  positive                                                    
results of the FDG-PET/CT. There was a 
statistically significant difference in that 57.1% 
of the females (12) had positive results of the                                                                                                 
FDG-PET/CT when compared to the males 
(42.8%) (9).
 Among the clinical determinants (Table 
2), the only type of HPE showing a significant 
association with the results of the FDG-PET/
CT was that 90.5% of the papillary thyroid cases 
were positive, and 9.5% (2) of the follicular 
thyroid cases were. The Tg levels also showed 
no significant differences with the results of the 
FDG-PET/CT (Table 3). There was no correlation 
observed (with a Spearman correlation coefficient 
of 0.257 and	P = 0.26) between the Tg levels and 
SUV in patients with DTC and positive disease 
findings in the FDG-PET/CT (Figure 1).
 The multivariable analysis using the              
multiple logistic regression analysis was done on 
the three significant variables from the previous 
χ2 test, that is, age, gender, and type of HPE, to 
determine the predictors among the patients in 
this study. Table 4 shows that age has a significant 
p value in this predictor model (P < 0.05).
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Table	1:	Association between socio-demographic factors and result of FDG-PET among DTC patients 
with elevated Tg and negative whole body scan

Variables Frequency	(%)
Positive

n	=	21
Negative

n	=	14
χ2 P	value

n % n %
Age

Below 45 5 23.8 11 78.6 10.151 0.001
45 and above 16 76.2 3 21.4

Gender
Male 9 42.9 1 7.1 5.250 0.028
Female 12 57.1 13 92.9

Race
Malay 18 85.7 10 71.4 1.071 0.401
Non malay 3 14.3 4 28.6

Occupation
employed 10 47.6 11 78.6 3.353 0.067
unemployed 11 52.4 3 21.4

Chi square test: significant when P < 0.05.

Table	2:	Association between clinical determinants and result of FDG-PET/CT among DTC patients 
with elevated Tg and negative whole body scan

Variables Frequency	(%)
Positive

n	=	21
Negative

n	=	14
χ2 P	value

n % n %
Type of Surgey

Completion Thyroidectomy 4 19.0 5 35.7 1.222 0.432
Total Thyroidectomy 17 81.0 9 64.3

Type of histopathology 
examination

Follicular 2 9.5 6 42.9 5.293 0.039
Papillary 19 90.5 8 57.1

Localisation of Positivity
Thyroid bed 12 57.1 10 71.4 0.734 0.392
Extra thyroidal site 9 42.9 4 28.6

Standardised Uptake Value 
(SUVmax)

Less than 3 3 14.3 2 14.3 0.000 1.000
3 and above 18 85.7 12 85.7

Chi square test: significant when P < 0.05.



42 www.mjms.usm.my

Malays J Med Sci. May-Jun 2014; 21(3): 38-46

Table	3:	Association between clinical determinants (Tg Levels) and result of FDG-PET/CT among      
DTC patients with elevated Tg and negative whole body scan

Variables Frequency	(%)
Positive

n	=	21
Negative

n	=	14
P	value 95.0%	CI

n % n % Lower Upper
10–100 µg/L 9 42.9 9 64.3 0.576 0.638 2.244
101–200 µg/L 6 28.6 1 7.1
201–300 µg/L 3 14.3 2 14.3
> 300 µg/L 3 14.3 2 14.3
Simple Logistic Regression, P < 0.05.

Table	4:	Results from multiple logistic regression as predictors for FDG-PET/CT results
Variables Frequency	(%)

Positive
n	=	21

Negative
n	=	14

P	
value

Adj	
OR

95.0%	CI.for	
EXP(B)

n % n % Lower Upper
Age

Below 45 5 23.8 11 78.6 0.037 6.712 1.125 40.038
45 and above 16 76.2 3 21.4

Gender
Male 9 42.9 1 7.1 0.100 0.093 0.006 1.570
Female 12 57.1 13 92.9

Type of histopathology 
examination

Follicular 2 9.5 6 42.9 0.104 0.132 0.011 1.520
Papillary 19 90.5 8 57.1

Figure	 1: Correlation Graph of Tg levels and 
SUVmax.

Discussion

 Based on this study, age, gender, and type of 
HPE showed a significant association (P < 0.05) 
with the results of the FDG-PET/CT imaging. 
These findings were similar to previous results 
(5) where many formal prognostic systems 
recognized that the age at diagnosis, gender, 
histological features, tumour size, extrathyroidal 
extension, and clinical stage are key predictors of 
survival.
 Age is a critical predictor of patient 
outcome; patients aged > 40 year-old have 
increased recurrence rates, and the rates become 
significantly worse after 60 years of age (6). The 
most important prognostic factors include age 
and gender for good disease-specific outcomes in 
the majority of patients (7).
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 A study conducted in Malaysia reported 
that older age was associated with lower relative 
survival caused by rapid metastatic progression in 
patients aged 40 years old and older. The female 
to male ratio was higher, although the survival 
probabilities in their study were not significantly 
different, and they also concluded that age was 
one of prognostic factors for differentiated thyroid 
cancer patients in the Hospital Universiti Sains 
Malaysia (HUSM) (8). Women are 2 to 4 times 
more likely to develop differentiated thyroid 
cancer, with a median age at diagnosis between 
40 and 50 years (9).
 A study done on 22 patients with papillary 
thyroid cancer evaluated by FDG-PET/CT 
imaging, in cases of negative 131I whole body scans, 
a sensitivity and specificity of 80% and 83% were 
found. The study also concluded that FDG-PET/
CT appears to be effective for detecting recurrent 
or metastatic differentiated thyroid cancer, 
particularly in patients with negative radioiodine 
scans and elevated Tg levels (10).
 More recently, it was reported that there was 
a significant correlation between FDG uptake 
and the stage of thyroid cancer in both papillary 
carcinoma and follicular carcinoma, among all of 
their patients that had elevated Tg levels (11).
 The most prevalent mutation identified 
to date involves an intracellular effector in this 
mitogen-activated protein kinase (MAPK) cascade 
known as BRAF. The V600E BRAF mutation has 
been identified in 33–73% of the cases of papillary 
thyroid cancer. Several studies have identified this 
mutation as an independent predictor of tumour 
recurrence (12).
 This study has shown no correlation 
between the Tg levels and the SUVmax in DTC 
patients with positive results in the FDG-PET/
CT. Consideration should be given that the low 
degree of malignancy in DTC and its slow growth 
resulted in lower glucose metabolism than other 
tumours with a greater degree of malignancy. For 
this reason, the SUVmax is not as reliable as in 
other tumours, since malignant lesions with a 
maximum SUVmax of less than three have been 
found. High levels of serum Tg have been found 
more often in patients with follicular thyroid 
cancer than in patients with papillary thyroid 
cancer (13).
 18F-FDG PET/CT is useful in the detection of 
differentiated thyroid cancer residual, recurrent 
or metastatic disease in patients with elevated Tg 
and negative 131I whole body scans (14).
 Aggressive forms of thyroid cancer are more 
likely to metastasize, and at the same time, be 
more metabolically active, therefore, taking up 

FDG and being seen on FDG-PET/CT whole body 
scanning. However, cells of high-grade tumours 
usually lose some of their differentiated functions, 
such as the uptake of iodine, and therefore, 
are likely to be missed on DxWBS and TxWBS. 
They also found that high median SUVs and the 
correlation between positive FDG-PET/CT scans 
and the long-term course of the disease suggest 
further exploration of the potential role of FDG-
PET/CT in the initial evaluation of DTC (15).
 Long-term surveillance strategies can also be 
modified according to the risk of recurrence. Low-
risk patients are those who do not have nodal or 
distant metastasis, residual disease, or aggressive 
histological features. Intermediate risk patients 
have microscopic extrathyroidal extensions, 
or aggressive histological features such as 
lymphovascular invasion or tall cell, insular or 
columnar cell carcinomas. High-risk patients 
include those with distant metastases, evidence of 
extrathyroidal 131I uptake, incomplete resection, 
or macroscopic tumour invasion. Surveillance 
methods include whole-body radioiodine 
scanning, simultaneous measurements of serum 
TSH, Tg and anti-thyroglobulin antibodies, 
physical exam and neck ultrasound.
 FDG-PET/CT is no substitute for 131I WBS. 
However, in patients with elevated Tg levels 
and negative 131I WBS, FDG-PET/CT can be 
used to detect lymph node metastases, while 
spiral computed tomography is necessary for 
the detection of small pulmonary metastases. 
Additionally, the widely accepted 1 cm limit 
for the lymph node diameter in anatomical 
imaging does not apply to FDG-PET/CT. In this 
sense, FDG-PET/CT can be used to complement 
ultrasonography or MRIs. Finally, FDG-PET/CT 
may improve the diagnostic information on which 
surgical strategy is based by revealing further 
metastases in normal-sized lymph nodes in the 
same compartment as the enlarged node and/or 
in additional lymph node compartments (16).
 FDG-PET/CT has sensitivity and specificity 
for the detection of recurrences or distant 
metastases that range from 45–100% and 
42–90%, respectively. Its sensitivity is greater 
in patients with negative scans since the FDG 
uptake is inversely proportional to the iodine 
concentration and to the differentiation of the 
cells. Therefore, the PET is more effective in 
poorly differentiated tumours that do not take up 
iodine (17).
 FDG-PET/CT is useful in patients with 
elevations of Tg due to the inverse relationship 
between loss of iodine avidity and gain of 
glucose utilization that occurs with tumour 
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Figure	3:	 18FDG-PET/CT showed focus of FDG 
hypermetabolism at left thyroid bed 
(arrow), which was diagnosed as FDG 
avid local recurrence.

Figure	 5: 18FDG-PET/CT showed Foci of FDG 
hypermetabolism at left thyroid bed, 
left cervical lymph nodes and multiple 
lung nodules in the right lung (arrow) 
which was diagnosed as FDG avid 
local recurrence and metastases to 
lymph nodes in the neck and lung.

Figure	 2: A 46-year-old female with history 
of papillary thyroid cancer who 
underwent total thyroidectomy 
followed by radioiodine ablation         
with two negative 131I diagnostic 
whole body scan and elevated 
thyroglobulin (155 µg/L).

Figure	 4:	 A 73-year-old male with history 
of papillary thyroid cancer who 
underwent total thyroidectomy 
followed by radioiodine ablation         
with two negative 131I diagnostic 
whole body scan and elevated 
thyroglobulin (78 µg/L).
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dedifferentiation (Figure 2–5). PET has a 
sensitivity of 50–70% with an increase in 
sensitivity as the Tg level increases. HCC, in 
particular, has high avidity for FDG and the             
avidity may also have prognostic significance; 
metastatic HCC lesions with a higher maximum 
SUVmax (> 10) have been associated with a 
poorer outcome compared to those with a lower 
SUVmax (5-year mortality of 64% vs 92%) (18).
 Two decades of FDG-PET/CT have 
introduced molecular imaging into daily clinical 
practice. The visual assessment of PET-CT/CT 
currently suffices for various clinical situations, 
and it has become a standard test for indications 
in many institutes. So far, the lack of ‘quantitative’ 
quality control and assurance has slowed the 
progress of PET into the field of prognostication 
and qualification as a biomarker of response 
to therapy. Apparently, the switch from the 
qualitative into the quantitative domain requires 
a different mind-set of imaging specialists. Recent 
standardisation efforts have now introduced 
generally applicable procedures which will help 
to move the field into the quantitative domain 
that is essential for truly personalised medicine. 
An important lesson from the FDG experience is 
that the introduction of new technology requires 
a structured and multidisciplinary approach 
of technical and biological validation, to avoid 
endless cycles of ‘trial and error’.

Study Limitations

 Estimates of the association might be 
biased due to a correlation between unobserved 
factors associated with treatment selection and 
outcomes, such as the patient’s preference due to 
small sample size, financial, and time constraints.
 It is worth mentioning that the low degree of 
malignancy of differentiated thyroid cancer and its 
slow growth results in lower glucose metabolism 
than other tumours with greater degrees of 
malignancy. For this reason the SUVmax is not 
as reliable as in other tumours, since malignant 
lesions with a maximum SUVmax of 2.4 have been 
found, and the resolution limit of the millimetric 
lesions, especially when they have a low degree of 
malignancy, should be considered.

Conclusions

 In conclusion, the prevalence of positive 
results for FDG-PET/CT imaging in this study 
was 60%, with age as the predictor. Differentiated 
thyroid cancer patients aged 45 year-old and 

older were seven times more likely to have 
positive results of the FDG-PET/CT imaging. 
Special consideration and priority should be given 
in this age group to look for recurrence or occult 
metastasis. Recent advances in the understanding 
of differentiated thyroid cancer tumour biology 
hold promise for improving the ability to predict 
tumour behaviour and aggressiveness, thereby 
allowing more appropriate risk stratification, 
imaging surveillance, and treatment.
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