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Abstract 

Introduction. Hyperthyroidism was thought to lower thyroid cancer risk due to TSH suppression, potentially leading to 
overlooked diagnoses. This study examines clinical factors linked to thyroid cancer in hyperthyroid patients who have 
undergone thyroidectomy.  

Objective. This study determined the clinical factors associated with malignancy among patients with hyperthyroidism who 
underwent thyroidectomy in a tertiary hospital. 

Methods. This analytical cross-sectional study reviewed electronic biopsy results of adult patients who underwent 
thyroidectomy from January 2009 to December 2019 for hyperthyroidism secondary to Graves’ Disease, Solitary Toxic 
Adenoma or Multinodular Toxic Goiter. It considered factors linked to thyroid cancer, its prevalence, and clinical features 
associated with aggressive tumor behavior.  

Results. Sixty hyperthyroid patients who underwent thyroidectomy were included, 12 of whom have thyroid cancer. Each 
increase in the initial free thyroxine (FT4) leads to increased likelihood of thyroid cancer by 1.02 times (95% CI 1.001-1.03, 
p=0.044). The presence of thyroid nodule is associated with 24 times (95% CI 2.67-3275.62, p=0.002) higher risk of thyroid 
cancer, while every unit increase in mm for nodule diameter increases thyroid cancer odds by 1.04 times (95% CI 1.01-1.07, 
p=0.022). An FNAB pre-op diagnosis of malignancy is associated with having histopathologic diagnosis of thyroid cancer 
increased by 40 times (95% CI 2.42-6668.98, p=0.007). Although aggressive tumor behavior was noted among those with 
a younger age on average (36.35 vs 46.75 years), higher initial FT4 (95.97 vs 23.55 pmol/L), and those with sizeable 
diameter of multinodular goiter (95 mm vs 20 mm), only the high FT4 was statistically significant. 

Conclusion. Initial FT4, thyroid nodules, nodule size, and pre-operative FNAB finding of a malignancy were the factors 
associated with thyroid cancer in hyperthyroid patients who underwent thyroidectomy. Furthermore, those with aggressive 
tumor behavior had higher initial FT4 levels.  
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Introduction 

Hyperthyroidism is a state of overactive thyroid gland 
producing clinical manifestations reflective of excessive 
thyroid hormones. The common causes are TSH receptor 
overstimulation by autoantibodies that act as agonists, 
Graves’ Disease, and autonomous thyroid hormone 
secretion by multinodular toxic goiter or a solitary thyroid 
adenoma. 

In the past, hyperthyroidism was believed to be 
protective of thyroid cancer since TSH suppression in 

these patients lead to a lower incidence of malignancy 
than that observed in euthyroid patients.1 In contrast, 
most patients with thyroid cancer are euthyroid or have 
clinical/subclinical hypothyroidism.2 This view is slowly 
being supplanted by reports that hyperthyroidism is 
associated with notable rates of thyroid malignancy.3 It 
has been reported that thyroid cancer occurs in 0.76% to 
8.7% of the glands removed for treatment of 
thyrotoxicosis.4 Furthermore, in the evaluation of thyroid 
nodules >1cm, American Thyroid Association (ATA) 
recommends that radionuclide thyroid scan should be 
obtained if the serum TSH is subnormal to document 
whether the nodule is hyperfunctioning (“hot”), iso-
functioning (“warm”) or non-functioning (“cold”). Since 
hyperfunctioning nodules rarely harbor malignancy, no 
cytologic evaluation is deemed necessary.5 Thus, the 
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diagnosis of thyroid malignancy in hyperthyroid patients 
may be overlooked. 

This study aimed to identify clinical predictors of 
malignancy by evaluating the clinical profiles and 
histopathologic characteristics of patients with 
hyperthyroidism who were found to have concurrent 
thyroid cancer following thyroidectomy. To our 
knowledge, this is the first study in the Philippines to 
specifically investigate the coexistence of 
hyperthyroidism and thyroid cancer. 

Methodology 

Study Design and Population. In this analytical, cross-
sectional chart review, we screened a total of 60 charts of 
all patients 18 years of age and older who underwent 
thyroidectomy from January 2009 to December 2019 for 
hyperthyroidism secondary to Graves’ Disease, Solitary 
Toxic Adenoma or Multinodular Toxic Goiter. A total of 
2,116 charts were excluded for patients who underwent 
thyroidectomy for non-toxic goiter or thyroiditis with 
thyroid cancer. No patients were excluded for missing 
clinic record (Figure 1). The protocol underwent review 
and assessment by the Institutional Review Board and 
Ethics Committee of Chong Hua Hospital and approved 
by the Medical Director of the same institution.  

An a priori calculation indicated that 95 patients were 
required to detect an odds ratio of 3.53 for the 
association between preoperative TMNG and 
malignancy at α=0.05 and 80% power.6,7 Only 60 charts 
met eligibility criteria and were therefore included in the 
study. 

The charts were meticulously examined to extract 
pertinent details, focusing on various critical aspects of 
the patient's care. This comprehensive review included 
emergency notes (evaluating initial assessments, 
treatment protocols, and immediate responses to 
emergency treatments),  diagnostic Information 
(analyzing test results, imaging reports, and clinical 
evaluations to understand the patient's condition and 
progress), consultations (reviewing notes from specialist 
consultations and interdisciplinary team meetings to 
ensure that expert opinions and recommendations were 

considered and integrated 
into the care plan), and 
discharge reports 
(assessing the summaries 
and instructions provided 
upon discharge to confirm 
that they accurately reflect 
the patient's status and 
provide clear guidance for 
follow-up care). 

This thorough analysis 
aimed to ensure that all 
relevant information were 
captured and that the care 
provided was consistent, 
comprehensive, and well-
documented. The review 
elected to include only data 

relevant to the objectives of the study and omitted 
personal and identifying information.  

Statistical Analysis. Descriptive statistics was used to 
summarize the general and clinical characteristics of the 
participants. Frequency and proportion were used for 
categorical variables (nominal/ordinal), mean and 
standard deviation for normally distributed interval/ratio 
variables, and median and range for non-normally 
distributed interval/ratio variables. 

Independent t-test, Mann-Whitney U test and Fisher’s 
Exact test were used to determine the difference of 
mean, median and frequency between groups, 
respectively. 

Odds ratios and the corresponding 95% confidence 
intervals from binary logistic regression were computed 
to determine the association between patient features 
and presence of thyroid cancer, and between patient 
features and presence of aggressive tumor. A 
multivariate model was not feasible since many of the 
factors were highly correlated. 

No subgroup, interaction, or sensitivity analyses were 
performed. All valid data was included in the analysis. 
Missing variables were neither replaced nor estimated.  

A retrospective power calculation was performed for the 
primary nodule-count comparison (0 vs. 1–2 nodules), 
using the observed odds ratio (OR 24.56), group sizes 
(n1=19 without nodules; n2=21 with 1–2 nodules), and a 
0.5 continuity correction for the zero cell. Using the 
pwr.2p2n.test() function in R (version 4.2.2), this yielded 
an achieved power of 89.9% at α=0.05. Null hypothesis 
was rejected at α=0.05 level of significance. R 4.2.2 was 
used for data analysis. 

Results 

Our study shows that thyroid cancer had a prevalence of 
20 per 100 hyperthyroid patients who have undergone 
thyroidectomy in our hospital (Table I). The data offers a 
comprehensive snapshot of a patient cohort undergoing 
thyroid treatment. The average age of the patients is 

 
Figure 1. Flow Diagram of the Study Population 
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40.83 years, with a significant predominance of females  
(80%) over males (20%). The average BMI is 24.22 kg/m², 

with 5% classified as underweight, 33.33% as normal 
weight, 23.33% as overweight, and 38.33% as obese. 
Most patients have never smoked (91.67%), and only a 
small fraction has a family history of thyroid cancer 
(1.67%). The primary causes of hyperthyroidism in the 
cohort are Grave’s disease (46.67%), multinodular toxic 
goiter (43.33%), and toxic adenoma (10%). Initial FT4 
levels vary widely, with a mean of 35.04 pmol/L. The 
number of thyroid nodules ranges from none in 31.67% 
of patients to three or more in 33.33%. Nodule sizes vary 

Table I. Prevalence of thyroid cancer among 
hyperthyroid patients who underwent 
thyroidectomy. 

 n/N Prevalence (95% CI) 
Prevalence 12/60 20 (10.78, 32.33) 

 

Table II.  Demographic and clinical features of patients with hyperthyroidism who underwent thyroidectomy. 

 Mean ± SD; Median (Range); Frequency (%) 
P  

Total (n=60) 
With Thyroid CA 

(n=12) 
No Thyroid CA 

(n=48) 
Age, years 40.83 ± 13.43 43.25 ± 14.07 40.23 ± 13.35 0.491* 
Gender    0.234‡ 

Male 12 (20) 4 (33.33) 8 (16.67)  
Female 48 (80) 8 (66.67) 40 (83.33)  

BMI, kg/m2 24.22 ± 3.76 24.23 ± 2.64 24.22 ± 4.03 0.994* 
Underweight 3 (5) 0 3 (6.25) 0.700‡ 
Normal 20 (33.33) 3 (25) 17 (35.42)  
Overweight 14 (23.33) 4 (33.33) 10 (20.83)  
Obese 23 (38.33) 5 (41.67) 18 (37.50)  

Smoking history    0.134‡ 
Never 55 (91.67) 10 (83.33) 45 (93.75)  
Current 4 (6.67) 1 (8.33) 3 (6.25)  
Past 1 (1.67) 1 (8.33) 0  

Family history of thyroid cancer    >0.999‡ 
No 59 (98.33) 12 (100) 47 (97.92)  
Yes 1 (1.67) 0 1 (2.08)  

Hyperthyroid or thyrotoxicosis etiology    >0.999‡ 
Grave’s disease 28 (46.67) 6 (50) 22 (45.83)  
Multinodular toxic goiter 26 (43.33) 5 (41.67) 21 (43.75)  
Toxic adenoma 6 (10) 1 (8.33) 5 (10.42)  

Initial FT4 35.04 (11.31-188) 68.89 (11.31-188) 34.21 (11.43-168( 0.108§ 
Number of thyroid nodules    0.007‡ 

0 19 (31.67) 0 19 (39.58)  
1-2 21 (35) 8 (66.67) 13 (27.08)  
≥3 20 (33.33) 4 (33.33) 16 (33.33)  

Thyroid nodules     
Size, mm     

Grave’s disease 0 (0-62) 15.50 (4.50-42) 0 (0-62) <0.001§ 
Toxic adenoma 20.33 ± 15.50 14 ± 0 21.6 ± 16.98  0.704* 
Multinodular goiter** 23 (7-110) 48 (8-110) 23 (7-50) 0.254§ 

Pre-operative FNAB [n=14]    0.007‡ 
Benign 6 (42.86) 1 (12.50) 5 (83.33)  
AUS/FLUS 0 0 0  
Follicular neoplasm 1 (7.14) 0 1 (16.67)  
Suspicious for malignancy 2 (14.29) 2 (25) 0  
Malignancy 5 (35.71) 5 (62.50) 0  
Non-diagnostic 0 0 0  

Anti-thyroid medication pre-surgery     
Drug    0.692‡ 

PTU 8 (13.33) 1 (8.33) 7 (14.58)  
Methimazole 46 (76.67) 11 (91.67) 35 (72.92)  
Carbimazole 1 (1.67) 0 1 (2.08)  

Duration, years  4 (0.08-30) 2.50 (0.08-20) 4 (0.08-30) 0.271§ 
Extent of surgery     

Thyroidectomy    0.182‡ 
Total 51 (85) 12 (100) 39 (81.25)  
Subtotal 9 (15) 0 9 (18.75)  

Statistical tests used: * - Independent T-test; §–Mann-Whitney U test; ‡–Fisher’s exact test 
**Largest nodule on Thyroid ultrasound. 
AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FNAB, fine needle aspiration biopsy; LN, lymph 
node; PTU, propylthiouracil. 
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based on the condition, with toxic adenomas averaging 
20.33 mm in size. Pre-operative fine needle aspiration 
biopsies showed a mix of benign cases, suspicious 
findings, and malignancies. Anti-thyroid medications 
used pre-surgery include methimazole (76.67%) and PTU 
(13.33%), with treatment durations averaging four years. 
The majority of patients underwent total thyroidectomy 
(85%), while a smaller group had subtotal thyroidectomy 
(15%). 

We grouped the study population into those identified to 
have thyroid cancer (n=12) and those without (n=48), and 
found the following to be significantly different between 
the two: (1) the proportion of patients with 1-2 thyroid 
nodules were higher among thyroid cancer group 
(66.67% vs 27.08%, p=0.007) and only those without 
thyroid cancer were noted to have no thyroid nodules 
(39.58%); (2) likewise, the median thyroid nodule size in 
mm was higher in the thyroid cancer group, specifically 
those with Graves’ Disease (15.5 [4.5-42) vs 0 [0-62]; 
p<0.001); (3) from those with pre-operative FNAB (n=14), 
only those with thyroid cancer were assessed to be 
malignant, with only one patient initially assessed as 
benign and two patients suspicious for malignancy 
(p=0.007). 

Table III showed the clinical and histopathologic features 
of thyroid cancer in hyperthyroid patients. Half have 
papillary type and the other half have micropapillary type 
of cancer. Eight (66.67%) were unilateral only, four 
(33.33%) have metastasis, all regional; and only one have 

recorded recurrence. Four (33.33%) were considered to 
have aggressive tumor behavior. 

The following features were associated with thyroid 
cancer (Table IV): initial FT4, presence of thyroid nodules, 
nodule size on ultrasound and pre-operative FNAB 
finding of a malignancy. Specifically, (1) each increase in 
initial FT4 leads to increased likelihood of thyroid cancer 

Table IV. Association of patient features with presence 
of thyroid cancer 

 Crude OR (95% CI) p 
Age, years 1.02 (0.97-1.07) 0.484 
Gender   

Male Reference - 
Female 0.40 (0.10-1.78) 0.206 

BMI, kg/m2   
Underweight Reference - 
Normal 1.40 (0.10-204.31) 0.831 
Overweight 3 (0.22-435.70) 0.454 
Obese 2.08 (0.16-296.30) 0.620 

Smoking history   
Never Reference - 
Current 1.50 (0.07-13.19) 0.737 
Past 13 (0.65-1953.55) 0.092 

Family history of thyroid 
cancer   

Yes 1.27 (0.01-25.29) 0.889 
No Reference - 

Hyperthyroid or 
thyrotoxicosis etiology   

Grave’s disease Reference - 
Multinodular toxic goiter 0.87 (0.22-3.33) 0.841 
Toxic adenoma 0.73 (0.03-5.84) 0.794 

Initial FT4 1.02 (1.001-1.03) 0.044 
Number of thyroid nodules   

0 Reference - 
1-2 24.56 (2.67-3275.62) 0.002 
≥3 10.64 (1.02-1449.16) 0.048 

Thyroid nodule   
Size, mm 1.04 (1.01-1.07) 0.022 
Pre-operative FNAB   

Benign Reference - 
AUS/FLUS - - 
Follicular neoplasm 1.22 (0.01-42.76) 0.916 
Suspicious for 

malignancy 18.33 (0.87-3184.52) 0.062 
Malignancy 40.33 (2.42-6668.98) 0.007 
Non-diagnostic -  - 

Anti-thyroid medication pre-
surgery   

Drug   
PTU Reference - 
Methimazole 2.20 (0.34-43.48) 0.483 
Carbimazole 1.67 (0.01-57.02) 0.789 

Duration, years  0.95 (0.83-1.06) 0.445 
Extent of surgery   

Thyroidectomy   
Total Reference - 
Subtotal 0.17 (0.001-1.49) 0.125 

Note: A multivariate model was not feasible since many of the 
factors were highly correlated. 

 

Table III. Clinical and histopathologic features 
of thyroid cancer in hyperthyroid 
patients who underwent 
thyroidectomy (n=12) 

 Frequency (%); Median 
(Range) 

Cancer type  
Papillary  6 (50) 
Micropapillary 6 (50) 

Tumor size, mm 9.50 (6-30) 
Bilaterality  

Unilateral 8 (66.67) 
Multifocal 4 (33.33) 

Metastasis  
No 8 (66.67) 
Yes 4 (33.33) 

Regional 4 (100) 
Distal 0 

Number of RAI 
treatments 

1 (0-2) 

Recorded recurrence  
No 11 (91.67) 
Yes 1 (8.33) 

Regional 1 (100) 
Distal 0 

Aggressive tumor 
behavior* 

4 (33.33) 

*With features of metastasis, ≥2 RAI treatments, or 
recurrence. 
LN, lymph node; RAI, radioactive iodine. 
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by 1.02 times (95% CI 1.001-1.03, p=0.044); (2) patients 
with at least one nodule were at least 24 times (95% CI 
2.67-3275.62, p=0.002) more likely to have thyroid 

cancer, while (3) those with three or more are 10 times 
(95% CI 1.02-1449.16, p=0.048) more likely; (4) every unit 
increase in mm for nodule diameter increases thyroid 

Table V. Demographic and pre-operative clinical features of hyperthyroid patients with aggressive versus 
non aggressive tumor behavior 

 Mean ± SD; Median (Range); Frequency (%)  
 Total (n=12) Aggressive (n=4) Non-aggressive (n=8) P 
Age, years 43.25 ± 14.07 36.35 ± 16.23 46.75 ± 12.56 0.240* 
Gender    >0.999‡ 

Male 4 (33.33) 1 (25) 3 (37.50)  
Female 8 (66.67) 3 (75) 5 (62.50)  

BMI, kg/m2 24.37 ± 2.64 23.77 ± 2.62 24.46 ± 2.80 0.693* 
Underweight 0 0 0 0.785‡ 
Normal 3 (25) 1 (25) 2 (25)  
Overweight 4 (33.33) 2 (50) 2 (25)  
Obese 5 (41.67) 1 (25) 4 (50)  

Smoking history    >0.999‡ 
Never 10 (83.33) 4 (100) 6 (75)  
Current 1 (8.33) 0 1 (12.50)  
Past 1 (8.33) 0 1 (12.50)  

Family history of thyroid cancer    >0.999‡ 
No 12 (100) 4 (100) 8 (100)  
Yes 0 0 0  

Hyperthyroid or thyrotoxicosis 
etiology 

   0.343‡ 

Grave’s disease 6 (50) 1 (25) 5 (62.50)  
Multinodular toxic goiter 5 (41.67) 2 (50) 3 (37.50)  
Toxic adenoma 1 (8.33) 1 (25) 0  

Initial FT4 68.55 ± 51.86 95.97 ± 54.99 29.55 ± 38.33 0.044* 
Number of thyroid nodules    >0.999‡ 

0 0 0 0  
1-2 8 (66.67) 3 (75) 5 (62.50)  
≥3 4 (33.33) 1 (25) 3 (37.50)  

Thyroid nodules     
Size, mm     

Grave’s disease 15.50 (4.50-42)  35 10 (4.5-42) 0.380§ 
Toxic adenoma 14 ± 0 14 ± 0 0 - 
Multinodular goiter** 48 (8-110) 95 (80-110) 20 (8-48) 0.200§ 

Pre-operative FNAB [n=8]    >0.999‡ 
Benign 1 (12.50) 0 1 (16.67)  
AUS/FLUS 0 0 0  
Follicular neoplasm 0 0 0  
Suspicious for 

malignancy 
2 (25) 0 2 (33.33)  

Malignancy 5 (62.50) 2 (100) 3 (50)  
Non-diagnostic 0 0 0  

Anti-thyroid medication pre-
surgery 

    

Drug    >0.999‡ 
PTU 1 (8.33) 0 1 (12.50)  
Methimazole 11 (91.67) 4 (100) 7 (87.50)  
Carbimazole 0 0 0  

Duration, years  4.97 ± 5.87 6.83 ± 8.99 4.03 ± 4.07 0.462* 
Extent of surgery     

Thyroidectomy    >0.999‡ 
Total 12 (100) 4 (100) 8 (100)  
Subtotal 0 0 0  

LN dissection    0.236‡ 
Without 9 (75) 2 (50) 7 (87.50)  
With 3 (25) 2 (50) 1 (12.50)  

Statistical tests used: * - Independent T-test; §–Mann-Whitney U test; ‡–Fisher’s exact test 
**Largest nodule. 
AUS/FLUS, atypia of undetermined significance/follicular lesion of undetermined significance; FNAB, fine needle aspiration biopsy; LN, 
lymph node; PTU, propylthiouracil. 
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cancer odds by 1.04 times (95% CI 1.01-1.07, p=0.022); 
(5), while FNAB pre-operative diagnosis of malignancy is 
associated with having histopathologic diagnosis of 
thyroid cancer increased by 40 times (95% CI 2.42-
6668.98, p=0.007). 

The initial FT4 level (95.97 vs 23.55 pmol/L, p=0.044) was 
statistically significant between those with the four 
aggressive and eight non-aggressive tumors, with higher 
FT4 levels seen in those with aggressive tumor (Table V). 
Clinically, a non-significant trend among those with 
aggressive tumor behavior was noted among those with 

a younger age on average (36.35 vs 46.75 years, 
p=0.240), and those with sizable diameter of 
multinodular goiter (95 mm vs 20 mm, p=0.200). 

We were unable to determine an association with the 
selected demographic and pre-operative clinical 
features with the presence of an aggressive tumor in the 
12 patients who underwent thyroidectomy and with 
thyroid cancer (Table VI). 

Table VI. Association of demographic and pre-operative clinical features 
with presence of aggressive tumor 

 Crude OR (95% CI) p 
Age, years 0.94 (0.84-1.03) .226 
Gender   

Male Reference - 
Female 1.80 (0.14-46.24) .667 

BMI, kg/m2   
Underweight - - 
Normal Reference - 
Overweight 2 (0.09-69.06) .661 
Obese 0.50 (0.01-17.47) .676 

Smoking history   
Never Reference - 
Current 0.48 (0.003-11.39) .663 
Past 0.48 (0.003-11.39) .663 

Family history of thyroid cancer   
Yes - - 
No - - 

Hyperthyroid or thyrotoxicosis etiology   
Grave’s disease Reference - 
Multinodular toxic goiter 3.33 (0.22-92.98) .398 
Toxic adenoma 11 (0.38-2021.25) .164 

Initial FT4  1.02 (0.999-1.08) .064 
Number of thyroid nodules   

0 - - 
1-2 Reference - 
≥3 0.56 (0.02-7.17) .667 

Thyroid nodule   
Size 1.05 (1.004-1.15) .112 

Pre-operative FNAB [n=8]   
Benign Reference - 
AUS/FLUS - - 
Follicular neoplasm - - 
Suspicious for malignancy 0.60 (0.002-142.76) .821 
Malignancy 2.14 (0.07-369.65) .667 
Non-diagnostic - - 

Anti-thyroid medication pre-surgery   
Drug   

PTU Reference - 
Methimazole 1.80 (0.08-286.50) .727 
Carbimazole - - 

Duration, years  1.09 (0.88-1.41) .435 
Extent of surgery   

Thyroidectomy   
Total - - 
Subtotal - - 

LN dissection   
Without Reference - 
With 7 (0.45-211.31) .184 

Note: A multivariate model was not feasible since many of the factors were highly correlated 
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Discussion 

Hyperthyroidism is a non-cancerous disease that is 
usually managed medically with antithyroid medications. 
In fact, hyperthyroidism was believed to be least likely to 
be associated with malignancy due to protective effect of 
TSH suppression. Boelaert et. al. stated in a prospective 
study involving 1500 patients undergoing thyroidectomy 
that the risk of thyroid malignancy is increased in those 
with serum TSH greater than 0.9 mU/liter while the 
prevalence of malignancy (n = 182) was only 2.8% in 
subjects with serum TSH below the normal range (<0.4 
mU/liter).8 This suggests that the lower TSH level in 
patients with hyperthyroidism is also associated with 
lower incidence of malignancy. This notion however was 
slowly being supplanted by increasing reports of 
malignancy among hyperthyroid patients. In one study, 
thyroid cancer occurred in 0.76% to 8.7% of the glands 
removed for treatment of thyrotoxicosis.4  

In our study, thyroid cancer was seen in 20 per 100 
hyperthyroid patients who have undergone 
thyroidectomy. The same is true of a study by Aksoy et al., 
wherein out of 591 patients who had surgery to address 
hyperthyroidism, 131 (22.6%) had thyroid cancer.9 An 
even higher rate of 32.8% was documented by a 
retrospective study on thyroid cancer in patients with 
hyperthyroidism.10 Mohamed et. al. reported an 
incidence rate of 21.43% among patients with toxic 
nodular goiter while Yoon et.al reported that malignancy 
was detected in 1.7% of all patients with Grave’s 
Disease.11,12  

It is more common in the females in the fourth decade of 
life.4 But according to a different study, male gender 
increases the patient's risk of developing cancer.11 In our 
study, age and gender however are not associated with 
risk for malignancy. Papillary Thyroid Carcinoma was the 
most common histologic subtype with half of them being 
a Micropapillary Thyroid Carcinoma (PTC that measures 
<1cm). This finding is consistent with other previous 
studies.4,10,11 But according to Als et al., follicular 
neoplasm was the most prevalent kind, found in 15 out of 
19 TNG patients (79%).13  

This study established that the factors associated with 
thyroid cancer include higher initial FT4 levels, the 
presence of thyroid nodules, nodule size and pre-
operative FNAB finding of malignancy. Those with 
aggressive tumor behavior have higher initial FT4 levels 
than those with non-aggressive tumor. Although not 
statistically significant, patients with younger age and 
larger tumor size tend to have more aggressive tumor 
behavior. However, a larger sample size may be needed 
to confirm this observation. 

The mechanisms behind hyperthyroidism with 
concurrent thyroid malignancy have been elucidated in 
some articles. Fu et. Al. explained that the presence of 
TSH receptor antibody (TRAb) in patients with Graves’ 
Disease might play a role in stimulating thyroid cancer 
growth because these malignant cells also express TSH 
receptors like normal thyroid cells. TRAb stimulates 
invasiveness and angiogenesis of DTC by upregulating 

vascular endothelial growth factor, placenta growth 
factor, and their receptors via the same signaling 
pathways as TSH-induced cell activation and growth. On 
the other hand, toxic adenoma and MNTG are the result 
of focal and/or diffuse hyperplasia of thyroid follicular 
cells whose functional capacity is independent of 
regulation by TSH.14  

Twenty to 80 percent of toxic adenomas and some 
nodules of MNGs have somatic mutations of the TSH 
receptor gene.15 This can lead to TSH-independent 
(constitutive) activation of the receptor and cause both 
clonal expansion and hyperthyroidism in a subset of toxic 
adenomas. Therefore, the TSH receptor is a proto-
oncogene that can be activated by a variety of point 
mutations.16 According to a study by Krashin, E. et.al., 
thyroid hormones mediate their effects on the cancer cell 
through several non-genomic pathways including 
activation of the plasma membrane receptor integrin 
αvβ3, a plasma membrane integrin which acts as a 
membrane receptor for thyroid hormones and facilitates 
the hormones proliferative action on cancer cells as well 
as blood vessel cells.17 This view supports previous 
reports that hyperthyroidism or thyrotoxicosis is 
associated with notable rates of thyroid cancer. This may 
also explain why in contrast to NNTG in which higher TSH 
levels are associated with higher risk of malignancy, 
hyperthyroid patients with higher FT4 levels are the ones 
associated with higher likelihood for malignancy, and 
even trends towards more aggressiveness.  

Consistently, Chao TC et. al. reported that higher serum 
concentrations of thyroid hormones before antithyroid 
treatment is associated with an aggressive tumor course 
as compared with those with lower concentrations.4 This 
is in congruence with our study wherein each incremental 
increase of FT4 level also increases the likelihood of 
thyroid cancer. Furthermore, a population-based study 
discovered that having hyperthyroidism for a longer 
period of time increases the risk of developing thyroid 
cancer.18 As a result, sustained FT4 elevation may be 
associated with an increased risk of thyroid cancer in 
hyperthyroid patients, and long-term hyperthyroidism 
may contribute to tumor growth. This study is limited to 
assess such temporal relationship between length of 
thyroid hormone exposure and the development of 
malignancy in this current cross-sectional design. Further 
prospective investigations will be helpful in elucidating 
such effects. 

Hyperthyroid patients with thyroid cancer usually have 1-
2 thyroid nodules and are more likely to have malignant 
FNAB results preoperatively compared to hyperthyroid 
patients without thyroid cancer. A systemic review stated 
that in those patients who had pre-operative imaging, 
mean malignancy rates were higher in patients with pre-
identified nodules (19.8%) compared to those without 
any nodules (8.7%)3. This is also noted in the present 
study in which the presence of nodule is associated with 
24x higher risk of malignancy as compared to those 
without thyroid nodules. It is also known that thyroid 
nodule size impacts the risk of thyroid cancer, thus 
current guidelines include it as part of the criteria when 
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to do fine needle aspiration biopsy. In this study, the 
median nodule size was higher in those with thyroid 
cancer. This was statistically significant in patients with 
nodular Grave’s disease with an average nodule size of 
15mm. But in another study, the size of the dominant 
thyroid nodule was not a significant risk factor of 
malignancy; rather malignancy rate was higher in those 
with multinodular toxic nodules than solitary toxic 
nodules.10 

Based on the Bethesda Classification of thyroid nodule 
fine needle aspirations, nodules tagged as malignant 
have a malignancy risk of 97-99%.19 Alshahrani AS et. al. 
established a good concordance between FNAB and 
histological examination of thyroid nodules, as all 
malignant nodules detected by FNAC were also 
determined to be malignant by histopathology.20 A 
statistical analysis by Singh et. al. showed that FNAC had 
a sensitivity of 83.3%, specificity of 100%, positive 
predictive value of 100%, and negative predictive value 
of 96.7%.21 Our study showed that among hyperthyroid 
patients with cancer, seven out of eight patients who 
underwent FNAB revealed positive malignant findings 
which correlate with the final post thyroidectomy 
histopathology report. Furthermore, FNAB done prior to 
surgery does not interfere with the accuracy of the final 
diagnosis which is provided by the histopathology report 
based on the full tissue architecture obtained after 
thyroidectomy. FNAB is a preoperative diagnostic tool 
that guides clinical decisions highlighting the importance 
of doing FNAB in suspicious nodules among 
hyperthyroid nodules.  

Thyroid cancers in the background of a hyperthyroid 
gland have an aggressive behavior, with high incidence 
of local invasion and a worse prognosis than euthyroid 
patients, especially in patients with Graves’ disease.22 
Yoon et. al determined that only lymph node metastasis 
was an independent prognostic factor for 
recurrent/persistent disease of thyroid cancer arising in 
Grave’s Disease.14 Medas et al. found that patients with 
hyperthyroidism had more aggressive tumors, a greater 
rate of nodal metastases (12.6% vs. 6.1%), and a worse 
prognosis (5-year disease free survival of 89.1% 
compared with 96.6% of euthyroid patients).22  

In our study, most (66.67%) had unilateral involvement 
while regional cervical metastasis was seen in four 
patients with only one recorded recurrence. Four 
(33.33%) were considered to have aggressive tumor 
behavior. Although the present study was unable to 
determine an association with the selected demographic 
and pre-operative clinical features with the presence of 
an aggressive tumor in the 12 patients who underwent 
thyroidectomy and with thyroid cancer, clinically, we can 
consider that those with aggressive tumor behavior have 
higher initial FT4 levels (95.97 vs 23.55, p=0.044). A 
younger age on average (36.35 vs 46.75 years, p=0.240) 
and larger nodule size (95 mm vs 20 mm, p=0.200) were 
also observed to have more aggressive behavior as 
mentioned but this was not statistically significant. 

The hyperthyroid state is not completely protective 
against thyroid malignancy. This study recognizes 
notable risk (20%) of thyroid malignancy in patients with 
hyperthyroidism. The risk increases with higher initial FT4 
levels in the presence of a thyroid nodule. Thus, 
hyperthyroid or thyrotoxic patients with thyroid nodule of 
>1cm and elevated initial FT4 levels (>95 pmol/L) and/or 
young age (<40yo) should undergo thorough evaluation 
including long term surveillance using regular ultrasound 
and ultrasound guided FNAB on nodules with malignant 
features to assess the risk of malignancy accurately. A 
finding of malignancy should prompt appropriate 
management. 

This study is limited by its observational design 
conducted in a single-center. The data obtained from this 
study were taken for clinical rather than for purely 
research purpose. Confounders such as autoimmune 
diseases, exercise, medication or radiation exposure and 
concomitant malignancies were not originally 
considered in this study. Attempts were made to 
statistically adjust for potential confounders, but 
outcomes were highly correlated, and a multivariate 
analysis could not be performed. In addition, the follow-
up period for thyroid nodules in hyperthyroid patients 
was relatively short to thoroughly analyze the tumor 
behavior of patients with thyroid cancer. Finally, and most 
importantly, post-hoc analysis demonstrated excellent 
power to detect large effects (e.g., nodule count, ~90%) 
but only ~5% power to identify the modest FT4 
association observed. As a result, the association 
between initial FT4 and malignancy must be viewed as 
exploratory. Larger, adequately powered studies are 
required to confirm this relationship. 

Conclusion 

In conclusion, initial FT4 level, the presence of thyroid 
nodules, nodule size, and pre-operative FNAB finding of 
malignancy were the factors associated with thyroid 
cancer in hyperthyroid patients. Furthermore, higher 
initial FT4 level, young age and larger nodule size 
showed trend towards more aggressive tumor behavior. 
As such, hyperthyroid patients with these clinical features 
warrant closer surveillance and more aggressive 
approach. 
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