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ABSTRACT 

Aim: The prevalence of thyroid nodules and the risk of thyroid cancer in patients with 

Graves’ disease is uncertain. We aimed to evaluate the prevalence of thyroid nodules 

and cancer in patients with Graves’ disease.  

Methods: Retrospective observational study of adult subjects with Graves' disease 

(positive autoantibodies TRAbs) between 2017 and 2021 at our center. We evaluated 

the prevalence of thyroid nodules and cancer in this population and characterized the 

predictive factors for thyroid malignancy using linear and logistic regression models.  

Results: We evaluated a total of 539 patients with Graves' disease during a median 

follow-up of 3.3 years (25th-75th percentiles 1.5-5.2 years). Fifty-three percent had thyroid 

nodules and 18 (3.3%) were diagnosed with thyroid cancer (12 papillary 

microcarcinomas). All tumors were classified using TNM classification as T1, and only 

one had lymph node metastasis; there were no recordings of distant metastasis. Sex, 

age, body mass index, smoking, TSH and TRAbs levels were not significantly different 

between patients with and without thyroid cancer. Patients with multiple nodules on 

ultrasound (OR 1.61, 95%CI 1.04-2.49) and with larger nodules (OR 2.96, 95%CI 1.08-

8.14, for 10mm increase in size) had a greater risk of thyroid cancer diagnosis.  

Conclusion: Patients with Graves’ disease had a higher prevalence of thyroid nodules 

and their nodules had a significant risk of thyroid cancer compared to general population. 

The risk was higher in those with multiple and larger nodules. Most had low grade 

papillary thyroid cancer. More studies are needed to clarify the clinical relevance of these 

findings.  

Keywords: Graves’ disease; Papillary Thyroid carcinoma; Thyroid nodule; 

Hyperthyroidism; Thyrotoxicosis.  



INTRODUCTION 

 Graves' disease is an autoimmune thyroid disease, being the most frequent 

cause of hyperthyroidism [1]. It is caused by the production of autoantibodies (TRAbs) 

against the thyrotropin receptor (TSH-R) [2]. These act as TSH-R agonists and induce 

hypersecretion of thyroid hormones [3]. In addition, TSH-R is also involved in the normal 

physiology and growth of the thyroid gland, participating in its organogenesis, cell 

differentiation and iodine uptake, which may lead to the formation of goiter when faced 

with a strong stimulus [4].  

Differentiated thyroid carcinoma, which originates in the epithelial follicular thyroid 

cells, represents about 95% of thyroid cancer cases. It includes papillary thyroid 

carcinoma, follicular thyroid carcinoma, and Hürthle cell carcinoma of the thyroid [5]. 

Papillary thyroid carcinoma (PTC) is the most common histological subtype of 

differentiated thyroid malignancy, constituting about 80% of cases [6]. The age of 

presentation, gender, histology and stage of the tumor are factors that influence its 

prognosis [7].  

Graves' disease has been associated with an increased risk of thyroid cancer [8]. 

Several case reports suggest an aggressive behavior of thyroid cancer in patients with 

Graves’ disease [9]. The mechanism for this increased risk is still not fully understood, 

but the binding of TRAbs to TSH-R is probably one of the main mechanisms [10]. By 

positively stimulating thyroid growth, production of growth factors and angiogenesis, 

TRAbs may promote tumor development and invasion [11]. However, predictive factors 

for thyroid cancer in patients with Graves' disease are still unknown [12].  

Thus, our aim was to evaluate the prevalence of thyroid nodules and thyroid 

cancer in patients with Graves’ disease and to characterize the predictive factors of 

thyroid malignancy.  

 
 
 



MATERIAL AND METHODS 
 
Study Design and Participants 
 
 We performed a retrospective longitudinal observational study at Centro 

Hospitalar Universitário de São João (CHUSJ) in Porto, Portugal, to evaluate the 

prevalence of thyroid nodules and thyroid cancer in patients with Graves’ disease and to 

characterize the predictive factors of thyroid malignancy. The studied population 

consisted entirely of adult subjects with positive TRAbs between 2017 and 2021 (all 

participants under eighteen years of age were excluded from this selection). 

Our study was approved by the Ethics Committee of CHUSJ/ Faculty of Medicine 

of the University of Porto. 

The data analyzed in this study was collected retrospectively from electronic 

clinical records in May 2022. 

 

Clinical Characteristics and Study Outcomes 

The following parameters were collected from the patients’ clinical records: sex, 

age, age at diagnosis of Graves' disease, initial TRAbs, FT3, FT4, TSH, height, weight, 

smoking habits, treatment for Graves’ disease (type of antithyroid drug, maximum dose; 

duration and number of iodine ablative doses; thyroidectomy), diagnosis of 

ophthalmopathy, diagnosis of dermopathy, thyroid ultrasound results, results of biopsies 

and thyroid carcinoma (histology, classification and tumor size). 

Thyroid biopsies were classified according to the Bethesda classification [13]. 

 

Statistical analysis 

Baseline characteristics of patients with and without diagnosis of thyroid cancer 

were compared with Student’s t-test, Mann Whitney test for normal and nonnormal 

continuous variables respectively, and the chi-square test for categorical variables. 

The association of predictors with the presence of thyroid nodules and the 

diagnosis of thyroid cancer was evaluated using linear regression (for continuous 



outcomes) and logistic regression (for dichotomic outcomes).  

Continuous variables are described as mean ± standard deviation or median (25–

75th percentiles) for normal and nonnormal continuous variables respectively, and 

categorical variables as proportions (percentages).  

A two-sided P-value of <0.05 was considered statistically significant. Analyses 

were performed with Stata (version 17.0). 

 

RESULTS 

The baseline characteristics of the 539 patients with Graves' disease are shown 

in Table 1. Eighteen percent were men and their mean age at diagnosis was 45.7 ± 15.1 

years. The mean BMI at diagnosis was 25.6 ± 4.9 kg/m2. Twenty-four percent had 

ophthalmopathy and 1.3% had dermopathy. Sixty-one percent never smoked, 31.1% 

were current smokers and 7.6% were former smokers. Regarding treatment, 84.1% 

received methimazole and 9.5% received propylthiouracil. The median methimazole 

dose was 7.5 (5-15) mg and the median propylthiouracil dose was 150 (100-300) mg. 

The median duration of antithyroid treatment was 20.0 (11.0-36.0) months. The follow-

up time was 3.3 (1.5-5.2) years. Eighty percent of the patients did not receive any ablative 

dose with radioactive iodine, 18.3% received one, 1.7% received two and 0.2% received 

three doses. From the 539 patients evaluated, 361 (67.0%) patients had thyroid function 

results available before starting antithyroid drugs. The baseline median values of thyroid 

function were the following: TSH 0.001 (0.0-0.008) UI/mL, FT4 1.7 (1.1- 2.3) ng/dL and 

FT3 5.7 (3.7-10.1) pg/mL. 

 

 

 

 

 



Table 1. Baseline Characteristics (n=539) 

Male, n (%) 98 (18.2%) 
Age, years 45.7 ± 15.1 

BMI, kg/m2 25.6 ± 4.9 

Ophthalmopathy, n (%) 128 (23.9%) 

Dermopathy, n (%) 7 (1.3%) 

Smoking habits, n (%) 
 

 

    Non-smoker, n (%) 321 (61.3%) 

    Current smoker, n (%) 163 (31.1%) 

    Ex-smoker, n (%) 40 (7.6%) 

Antithyroid, n (%) 
 

 

    Methimazole, mg  408 (84.1%) 

    Propylthiouracil, mg 46 (9.5%) 

Initial TRAbs, U/L 7.5 (3.7 - 21.8) 

TSH, UI/mL 0.001 (0.0-0.008) 

FT4, ng/dL 1.7 (1.1-2.3) 

FT3, pg/mL 5.7 (3.7-10.1) 

BMI, body mass index; TRAbs, anti-TSH receptor antibodies; TSH, thyroid-stimulating 
hormone; FT3, free triiodothyronine; FT4, free thyroxine 

 

Table 2 shows the data related to the first ultrasounds performed after the 

diagnosis of Graves' disease. Of the 539 patients, 97.6% were evaluated with thyroid 

ultrasound. 55.0% had at least one nodule, and 39.1% had multiple nodules. The median 

size of the largest nodule was 10.8 (7.0-17.0) mm. 

 

 



Table 2. Results from thyroid ultrasound 

Ultrasound performed, n (%) 521 (97.9%) 

Thyroid nodules, n (%) 287 (55.0%) 

Multiple nodes, n (%) 204 (39.1%) 

Larger nodule dimension, n (%) 10.8 (7.0, 17.0) 

 

Table 3 shows the data related to the biopsies performed. Of the 539 patients, 

13.0% performed one biopsy, 3.4% performed two and 2.1% performed three.  

 

Table 3. Results from thyroid biopsies (n = 139) 

I- Non-diagnostic or inadequate, n (%) 23 (16.5%) 

II- Benign, n (%) 99 (71.2%) 

III- Atypia/follicular lesion of 
undetermined significance, n (%) 

4 (2.9%) 

IV- Follicular neoplasm or suspicious 
for follicular neoplasm, n (%) 

7 (5.1%) 

V- Suspicious for malignancy, n (%) 1 (0.7%) 

VI - Malignant, n (%) 3 (2.2%) 

Suspicious for Lymphoma, n (%) 2 (1.4%) 

Results shown according to Bethesda classification. 

 From the patients who underwent total thyroidectomy (n=78, 14.5%), 17 

(23.0%) had thyroid cancer. Eight of these patients did not undergo a biopsy prior to 

surgery. Of the 9 patients submitted to biopsy prior to surgery, 2 were classified as 

malignant in the biopsy, 2 had follicular neoplasm or suspicious follicular neoplasm, and 

5 had benign results. All benign results were from a nodule that did not correspond to 

the thyroid cancer diagnosed after surgery. Additionally, one patient had a biopsy with a 

Bethesda classification of “VI – Malignant” but a conservative treatment approach was 



used instead of surgery due to severe cardiovascular disease and patient preference. 
  

               Table 4 shows data for patients submitted to thyroid surgery and the 

characteristics of the thyroid cancers identified. From the patients submitted to thyroid 

surgery (n=78), 93.7% underwent total thyroidectomy, 5.1% underwent 

hemithyroidectomy and 1.3% did not undergo any surgical procedure and were kept 

under active surveillance. Eighteen patients had the diagnosis of thyroid cancer (3.3%). 

Regarding the histological classification of the tumors, 10 (55.6%) were papillary 

microcarcinomas, 3 (16.7%) were classic papillary carcinomas, 4 (22.2%) were follicular 

variant papillary carcinomas and 1 (5.6%) was NIFTP (Non-invasive follicular thyroid 

neoplasm with papillary-like nuclear features). The mean size of the tumors was 7.3 ± 

4.1 mm. All tumors were T1 in T category of TMN classification – 12.5% pT1A, 56.3% 

pT1aN0R0, 12.5% pT1(m)Nx, 12.5% pT1bNxR0 and 6.25% pT1N1R0.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 4. Thyroid surgery and histology of thyroid cancers 

Thyroid surgery  

Total thyroidectomy, n (%) 74 (93.7%) 

Hemithyroidectomy, n (%) 4 (5.1%) 

Thyroid cancer, n (%) 18 (3.3%) 

Tumor size, mm 7.3 ± 4.1 

Classification  

    Papillary microcarcinoma, n (%) 10 (55.6%) 

    Classic papillary carcinoma, n (%) 3 (16.7%) 

    Follicular variant papillary carcinoma, n (%) 4 (22.2%) 

    NIFTP- Non-invasive follicular thyroid neoplasm        

with papillary-like nuclear features, n (%) 

1 (5.6%) 

  

Tumor stage  

    pT1A, n (%) 2 (12.5%) 

    pT1aN0R0, n (%) 9 (56.3%) 

    pT1(m)Nx, n (%) 2 (12.5%) 

    pT1bNxR0, n (%) 2 (12.5%) 

    pT1N1R0, n (%) 1 (6.25%) 

Tumor stage shown according to the TNM staging AJCC UICC 8th edition 
 

 

 

 

 

 



 Table 5 compares the characteristics of patients with and without thyroid cancer 

diagnosis. Patients with thyroid cancer were more likely to have multiple nodules on 

ultrasound (64.7% vs 38.2%, p= 0.028) and to have larger nodules (17.8 (8-28) vs 10.4 

(7-17), p= 0.048). The odds ratio of having thyroid cancer was 1.6 (95%CI, 1.04-2.49) 

for patients with multiple thyroid nodules (vs. no nodules or single nodule) and 3.0 

(95%CI, 1.1-8.1) for each 10mm increase in the size of the largest nodules. The 

differences between sex, age, BMI, ophthalmopathy and dermopathy were not 

statistically significant. Regarding smoking habits, treatment with antithyroid drugs, and 

the number of ablative doses, the differences were also not significant between groups. 

Thyroid function biochemical values at diagnosis of Graves' disease (TSH, FT4, FT3, 

TRAbs) did not show a significant association. 
 

Table 5.  Predictors of Malignancy in the development of thyroid cancer 

 Without Thyroid 

cancer (521) 

With Thyroid 

cancer (18)                

P value 

Male, n (%) 96 (18.4%) 2 (11.1%) 0.43 

Age, years 45.7 ± 15.0 46.4 ± 16.2 0.86 

BMI, kg/m2 25.6 ± 4.9 26.0 ± 5.4 0.76 

Ophthalmopathy, n (%) 124 (23.9%) 4 (22.2%) 0.87 

Dermopathy, n (%) 7 (1.4%) 0 (0.0%) 0.63 

Smoking habits, n (%)   0.91 

   Nonsmoking 311 (61.3%)   10 (58.8%)  

   Smoker 157 (31.0%) 6 (35.3%)  

   Ex-smoker 39 (7.7%) 1 (5.9%)  

Antithyroid drug, n (%)   0.31 

    Methimazole 394 (84.2%) 14 (82.4%)  



    Propylthiouracil 43 (9.2%) 3 (17.6%)  

Ablative doses n (%)   0.95 

    0 408 (79.7%) 14 (82.4%)  

    1 94 (18.4%) 3 (17.6%)  

    2 9 (1.8%) 0 (0.0%)  

    3 1 (0.2%) 0 (0.0%)  

One or more thyroid 

nodules, n (%) 

274 (54.3%) 13 (76.5%) 0.07 

Multiple nodes, n (%) 193 (38.2%) 11 (64.7%)   0.028 

Largest nodule  
dimension, mm 

10.4 (7.0-17.0) 17.8 (8.0-28.0)               0.048 

TSH, UI/mL 0.0 (0.0-0.0) 0.0 (0.0-0.0) 0.25 

FT4, ng/dL 1.7 (1.1-2.3) 1.4 (1.1-2.2)           0.51 

FT3, pg/mL 5.8 (3.6-10.1) 5.5 (4.2-9.5)                       0.96 

TRAbs 7.5 (3.8-21.8) 5.2 (3.4-10.7)                    0.55 

Antithyroid drug duration, 

months 

20.0 (10.0-35.0) 16.0 (10.0-37.0)                   0.63 

BMI, body mass index; TRAbs, anti-TSH receptor antibodies; TSH, thyroid-stimulating 
hormone; FT3, free triiodothyronine; FT4, free thyroxine  

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 



DISCUSSION  
 

In this retrospective cohort study, we report that patients with Graves' disease 

have a high prevalence of thyroid nodules and a relevant risk of thyroid malignancy (3.3% 

of patients during a median follow-up of 3.3 years) compared to the general population 

[9, 14]. All of the thyroid cancers diagnosed were low-grade papillary carcinomas. 

Patients with multiple nodules and larger nodules had a higher risk of thyroid malignancy.  

Our study is in agreement with previous literature that suggests that thyroid 

nodules are frequent in patients with Graves’ disease [9, 15]. However, whether this risk 

is higher than the general population is uncertain [16].  

Regarding the risk of thyroid carcinoma in Graves’ disease, some studies have 

suggested an increased risk in patients with Graves’ disease [12, 14, 17, 18], while others 

suggest a similar risk [19, 20]. The proposed mechanism for an increased risk in those 

with Graves’ disease is a stimulatory effect of TRAbs on TSH receptor [2]. This is aligned 

with the studies performed in patients without Graves’ disease in which higher levels of 

TSH were associated with increased risk of thyroid cancer [21, 22]. Some studies have 

also reported an increased risk of disease progression and distant metastasis in patients 

with Graves' disease. [15, 17, 23]. 

Most previous studies compared the risk of thyroid cancer in patients with Graves' 

disease and in euthyroid individuals. Such approaches may be of interest to understand 

the increased risk of thyroid cancer in patients with Graves’ disease. However, from a 

clinical perspective, it is more relevant to identify, within those with Graves’ disease, the 

individuals at an increased risk of thyroid cancer.   

It is known that there are two well-established risk factors for the development of 

PTC: previous radiation exposure [24] and family history [25].  A number of other possible 

risk factors have been reported, such as elevated TSH levels [21]. Although Graves’ 

disease has been proposed as a risk factor, the mechanism is still not fully characterized 

[26]. TRAbs, by promoting the mechanisms of angiogenesis and production of growth 



factors [8], can stimulate the formation of nodules, which may have malignant potential 

[11]. 

Therefore, it is very important to do a follow-up on patients with Graves' disease 

in the long term, using complementary diagnostic tools, such as ultrasound and biopsy, 

when necessary [27]. Our study suggests that patients that had more and larger nodules 

have an increased risk of developing thyroid cancer [9, 15]. The prevalence and clinical 

significance of incidental thyroid carcinoma in patients with Graves' disease are relevant 

data when deciding on therapy (medical versus surgical) [28].  

Our study has limitations that we must acknowledge. The first limitation concerns 

the retrospective design of our study, which limits the collection of more detailed data. 

The second limitation is that the study was carried out in a single center, which may 

decrease the generalizability of our findings. It is important to mention that the prevalence 

of thyroid cancer may have been higher due to the fact that these patients, with Graves' 

disease, had a more regular follow-up. Moreover, microcarcinomas are known to exist in 

many undiagnosed people and have no future repercussions [29]. Regarding the 

strengths of our study, we analyzed data for all patients in a hospital who had diagnosis 

of Graves’ disease (identified by positive TRAbs over five years). Instead of defining a 

control group made by euthyroid patients, we chose one with Graves' disease because 

we found it more clinically relevant. Within patients with Graves' disease, we identified 

those who had thyroid cancer and compared them with those who did not. We also 

believe that the large set of potential predictors analyzed is a strength of our study. 

In conclusion, Graves’ disease patients with more and larger nodules had an 

increased risk of thyroid cancer. A closer follow-up of this subgroup of patients may be 

needed to allow earlier identification and treatment of thyroid cancer. 
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Anexo 1 

 

 1 

STROBE Statement—Checklist of items that should be included in reports of cohort studies  
 

 Item 
No Recommendation 

Page 
No 

Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 
abstract 

7 
 

(b) Provide in the abstract an informative and balanced summary of what was 
done and what was found 

7 

Introduction 
Background/rationale 2 Explain the scientific background and rationale for the investigation being 

reported 

8 

Objectives 3 State specific objectives, including any prespecified hypotheses 8 

Methods 
Study design 4 Present key elements of study design early in the paper 9 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 
recruitment, exposure, follow-up, and data collection 

9 

Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 
participants. Describe methods of follow-up 

9 

(b) For matched studies, give matching criteria and number of exposed and 
unexposed 

NA 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 
effect modifiers. Give diagnostic criteria, if applicable 

9 

Data sources/ 
measurement 

8*  For each variable of interest, give sources of data and details of methods of 
assessment (measurement). Describe comparability of assessment methods if 
there is more than one group 

9 

Bias 9 Describe any efforts to address potential sources of bias 9, 10 

Study size 10 Explain how the study size was arrived at 9 

Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 
describe which groupings were chosen and why 

9, 10 

Statistical methods 12 (a) Describe all statistical methods, including those used to control for 
confounding 

9, 10 

(b) Describe any methods used to examine subgroups and interactions 9, 10 

(c) Explain how missing data were addressed NA 

(d) If applicable, explain how loss to follow-up was addressed NA 

(e) Describe any sensitivity analyses 9, 10 

Results  

Participants 13* (a) Report numbers of individuals at each stage of study—eg numbers 
potentially eligible, examined for eligibility, confirmed eligible, included in the 
study, completing follow-up, and analysed 

9, 10 

(b) Give reasons for non-participation at each stage 9, 10 

(c) Consider use of a flow diagram 9, 10 

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 
and information on exposures and potential confounders 

10 

(b) Indicate number of participants with missing data for each variable of 
interest 

NA 

(c) Summarise follow-up time (eg, average and total amount) 9, 10 

Outcome data 15* Report numbers of outcome events or summary measures over time 13,15 

  



 
 
 
 
 
  

 2 

Main results 16 (a) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 
precision (eg, 95% confidence interval). Make clear which confounders were adjusted for 
and why they were included 

15 

(b) Report category boundaries when continuous variables were categorized 15 

(c) If relevant, consider translating estimates of relative risk into absolute risk for a 
meaningful time period 

NA 

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 
analyses 

10,11, 
12,13, 
15 

Discussion 
Key results 18 Summarise key results with reference to study objectives 17 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or 
imprecision. Discuss both direction and magnitude of any potential bias 

18 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 
multiplicity of analyses, results from similar studies, and other relevant evidence 

18 

Generalisability 21 Discuss the generalisability (external validity) of the study results 18 

Other information 
Funding 22 Give the source of funding and the role of the funders for the present study and, if 

applicable, for the original study on which the present article is based 

NA 

 
*Give information separately for exposed and unexposed groups. 
 
Note: An Explanation and Elaboration article discusses each checklist item and gives methodological background and published 
examples of transparent reporting. The STROBE checklist is best used in conjunction with this article (freely available on the 
Web sites of PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at http://www.annals.org/, and 
Epidemiology at http://www.epidem.com/). Information on the STROBE Initiative is available at http://www.strobe-
statement.org. 
 



 

1 (a) – Página 7: “Retrospective observational study of adult subjects with Graves' 

disease (positive autoantibodies TRAbs) between 2017 and 2021 at our center.” 

 

1 (b) – Página 7: “Retrospective observational study of adult subjects with Graves' 

disease (positive autoantibodies TRAbs) between 2017 and 2021 at our center. We 

evaluated the prevalence of thyroid nodules and cancer in this population and 

characterized the predictive factors for thyroid malignancy using linear and logistic 

regression models. (…) We evaluated a total of 539 patients with Graves' disease during 

a median follow-up of 3.3 years (25th-75th percentiles 1.5-5.2 years). Fifty-three percent 

had thyroid nodules and 18 (3.3%) were diagnosed with thyroid cancer (12 papillary 

microcarcinomas). All tumors were classified using TNM classification as T1, and only 

one had lymph node metastasis; there were no recordings of distant metastasis. Sex, 

age, body mass index, smoking, TSH and TRAbs levels were not significantly different 

between patients with and without thyroid cancer. Patients with multiple nodules on 

ultrasound (OR 1.61, 95%CI 1.04-2.49) and with larger nodules (OR 2.96, 95%CI 1.08-

8.14, for 10mm increase in size) had a greater risk of thyroid cancer diagnosis. (...) 

Patients with Graves’ disease had a higher prevalence of thyroid nodules and their 

nodules had a significant risk of thyroid cancer compared to general population. The risk 

was higher in those with multiple and larger nodules. Most had low grade papillary thyroid 

cancer. More studies are needed to clarify the clinical relevance of these findings.  

 

2 - Página 8: “Graves' disease is an autoimmune thyroid disease, being the most 

frequent cause of hyperthyroidism. It is caused by the production of autoantibodies 

(TRAbs) against the thyrotropin receptor (TSH-R). These act as TSH-R agonists and 

induce hypersecretion of thyroid hormones. In addition, TSH-R is also involved in the 

normal physiology and growth of the thyroid gland, participating in its organogenesis, cell 



differentiation and iodine uptake, which may lead to the formation of goiter when faced 

with a strong stimulus. Differentiated thyroid carcinoma, which originates in the epithelial 

follicular thyroid cells, represents about 95% of thyroid cancer cases. It includes papillary 

thyroid carcinoma, follicular thyroid carcinoma, and Hürthle cell carcinoma of the thyroid. 

Papillary thyroid carcinoma (PTC) is the most common histological subtype of 

differentiated thyroid malignancy, constituting about 80% of cases. The age of 

presentation, gender, histology and stage of the tumor are factors that influence its 

prognosis. Graves' disease has been associated with an increased risk of thyroid cancer. 

Several case reports suggest an aggressive behavior of thyroid cancer in patients with 

Graves’ disease. The mechanism for this increased risk is still not fully understood, but 

the binding of TRAbs to TSH-R is probably one of the main mechanisms. By positively 

stimulating thyroid growth, production of growth factors and angiogenesis, TRAbs may 

promote tumor development and invasion. However, predictive factors for thyroid cancer 

in patients with Graves' disease are still unknown.” 

 

3 - Página 8: “Thus, our aim was to evaluate the prevalence of thyroid nodules and 

thyroid cancer in patients with Graves’ disease and to characterize the predictive factors 

of thyroid malignancy.” 

 

4 - Página 9: “We performed a retrospective longitudinal observational study at Centro 

Hospitalar Universitário de São João (CHUSJ) in Porto, Portugal, to evaluate the 

prevalence of thyroid nodules and thyroid cancer in patients with Graves’ disease and to 

characterize the predictive factors of thyroid malignancy. The studied population 

consisted entirely of adult subjects with positive TRAbs between 2017 and 2021 (all 

participants under eighteen years of age were excluded from this selection). Our study 

was approved by the Ethics Committee of CHUSJ/ Faculty of Medicine of the University 



of Porto. The data analyzed in this study was collected retrospectively from electronic 

clinical records in May 2022.” 

 

5- Página 9: “We performed a retrospective longitudinal observational study at Centro 

Hospitalar Universitário de São João (CHUSJ) in Porto, Portugal, to evaluate the 

prevalence of thyroid nodules and thyroid cancer in patients with Graves’ disease and to 

characterize the predictive factors of thyroid malignancy. The studied population 

consisted entirely of adult subjects with positive TRAbs between 2017 and 2021 (all 

participants under eighteen years of age were excluded from this selection). Our study 

was approved by the Ethics Committee of CHUSJ/ Faculty of Medicine of the University 

of Porto. The data analyzed in this study was collected retrospectively from electronic 

clinical records in May 2022.” 

 

6 (a) - Página 9: “We performed a retrospective longitudinal observational study at Centro 

Hospitalar Universitário de São João (CHUSJ) in Porto, Portugal, to evaluate the 

prevalence of thyroid nodules and thyroid cancer in patients with Graves’ disease and to 

characterize the predictive factors of thyroid malignancy. The studied population 

consisted entirely of adult subjects with positive TRAbs between 2017 and 2021 (all 

participants under eighteen years of age were excluded from this selection). Our study 

was approved by the Ethics Committee of CHUSJ/ Faculty of Medicine of the University 

of Porto. The data analyzed in this study was collected retrospectively from electronic 

clinical records in May 2022.” 

 

6 (b) – Não aplicável uma vez que, neste estudo, não foram estabelecidos critérios de 

correspondência e os indivíduos não foram classificados como expostos e não expostos.  

 

7 - Página 9: “The following parameters were collected from the patients’ clinical records: 



sex, age, age at diagnosis of Graves' disease, initial TRAbs, FT3, FT4, TSH, height, 

weight, smoking habits, treatment for Graves’ disease (type of antithyroid drug, 

maximum dose; duration and number of iodine ablative doses; thyroidectomy), diagnosis 

of ophthalmopathy, diagnosis of dermopathy, thyroid ultrasound results, results of 

biopsies and thyroid carcinoma (histology, classification and tumor size). Thyroid 

biopsies were classified according to the Bethesda classification.” 

  

8 - Página 9: “The following parameters were collected from the patients’ clinical records: 

sex, age, age at diagnosis of Graves' disease, initial TRAbs, FT3, FT4, TSH, height, 

weight, smoking habits, treatment for Graves’ disease (type of antithyroid drug, 

maximum dose; duration and number of iodine ablative doses; thyroidectomy), diagnosis 

of ophthalmopathy, diagnosis of dermopathy, thyroid ultrasound results, results of 

biopsies and thyroid carcinoma (histology, classification and tumor size). Thyroid 

biopsies were classified according to the Bethesda classification.” 

 

9 - Página 9, 10: “The association of predictors with the presence of thyroid nodules and 

the diagnosis of thyroid cancer was evaluated using linear regression (for continuous 

outcomes) and logistic regression (for dichotomic outcomes).”  

 

10 - Página 9: “The studied population consisted entirely of adult subjects with positive 

TRAbs between 2017 and 2021 (all participants under eighteen years of age were 

excluded from this selection).” 

 

11 - Página 9, 10: “Baseline characteristics of patients with and without diagnosis of 

thyroid cancer were compared with Student’s t-test, Mann Whitney test for normal and 

nonnormal continuous variables respectively, and the chi-square test for categorical 

variables. The association of predictors with the presence of thyroid nodules and the 



diagnosis of thyroid cancer was evaluated using linear regression (for continuous 

outcomes) and logistic regression (for dichotomic outcomes). Continuous variables are 

described as mean ± standard deviation or median (25–75th percentiles) for normal and 

nonnormal continuous variables respectively, and categorical variables as proportions 

(percentages). A two-sided P-value of <0.05 was considered statistically significant. 

Analyses were performed with Stata (version 17.0).”  

 

12 (a) e (b) – Página 9, 10: “Baseline characteristics of patients with and without 

diagnosis of thyroid cancer were compared with Student’s t-test, Mann Whitney test for 

normal and nonnormal continuous variables respectively, and the chi-square test for 

categorical variables. The association of predictors with the presence of thyroid nodules 

and the diagnosis of thyroid cancer was evaluated using linear regression (for continuous 

outcomes) and logistic regression (for dichotomic outcomes). Continuous variables are 

described as mean ± standard deviation or median (25–75th percentiles) for normal and 

nonnormal continuous variables respectively, and categorical variables as proportions 

(percentages). A two-sided P-value of <0.05 was considered statistically significant. 

Analyses were performed with Stata (version 17.0).” 

 

12 (c) – Não aplicável, uma vez que sendo um estudo retrospetivo tem inerentemente 

dados a faltar. 

 

12 (d) – Não aplicável, porque não se registaram perdas de follow-up.  

 

12 (e) – Página 9, 10: “Baseline characteristics of patients with and without diagnosis of 

thyroid cancer were compared with Student’s t-test, Mann Whitney test for normal and 

nonnormal continuous variables respectively, and the chi-square test for categorical 

variables. The association of predictors with the presence of thyroid nodules and the 



diagnosis of thyroid cancer was evaluated using linear regression (for continuous 

outcomes) and logistic regression (for dichotomic outcomes). Continuous variables are 

described as mean ± standard deviation or median (25–75th percentiles) for normal and 

nonnormal continuous variables respectively, and categorical variables as proportions 

(percentages). A two-sided P-value of <0.05 was considered statistically significant. 

Analyses were performed with Stata (version 17.0).” 

 

13 (a), (b) e (c) - Página 9,10: “The studied population consisted entirely of adult subjects 

with positive TRAbs between 2017 and 2021 (all participants under eighteen years of 

age were excluded from this selection).” (…) “The baseline characteristics of the 539 

patients with Graves' disease are shown in Table 1.”  

 

14 (a) - Página 10: “The baseline characteristics of the 539 patients with Graves' disease 

are shown in Table 1. Eighteen percent were men and their mean age at diagnosis was 

45.7 ± 15.1 years. The mean BMI at diagnosis was 25.6 ± 4.9 kg/m2. Twenty-four percent 

had ophthalmopathy and 1.3% had dermopathy. Sixty-one percent never smoked, 31.1% 

were current smokers and 7.6% were former smokers. Regarding treatment, 84.1% 

received methimazole and 9.5% received propylthiouracil. The median methimazole 

dose was 7.5 (5-15) mg and the median propylthiouracil dose was 150 (100-300) mg. 

The median duration of antithyroid treatment was 20.0 (11.0-36.0) months. The follow-

up time was 3.3 (1.5-5.2) years. Eighty percent of the patients did not receive any ablative 

dose with radioactive iodine, 18.3% received one, 1.7% received two and 0.2% received 

three doses. From the 539 patients evaluated, 361 (67.0%) patients had thyroid function 

results available before starting antithyroid drugs. The baseline median values of thyroid 

function were the following: TSH 0.001 (0.0-0.008) UI/mL, FT4 1.7 (1.1- 2.3) ng/dL and 

FT3 5.7 (3.7-10.1) pg/mL.” 

 



14 (b) - Não aplicável.  

 

14 (c) – Página 9, 10: “The studied population consisted entirely of adult subjects with 

positive TRAbs between 2017 and 2021 (all participants under eighteen years of age 

were excluded from this selection).” e “The follow-up time was 3.3 (1.5-5.2) years.” 

 

15- Página 13, 15: “Eighteen patients had the diagnosis of thyroid cancer (3.3%).” (…) 

“Patients with thyroid cancer were more likely to have multiple nodules on ultrasound 

(64.7% vs 38.2%, p= 0.028) and to have larger nodules (17.8 (8-28) vs 10.4 (7-17), p= 

0.048). The odds ratio of having thyroid cancer was 1.6 (95%CI, 1.04-2.49) for patients 

with multiple thyroid nodules (vs. no nodules or single nodule) and 3.0 (95%CI, 1.1-8.1) 

for each 10mm increase in the size of the largest nodules.” 

 

16 (a) e (b) – Página 15: “Table 5 compares the characteristics of patients with and 

without thyroid cancer diagnosis. Patients with thyroid cancer were more likely to have 

multiple nodules on ultrasound (64.7% vs 38.2%, p= 0.028) and to have larger nodules 

(17.8 (8-28) vs 10.4 (7-17), p= 0.048). The odds ratio of having thyroid cancer was 1.6 

(95%CI, 1.04-2.49) for patients with multiple thyroid nodules (vs. no nodules or single 

nodule) and 3.0 (95%CI, 1.1-8.1) for each 10mm increase in the size of the largest 

nodules. The differences between sex, age, BMI, ophthalmopathy and dermopathy were 

not statistically significant. Regarding smoking habits, treatment with antithyroid drugs, 

and the number of ablative doses, the differences were also not significant between 

groups. Thyroid function biochemical values at diagnosis of Graves' disease (TSH, FT4, 

FT3, TRAbs) did not show a significant association.” 

 

16 (c) – Não aplicável, não foi considerado relevante para este estudo.  

 



17 – Página 10, 11, 12, 13, 15: “The baseline characteristics of the 539 patients with 

Graves' disease are shown in Table 1. Eighteen percent were men and their mean age 

at diagnosis was 45.7 ± 15.1 years. The mean BMI at diagnosis was 25.6 ± 4.9 kg/m2. 

Twenty-four percent had ophthalmopathy and 1.3% had dermopathy. Sixty-one percent 

never smoked, 31.1% were current smokers and 7.6% were former smokers. Regarding 

treatment, 84.1% received methimazole and 9.5% received propylthiouracil. The median 

methimazole dose was 7.5 (5-15) mg and the median propylthiouracil dose was 150 

(100-300) mg. The median duration of antithyroid treatment was 20.0 (11.0-36.0) 

months. The follow-up time was 3.3 (1.5-5.2) years. Eighty percent of the patients did 

not receive any ablative dose with radioactive iodine, 18.3% received one, 1.7% received 

two and 0.2% received three doses. From the 539 patients evaluated, 361 (67.0%) 

patients had thyroid function results available before starting antithyroid drugs. The 

baseline median values of thyroid function were the following: TSH 0.001 (0.0-0.008) 

UI/mL, FT4 1.7 (1.1- 2.3) ng/dL and FT3 5.7 (3.7-10.1) pg/mL.” (…) “Table 2 shows the 

data related to the first ultrasounds performed after the diagnosis of Graves' disease. Of 

the 539 patients, 97.6% were evaluated with thyroid ultrasound. 55.0% had at least one 

nodule, and 39.1% had multiple nodules. The median size of the largest nodule was 10.8 

(7.0-17.0) mm.” (…) “Table 3 shows the data related to the biopsies performed. Of the 

539 patients, 13.0% performed one biopsy, 3.4% performed two and 2.1% performed 

three.” (…) “From the patients who underwent total thyroidectomy (n=78, 14.5%), 17 

(23.0%) had thyroid cancer. Eight of these patients did not undergo a biopsy prior to 

surgery. Of the 9 patients submitted to biopsy prior to surgery, 2 were classified as 

malignant in the biopsy, 2 had follicular neoplasm or suspicious follicular neoplasm, and 

5 had benign results. All benign results were from a nodule that did not correspond to 

the thyroid cancer diagnosed after surgery. Additionally, one patient had a biopsy with a 

Bethesda classification of “VI – Malignant” but a conservative treatment approach was 

used instead of surgery due to severe cardiovascular disease and patient preference. 

Table 4 shows data for patients submitted to thyroid surgery and the characteristics of 



the thyroid cancers identified. From the patients submitted to thyroid surgery (n=78), 

93.7% underwent total thyroidectomy, 5.1% underwent hemithyroidectomy and 1.3% did 

not undergo any surgical procedure and were kept under active surveillance. Eighteen 

patients had the diagnosis of thyroid cancer (3.3%). Regarding the histological 

classification of the tumors, 10 (55.6%) were papillary microcarcinomas, 3 (16.7%) were 

classic papillary carcinomas, 4 (22.2%) were follicular variant papillary carcinomas and 

1 (5.6%) was NIFTP (Non-invasive follicular thyroid neoplasm with papillary-like nuclear 

features). The mean size of the tumors was 7.3 ± 4.1 mm. All tumors were T1 in T 

category of TMN classification – 12.5% pT1A, 56.3% pT1aN0R0, 12.5% pT1(m)Nx, 

12.5% pT1bNxR0 and 6.25% pT1N1R0.” (…) “Table 5 compares the characteristics of 

patients with and without thyroid cancer diagnosis. Patients with thyroid cancer were 

more likely to have multiple nodules on ultrasound (64.7% vs 38.2%, p= 0.028) and to 

have larger nodules (17.8 (8-28) vs 10.4 (7-17), p= 0.048). The odds ratio of having 

thyroid cancer was 1.6 (95%CI, 1.04-2.49) for patients with multiple thyroid nodules (vs. 

no nodules or single nodule) and 3.0 (95%CI, 1.1-8.1) for each 10mm increase in the 

size of the largest nodules. The differences between sex, age, BMI, ophthalmopathy and 

dermopathy were not statistically significant. Regarding smoking habits, treatment with 

antithyroid drugs, and the number of ablative doses, the differences were also not 

significant between groups. Thyroid function biochemical values at diagnosis of Graves' 

disease (TSH, FT4, FT3, TRAbs) did not show a significant association.”  

 

18 – Página 17: “In this retrospective cohort study, we report that patients with Graves' 

disease have a high prevalence of thyroid nodules and a relevant risk of thyroid 

malignancy (3.3% of patients during a median follow-up of 3.3 years) compared to the 

general population. All of the thyroid cancers diagnosed were low-grade papillary 

carcinomas. Patients with multiple nodules and larger nodules had a higher risk of thyroid 

malignancy.” 

 



19 – Página 18: “Our study has limitations that we must acknowledge. The first limitation 

concerns the retrospective design of our study, which limits the collection of more 

detailed data. The second limitation is that the study was carried out in a single center, 

which may decrease the generalizability of our findings. It is important to mention that 

the prevalence of thyroid cancer may have been higher due to the fact that these 

patients, with Graves' disease, had a more regular follow-up. Moreover, 

microcarcinomas are known to exist in many undiagnosed people and have no future 

repercussions.”  

 

20 – Página 18: “In conclusion, Graves’ disease patients with more and larger nodules 

had an increased risk of thyroid cancer. A closer follow-up of this subgroup of patients 

may be needed to allow earlier identification and treatment of thyroid cancer.” 

 

21 – Página 18: “The second limitation is that the study was carried out in a single center, 

which may decrease the generalizability of our findings.” 

 

22- Não aplicável. Não foi recebido nenhum financiamento para a realização deste 

estudo.  
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