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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 (25"-75" 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 Hurthle 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 Universitario de Sdo Jodo (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/m?. 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) Ul/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 (%)

Age, years

BMI, kg/m?
Ophthalmopathy, n (%)
Dermopathy, n (%)

Smoking habits, n (%)

Non-smoker, n (%)
Current smoker, n (%)
Ex-smoker, n (%)

Antithyroid, n (%)

Methimazole, mg
Propylthiouracil, mg
Initial TRAbs, U/L
TSH, Ul/mL
FT4, ng/dL

FT3, pg/mL

98 (18.2%)
45.7 +15.1

256 +4.9
128 (23.9%)

7 (1.3%)

321 (61.3%)
163 (31.1%)

40 (7.6%)

408 (84.1%)

46 (9.5%)
7.5(3.7-21.8)
0.001 (0.0-0.008)
1.7 (1.1-2.3)

5.7 (3.7-10.1)

BMI, body mass index; TRADs, 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%)
[I- Benign, n (%) 99 (71.2%)

IlI- Atypia/follicular lesion of 4 (2.9%)
undetermined significance, n (%)

IV- Follicular neoplasm or suspicious 7 (5.1%)
for follicular neoplasm, n (%)

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%

pT1aNORO, 12.5% pT1(m)Nx, 12.5% pT1bNxR0 and 6.25% pT1N1RO.



Table 4. Thyroid surgery and histology of thyroid cancers

Thyroid surgery
Total thyroidectomy, n (%)
Hemithyroidectomy, n (%)
Thyroid cancer, n (%)
Tumor size, mm
Classification
Papillary microcarcinoma, n (%)
Classic papillary carcinoma, n (%)
Follicular variant papillary carcinoma, n (%)
NIFTP- Non-invasive follicular thyroid neoplasm

with papillary-like nuclear features, n (%)

Tumor stage
pT1A, n (%)
pT1aNORO, n (%)
pT1(m)NXx, n (%)
pT1bNxRO, n (%)

pT1N1RO, n (%)

74 (93.7%)
4 (5.1%)
18 (3.3%)

7.3+4.1

10 (55.6%)
3 (16.7%)
4 (22.2%)

1 (5.6%)

2 (12.5%)
9 (56.3%)
2 (12.5%)
2 (12.5%)

1(6.25%)

Tumor stage shown according to the TNM staging AJCC UICC 8™ 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%Cl, 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,

TRADbs) did not show a significant association.

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

Without Thyroid With Thyroid P value
cancer (521) cancer (18)
Male, n (%) 96 (18.4%) 2 (11.1%) 0.43
Age, years 45.7 £ 15.0 46.4 £ 16.2 0.86
BMI, kg/m? 25.6+4.9 26.0+54 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

Ablative doses n (%)

0

1

2

3

One or more thyroid

nodules, n (%)

Multiple nodes, n (%)

Largest nodule
dimension, mm

TSH, Ul/mL
FT4, ng/dL
FT3, pg/mL

TRADbs

Antithyroid drug duration,

months

43 (9.2%)

408 (79.7%)
94 (18.4%)
9 (1.8%)
1(0.2%)

274 (54.3%)

193 (38.2%)

10.4 (7.0-17.0)

0.0 (0.0-0.0)
1.7 (1.1-2.3)
5.8 (3.6-10.1)

7.5(3.8-21.8)

20.0 (10.0-35.0)

3 (17.6%)

14 (82.4%)
3 (17.6%)
0 (0.0%)

0 (0.0%)

13 (76.5%)

11 (64.7%)

17.8 (8.0-28.0)

0.0 (0.0-0.0)
1.4 (11-2.2)
5.5 (4.2-9.5)

5.2 (3.4-10.7)

16.0 (10.0-37.0)

0.95

0.07

0.028

0.048

0.25

0.51

0.96

0.55

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

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

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a commonly used term in the title or the 7
abstract
(b) Provide in the abstract an informative and balanced summary of what was 7
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 8
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 8
Methods
Study design 4 Present key elements of study design early in the paper
Setting Describe the setting, locations, and relevant dates, including periods of
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of 9
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and NA
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 9
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 9
measurement assessment (measurement). Describe comparability of assessment methods if
there is more than one group
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, 9,10
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 9,10
confounding
(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
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Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers 9,10
potentially eligible, examined for eligibility, confirmed eligible, included in the
study, completing follow-up, and analysed
(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) 10
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of NA
interest
(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




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

(b) Report category boundaries when continuous variables were categorized 15
(c) If relevant, consider translating estimates of relative risk into absolute risk for a NA
meaningful time period
Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 10,11,
analyses 12’13’
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 18

imprecision. Discuss both direction and magnitude of any potential bias

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 18
multiplicity of analyses, results from similar studies, and other relevant evidence

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 NA

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

*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) — Pagina 7: “Retrospective observational study of adult subjects with Graves'

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

1 (b) — Pagina 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 (25"-75" 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 - Pagina 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 Hurthle 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 - Pagina 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 - Pagina 9: “We performed a retrospective longitudinal observational study at Centro
Hospitalar Universitario de Sao Joao (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- Pagina 9: “We performed a retrospective longitudinal observational study at Centro
Hospitalar Universitario de Sao Joao (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) - Pagina 9: “We performed a retrospective longitudinal observational study at Centro
Hospitalar Universitario de Sado Jodo (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) — Nao aplicavel uma vez que, neste estudo, ndo foram estabelecidos critérios de

correspondéncia e os individuos nao foram classificados como expostos e ndo expostos.

7 - Pagina 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 - Pagina 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 - Pagina 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 - Pagina 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 - Pagina 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) — Pagina 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) — Nao aplicavel, uma vez que sendo um estudo retrospetivo tem inerentemente

dados a faltar.

12 (d) — Nao aplicavel, porque nao se registaram perdas de follow-up.

12 (e) — Pagina 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) - Pagina 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) - Pagina 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) Ul/mL, FT4 1.7 (1.1- 2.3) ng/dL and

FT3 5.7 (3.7-10.1) pg/mL.”



14 (b) - Nao aplicavel.

14 (c) — Pagina 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- Pagina 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%Cl, 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) — Pagina 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%Cl, 1.04-2.49) for patients with multiple thyroid nodules (vs. no nodules or single
nodule) and 3.0 (95%CIl, 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) — Nao aplicavel, nao foi considerado relevante para este estudo.



17 — Pagina 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/mZ.
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)
Ul/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 T1in T
category of TMN classification — 12.5% pT1A, 56.3% pT1aNORO, 12.5% pT1(m)NXx,
12.5% pT1bNxRO and 6.25% pT1N1RO0.” (...) “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%ClI, 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 — Pagina 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 — Pagina 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 — Pagina 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— Pagina 18: “The second limitation is that the study was carried out in a single center,

which may decrease the generalizability of our findings.”

22- Nao aplicavel. Nao foi recebido nenhum financiamento para a realizagdo deste

estudo.
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e Purpose (stating the main purposes and research question)
e Methods

o Results

» Conclusion

For life science journals only (when applicable)

« Trial registration number and date of registration for prospectively registered trials
» Trial registration number and date of registration followed by “retrospectively registered”, for retrospectively registered trials

Keywords

Please provide 4 to 6 keywords which can be used for indexing purposes.
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Text

Text Formatting

Manuscripts should be submitted in Word.

e Use a normal, plain font (e.g., 10-point Times Roman) for text.

Use italics for emphasis.

» Use the automatic page numbering function to number the pages.
¢ Do not use field functions.

o Use tab stops or other commands for indents, not the space bar.

Use the table function, not spreadsheets, to make tables.
* Use the equation editor or MathType for equations.

Save your file in docx format (Word 2007 or higher) or doc format (older Word versions).



Headings

Please use no more than three levels of displayed headings.

Abbreviations

Abbreviations should be defined at first mention and used consistently thereafter.

Footnotes

Footnotes can be used to give additional information, which may include the citation of a reference included in the reference
list. They should not consist solely of a reference citation, and they should never include the bibliographic details of a

reference. They should also not contain any figures or tables.

Footnotes to the text are numbered consecutively; those to tables should be indicated by superscript lower-case letters (or
asterisks for significance values and other statistical data). Footnotes to the title or the authors of the article are not given
reference symbols.

Always use footnotes instead of endnotes.

Acknowledgments

Acknowledgments of people, grants, funds, etc. should be placed in a separate section on the title page. The names of funding
organizations should be written in full.
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References

Citation

Reference citations in the text should be identified by numbers in square brackets. Some examples:
1. Negotiation research spans many disciplines [3].

2. This result was later contradicted by Becker and Seligman [5].

3. This effect has been widely studied [1-3, 71.

Reference list

The list of references should only include works that are cited in the text and that have been published or accepted for
publication. Personal communications and unpublished works should only be mentioned in the text.

The entries in the list should be numbered consecutively.
If available, please always include DOls as full DOI links in your reference list (e.g. “https://doi.org/abc”).
o Journal article

Hamburger, C.: Quasimonotonicity, regularity and duality for nonlinear systems of partial differential equations. Ann. Mat.
Pura Appl. 169, 321-354 (1995)

Atiole . AT



Articie by DUl
Sajti, C.L., Georgio, S., Khodorkovsky, V., Marine, W.: New nanohybrid materials for biophotonics. Appl. Phys. A (2007).
https://doi.org/10.1007/s00339-007-4137-z
e Book
Geddes, K.O., Czapor, S.R., Labahn, G.: Algorithms for Computer Algebra. Kluwer, Boston (1992)
e Book chapter
Broy, M.: Software engineering — from auxiliary to key technologies. In: Broy, M., Denert, E. (eds.) Software Pioneers, pp. 10—
13. Springer, Heidelberg (2002)
¢ Online document
Cartwright, J.: Big stars have weather too. IOP Publishing PhysicsWeb. http://physicsweb.org/articles/news/11/6/16/1 (2007).
Accessed 26 June 2007

Always use the standard abbreviation of a journal’s name according to the ISSN List of Title Word Abbreviations, see
ISSN.org LTWA

If you are unsure, please use the full journal title.
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Statements & Declarations

The following statements must be included in your submitted manuscript under the heading 'Statements and Declarations'.
This should be placed after the References section. Please note that submissions that do not include required statements will
be returned as incomplete.

Funding

Please describe any sources of funding that have supported the work. The statement should include details of any grants
received (please give the name of the funding agency and grant number).

Example statements:

“This work was supported by [...] (Grant numbers [...] and [...]). Author A.B. has received research support from Company A.”
“The authors declare that no funds, grants, or other support were received during the preparation of this manuscript.”
Competing Interests

Authors are required to disclose financial or non-financial interests that are directly or indirectly related to the work submitted
for publication. Interests within the last 3 years of beginning the work (conducting the research and preparing the work for
submission) should be reported. Interests outside the 3-year time frame must be disclosed if they could reasonably be
perceived as influencing the submitted work.

Example statements:

“Financial interests: Author A and B declare they have no financial interests. Author C has received speaker and consultant
honoraria from Company M. Dr. C has received speaker honorarium and research funding from Company M and Company N.
Author D has received travel support from Company O. Non-financial interests: Author D has served on advisory boards for
Company M and Company N.”



“The authors have no relevant financial or non-financial interests to disclose.”

Please refer to the “Competing Interests” section below for more information on how to complete these sections.

Author Contributions

Authors are encouraged to include a statement that specifies the contribution of every author to the research and preparation
of the manuscript.

Example statement:

“All authors contributed to the study conception and design. Material preparation, data collection and analysis were performed
by [full name], [full name] and [full name]. The first draft of the manuscript was written by [full name] and all authors
commented on previous versions of the manuscript. All authors read and approved the final manuscript.”

Please refer to the “Authorship Principles " section below for more information on how to complete this section.

In addition to the above, manuscripts that report the results of studies involving humans and/or animals should include the
following declarations:

Ethics approval

Authors of research involving human or animal subjects should include a statement that confirms that the study was approved
(or granted exemption) by the appropriate institutional and/or national research ethics committee (including the name of the
ethics committee and reference number, if available). For research involving animals, their data or biological material, authors
should supply detailed information on the ethical treatment of their animals in their submission. If a study was granted

exemption or did not require ethics approval, this should also be detailed in the manuscript.

“This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of University B (Date.../No....)."”

“This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical approval is required.”

For detailed information on relevant ethical standards and criteria, please refer to the sections on “Research involving human
participants, their data or biological material”, “Research involving animals, their data or biological material”.

Consent to participate

For all research involving human subjects, freely-given, informed consent to participate in the study must be obtained from
participants (or their parent or legal guardian in the case of children under 16) and a statement to this effect should appear in
the manuscript.

Example statement:

“Informed consent was obtained from all individual participants included in the study.”

“Written informed consent was obtained from the parents.”

Please refer to the section on “Informed Consent” for additional help with completing this information.

Cnnecent ta nithlich
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Individuals may consent to participate in a study, but object to having their data published in a journal article. If your manuscript
contains any individual person’s data in any form (including any individual details, images or videos), consent for publication
must be obtained from that person, or in the case of children, their parent or legal guardian. This is in particular applicable to
case studies. A statement confirming that consent to publish has been received from all participants should appear in the
manuscript.

Example statement:

“The authors affirm that human research participants provided informed consent for publication of the images in Figure(s) 1a,
1b and 1c.”

Please refer to the section on “Informed Consent” for additional help with completing this information.
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Tables

All tables are to be numbered using Arabic numerals.

Tables should always be cited in text in consecutive numerical order.

For each table, please supply a table caption (title) explaining the components of the table.

Identify any previously published material by giving the original source in the form of a reference at the end of the table
caption.

e Footnotes to tables should be indicated by superscript lower-case letters (or asterisks for significance values and other
statistical data) and included beneath the table body.
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Artwork and Illustrations Guidelines

Electronic Figure Submission

o Supply all figures electronically.

» Indicate what graphics program was used to create the artwork.

» For vector graphics, the preferred format is EPS; for halftones, please use TIFF format. MSOffice files are also acceptable.
e Vector graphics containing fonts must have the fonts embedded in the files.

« Name your figure files with "Fig" and the figure number, e.g., Figl.eps.

Line Art
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o Definition: Black and white graphic with no shading.
» Do not use faint lines and/or lettering and check that all lines and lettering within the figures are legible at final size.
e All lines should be at least 0.1 mm (0.3 pt) wide.
e Scanned line drawings and line drawings in bitmap format should have a minimum resolution of 1200 dpi.
e Vector graphics containing fonts must have the fonts embedded in the files.

Halftone Art

« Definition: Photographs, drawings, or paintings with fine shading, etc.
« If any magnification is used in the photographs, indicate this by using scale bars within the figures themselves.
o Halftones should have a minimum resolution of 300 dpi.

Combination Art
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« Definition: a combination of halftone and line art, e.g., halftones containing line drawing, extensive lettering, color diagrams,

etc.
o Combination artwork should have a minimum resolution of 600 dpi.

Color Art

e Color art is free of charge for online publication.
o If black and white will be shown in the print version, make sure that the main information will still be visible. Many colors are
not distinguishable from one another when converted to black and white. A simple way to check this is to make a xerographic



copy to see if the necessary distinctions between the different colors are still apparent.
If the figures will be printed in black and white, do not refer to color in the captions.
Color illustrations should be submitted as RGB (8 bits per channel).

Figure Lettering

To add lettering, it is best to use Helvetica or Arial (sans serif fonts).

Keep lettering consistently sized throughout your final-sized artwork, usually about 2-3 mm (8-12 pt).

Variance of type size within an illustration should be minimal, e.g., do not use 8-pt type on an axis and 20-pt type for the axis
label.

Avoid effects such as shading, outline letters, etc.

Do not include titles or captions within your illustrations.

Figure Numbering

All figures are to be numbered using Arabic numerals.

Figures should always be cited in text in consecutive numerical order.

Figure parts should be denoted by lowercase letters (a, b, c, etc.).

If an appendix appears in your article and it contains one or more figures, continue the consecutive numbering of the main
text. Do not number the appendix figures,"A1, A2, A3, etc." Figures in online appendices [Supplementary Information (SI)]
should, however, be numbered separately.

Figure Captions

Each figure should have a concise caption describing accurately what the figure depicts. Include the captions in the text file
of the manuscript, not in the figure file.

Figure captions begin with the term Fig. in bold type, followed by the figure number, also in bold type.

No punctuation is to be included after the number, nor is any punctuation to be placed at the end of the caption.

Identify all elements found in the figure in the figure caption; and use boxes, circles, etc., as coordinate points in graphs.
Identify previously published material by giving the original source in the form of a reference citation at the end of the figure
caption.

Figure Placement and Size

Figures should be submitted within the body of the text. Only if the file size of the manuscript causes problems in uploading
it, the large figures should be submitted separately from the text.

When preparing your figures, size figures to fit in the column width.

For large-sized journals the figures should be 84 mm (for double-column text areas), or 174 mm (for single-column text
areas) wide and not higher than 234 mm.

For small-sized journals, the figures should be 119 mm wide and not higher than 195 mm.

Permissions

If you include figures that have already been published elsewhere, you must obtain permission from the copyright owner(s) for
both the print and online format. Please be aware that some publishers do not grant electronic rights for free and that Springer
will not be able to refund any costs that may have occurred to receive these permissions. In such cases, material from other

sources should be used.

Accessibility

In order to give people of all abilities and disabilities access to the content of your figures, please make sure that

All figures have descriptive captions (blind users could then use a text-to-speech software or a text-to-Braille hardware)



» Patterns are used instead of or in addition to colors for conveying information (colorblind users would then be able to
distinguish the visual elements)
o Any figure lettering has a contrast ratio of at least 4.5:1
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Supplementary Information (SI)

Springer accepts electronic multimedia files (animations, movies, audio, etc.) and other supplementary files to be published
online along with an article or a book chapter. This feature can add dimension to the author's article, as certain information

cannot be printed or is more convenient in electronic form.

Before submitting research datasets as Supplementary Information, authors should read the journal’s Research data policy. We
encourage research data to be archived in data repositories wherever possible.

Submission

Supply all supplementary material in standard file formats.

Please include in each file the following information: article title, journal name, author names; affiliation and e-mail address of
the corresponding author.

o To accommodate user downloads, please keep in mind that larger-sized files may require very long download times and that
some users may experience other problems during downloading.

High resolution (streamable quality) videos can be submitted up to a maximum of 25GB; low resolution videos should not be
larger than 5GB.

Audio, Video, and Animations

o Aspect ratio: 16:9 or 4:3

o Maximum file size: 25 GB for high resolution files; 5 GB for low resolution files

e Minimum video duration: 1 sec

* Supported file formats: avi, wmv, mp4, mov, m2p, mp2, mpg, mpeg, flv, mxf, mts, m4v, 3gp

Text and Presentations

e Submit your material in PDF format; .doc or .ppt files are not suitable for long-term viability.
o A collection of figures may also be combined in a PDF file.

Spreadsheets

e Spreadsheets should be submitted as .csv or .xlsx files (MS Excel).

Specialized Formats

e Specialized format such as .pdb (chemical), .wrl (VRML), .nb (Mathematica notebook), and .tex can also be supplied.
Collecting Multiple Files

e It is possible to collect multiple files in a .zip or .gz file.

Numbering

» |If supplying any supplementary material, the text must make specific mention of the material as a citation, similar to that of
figures and tables.
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« Name the files consecutively, e.g. "ESM_3.mpg", "ESM_4.pdf".

Captions

» For each supplementary material, please supply a concise caption describing the content of the file.

Processing of supplementary files

¢ Supplementary Information (SI) will be published as received from the author without any conversion, editing, or reformatting.
Accessibility

In order to give people of all abilities and disabilities access to the content of your supplementary files, please make sure that

e The manuscript contains a descriptive caption for each supplementary material
« Video files do not contain anything that flashes more than three times per second (so that users prone to seizures caused by
such effects are not put at risk)
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Scientific style

» Please always use internationally accepted signs and symbols for units (SI units).
* Generic names of drugs and pesticides are preferred; if trade names are used, the generic name should be given at first
mention.
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Editing Services
English
How can you help improve your manuscript for publication?

Presenting your work in a well-structured manuscript and in well-written English gives it its best chance for editors and
reviewers to understand it and evaluate it fairly. Many researchers find that getting some independent support helps them
present their results in the best possible light. The experts at Springer Nature Author Services can help you with manuscript
preparation—including English language editing, developmental comments, manuscript formatting, figure preparation,
translation, and more.

Get started and save 15%
You can also use our free Grammar Check tool for an evaluation of your work.

Please note that using these tools, or any other service, is not a requirement for publication, nor does it imply or guarantee that
editors will accept the article, or even select it for peer review.
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Ethical Responsibilities of Authors

This journal is committed to upholding the integrity of the scientific record. As a member of the Committee on Publication
Ethics (COPE) the journal will follow the COPE guidelines on how to deal with potential acts of misconduct.

Authors should refrain from misrepresenting research results which could damage the trust in the journal, the professionalism



of scientific authorship, and ultimately the entire scientific endeavour. Maintaining integrity of the research and its presentation
is helped by following the rules of good scientific practice, which include*:

¢ The manuscript should not be submitted to more than one journal for simultaneous consideration.
» The submitted work should be original and should not have been published elsewhere in any form or language (partially or in

full), unless the new work concerns an expansion of previous work. (Please provide transparency on the re-use of material to
avoid the concerns about text-recycling (‘self-plagiarism’).

A single study should not be split up into several parts to increase the quantity of submissions and submitted to various
journals or to one journal over time (i.e. ‘salami-slicing/publishing’).

Concurrent or secondary publication is sometimes justifiable, provided certain conditions are met. Examples include:
translations or a manuscript that is intended for a different group of readers.

Results should be presented clearly, honestly, and without fabrication, falsification or inappropriate data manipulation
(including image based manipulation). Authors should adhere to discipline-specific rules for acquiring, selecting and
processing data.

o No data, text, or theories by others are presented as if they were the author’s own (‘plagiarism’). Proper acknowledgements
to other works must be given (this includes material that is closely copied (near verbatim), summarized and/or paraphrased),
quotation marks (to indicate words taken from another source) are used for verbatim copying of material, and permissions
secured for material that is copyrighted.

Important note: the journal may use software to screen for plagiarism.

Authors should make sure they have permissions for the use of software, questionnaires/(web) surveys and scales in their
studies (if appropriate).

e Research articles and non-research articles (e.g. Opinion, Review, and Commentary articles) must cite appropriate and
relevant literature in support of the claims made. Excessive and inappropriate self-citation or coordinated efforts among
several authors to collectively self-cite is strongly discouraged.

o Authors should avoid untrue statements about an entity (who can be an individual person or a company) or descriptions of
their behavior or actions that could potentially be seen as personal attacks or allegations about that person.

Research that may be misapplied to pose a threat to public health or national security should be clearly identified in the
manuscript (e.g. dual use of research). Examples include creation of harmful consequences of biological agents or toxins,
disruption of immunity of vaccines, unusual hazards in the use of chemicals, weaponization of research/technology (amongst
others).

o Authors are strongly advised to ensure the author group, the Corresponding Author, and the order of authors are all correct
at submission. Adding and/or deleting authors during the revision stages is generally not permitted, but in some cases may
be warranted. Reasons for changes in authorship should be explained in detail. Please note that changes to authorship
cannot be made after acceptance of a manuscript.

*All of the above are guidelines and authors need to make sure to respect third parties rights such as copyright and/or moral
rights.

Upon request authors should be prepared to send relevant documentation or data in order to verify the validity of the results
presented. This could be in the form of raw data, samples, records, etc. Sensitive information in the form of confidential or
proprietary data is excluded.



If there is suspicion of misbehavior or alleged fraud the Journal and/or Publisher will carry out an investigation following COPE
guidelines. If, after investigation, there are valid concerns, the author(s) concerned will be contacted under their given e-mail
address and given an opportunity to address the issue. Depending on the situation, this may result in the Journal’s and/or
Publisher’s implementation of the following measures, including, but not limited to:

o |If the manuscript is still under consideration, it may be rejected and returned to the author.

« If the article has already been published online, depending on the nature and severity of the infraction:
- an erratum/correction may be placed with the article

- an expression of concern may be placed with the article

- or in severe cases retraction of the article may occur.

The reason will be given in the published erratum/correction, expression of concern or retraction note. Please note that
retraction means that the article is maintained on the platform, watermarked “retracted” and the explanation for the
retraction is provided in a note linked to the watermarked article.

o The author’s institution may be informed

o A notice of suspected transgression of ethical standards in the peer review system may be included as part of the author’s
and article’s bibliographic record.

Fundamental errors

Authors have an obligation to correct mistakes once they discover a significant error or inaccuracy in their published article.
The author(s) is/are requested to contact the journal and explain in what sense the error is impacting the article. A decision on
how to correct the literature will depend on the nature of the error. This may be a correction or retraction. The retraction note
should provide transparency which parts of the article are impacted by the error.

Suggesting / excluding reviewers

Authors are welcome to suggest suitable reviewers and/or request the exclusion of certain individuals when they submit their
manuscripts. When suggesting reviewers, authors should make sure they are totally independent and not connected to the
work in any way. It is strongly recommended to suggest a mix of reviewers from different countries and different institutions.
When suggesting reviewers, the Corresponding Author must provide an institutional email address for each suggested
reviewer, or, if this is not possible to include other means of verifying the identity such as a link to a personal homepage, a link
to the publication record or a researcher or author ID in the submission letter. Please note that the Journal may not use the
suggestions, but suggestions are appreciated and may help facilitate the peer review process.
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Authorship principles

These guidelines describe authorship principles and good authorship practices to which prospective authors should adhere to.

Authorship clarified

The Journal and Publisher assume all authors agreed with the content and that all gave explicit consent to submit and that they
obtained consent from the responsible authorities at the institute/organization where the work has been carried out, before the



work is submitted.

The Publisher does not prescribe the kinds of contributions that warrant authorship. It is recommended that authors adhere to
the guidelines for authorship that are applicable in their specific research field. In absence of specific guidelines it is
recommended to adhere to the following guidelines*:

All authors whose names appear on the submission

1) made substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data;
or the creation of new software used in the work;

2) drafted the work or revised it critically for important intellectual content;

3) approved the version to be published; and

4) agree to be accountable for all aspects of the work in ensuring that questions related to the accuracy or integrity of any part
of the work are appropriately investigated and resolved.

* Based on/adapted from:

ICMJE, Defining_the Role of Authors and Contributors

—

ransparenc
February 27,

y_in authors’ contributions and responsibilities to promote integrity in scientific publication, McNutt at all, PNAS
2018

Disclosures and declarations

All authors are requested to include information regarding sources of funding, financial or non-financial interests, study-
specific approval by the appropriate ethics committee for research involving humans and/or animals, informed consent if the
research involved human participants, and a statement on welfare of animals if the research involved animals (as appropriate).

The decision whether such information should be included is not only dependent on the scope of the journal, but also the
scope of the article. Work submitted for publication may have implications for public health or general welfare and in those
cases it is the responsibility of all authors to include the appropriate disclosures and declarations.

Data transparency

All authors are requested to make sure that all data and materials as well as software application or custom code support their
published claims and comply with field standards. Please note that journals may have individual policies on (sharing) research
data in concordance with disciplinary norms and expectations.

Role of the Corresponding Author

One author is assigned as Corresponding Author and acts on behalf of all co-authors and ensures that questions related to the
accuracy or integrity of any part of the work are appropriately addressed.

The Corresponding Author is responsible for the following requirements:
« ensuring that all listed authors have approved the manuscript before submission, including the names and order of authors;

e managing all communication between the Journal and all co-authors, before and after publication;*



o providing transparency on re-use of material and mention any unpublished material (for example manuscripts in press)
included in the manuscript in a cover letter to the Editor;

» making sure disclosures, declarations and transparency on data statements from all authors are included in the manuscript
as appropriate (see above).

* The requirement of managing all communication between the journal and all co-authors during submission and proofing may
be delegated to a Contact or Submitting Author. In this case please make sure the Corresponding Author is clearly indicated in
the manuscript.

Author contributions

In absence of specific instructions and in research fields where it is possible to describe discrete efforts, the Publisher
recommends authors to include contribution statements in the work that specifies the contribution of every author in order to
promote transparency. These contributions should be listed at the separate title page.

Examples of such statement(s) are shown below:
« Free text:
All authors contributed to the study conception and design. Material preparation, data collection and analysis were performed

by [full name], [full name] and [full name]. The first draft of the manuscript was written by [full name] and all authors
commented on previous versions of the manuscript. All authors read and approved the final manuscript.

Example: CRediT taxonomy:
« Conceptualization: [full name], ...; Methodology: [full name], ...; Formal analysis and investigation: [full name], ...; Writing -
original draft preparation: [full name, ...]; Writing - review and editing: [full name], ...; Funding acquisition: [full name], ...;

Resources: [full name], ...; Supervision: [full namel],....

For review articles where discrete statements are less applicable a statement should be included who had the idea for the
article, who performed the literature search and data analysis, and who drafted and/or critically revised the work.

For articles that are based primarily on the student’s dissertation or thesis, it is recommended that the student is usually
listed as principal author:

A Graduate Student'’s Guide to Determining Authorship Credit and Authorship Order, APA Science Student Council 2006

Affiliation

The primary affiliation for each author should be the institution where the majority of their work was done. If an author has
subsequently moved, the current address may additionally be stated. Addresses will not be updated or changed after
publication of the article.

Changes to authorship

Authors are strongly advised to ensure the correct author group, the Corresponding Author, and the order of authors at
submission. Changes of authorship by adding or deleting authors, and/or changes in Corresponding Author, and/or changes in
the sequence of authors are not accepted after acceptance of a manuscript.

« Please note that author names will be published exactly as they appear on the accepted submission!
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current.

Adding and/or deleting authors at revision stage are generally not permitted, but in some cases it may be warranted. Reasons
for these changes in authorship should be explained. Approval of the change during revision is at the discretion of the Editor-
in-Chief. Please note that journals may have individual policies on adding and/or deleting authors during revision stage.

Author identification

Authors are recommended to use their ORCID ID when submitting an article for consideration or acquire an ORCID ID via the
submission process.

Deceased or incapacitated authors

For cases in which a co-author dies or is incapacitated during the writing, submission, or peer-review process, and the co-
authors feel it is appropriate to include the author, co-authors should obtain approval from a (legal) representative which could
be a direct relative.

Authorship issues or disputes

In the case of an authorship dispute during peer review or after acceptance and publication, the Journal will not be in a position
to investigate or adjudicate. Authors will be asked to resolve the dispute themselves. If they are unable the Journal reserves the
right to withdraw a manuscript from the editorial process or in case of a published paper raise the issue with the authors’
institution(s) and abide by its guidelines.

Confidentiality

Authors should treat all communication with the Journal as confidential which includes correspondence with direct
representatives from the Journal such as Editors-in-Chief and/or Handling Editors and reviewers’ reports unless explicit
consent has been received to share information.

Back to top 1

Compliance with Ethical Standards

To ensure objectivity and transparency in research and to ensure that accepted principles of ethical and professional conduct
have been followed, authors should include information regarding sources of funding, potential conflicts of interest (financial or
non-financial), informed consent if the research involved human participants, and a statement on welfare of animals if the
research involved animals.

Authors should include the following statements (if applicable) in a separate section entitled “Compliance with Ethical
Standards” when submitting a paper:

¢ Disclosure of potential conflicts of interest
» Research involving Human Participants and/or Animals

¢ Informed consent

Please note that standards could vary slightly per journal dependent on their peer review policies (i.e. single or double blind
peer review) as well as per journal subject discipline. Before submitting your article check the instructions following this section
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The corresponding author should be prepared to collect documentation of compliance with ethical standards and send if
requested during peer review or after publication.

The Editors reserve the right to reject manuscripts that do not comply with the above-mentioned guidelines. The author will be
held responsible for false statements or failure to fulfill the above-mentioned guidelines.
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Competing Interests

Authors are requested to disclose interests that are directly or indirectly related to the work submitted for publication. Interests
within the last 3 years of beginning the work (conducting the research and preparing the work for submission) should be
reported. Interests outside the 3-year time frame must be disclosed if they could reasonably be perceived as influencing the
submitted work. Disclosure of interests provides a complete and transparent process and helps readers form their own
judgments of potential bias. This is not meant to imply that a financial relationship with an organization that sponsored the
research or compensation received for consultancy work is inappropriate.

Editorial Board Members and Editors are required to declare any competing interests and may be excluded from the peer
review process if a competing interest exists. In addition, they should exclude themselves from handling manuscripts in cases
where there is a competing interest. This may include - but is not limited to — having previously published with one or more of
the authors, and sharing the same institution as one or more of the authors. Where an Editor or Editorial Board Member is on
the author list they must declare this in the competing interests section on the submitted manuscript. If they are an author or
have any other competing interest regarding a specific manuscript, another Editor or member of the Editorial Board will be
assigned to assume responsibility for overseeing peer review. These submissions are subject to the exact same review process
as any other manuscript. Editorial Board Members are welcome to submit papers to the journal. These submissions are not
given any priority over other manuscripts, and Editorial Board Member status has no bearing on editorial consideration.

Interests that should be considered and disclosed but are not limited to the following:

Funding: Research grants from funding agencies (please give the research funder and the grant number) and/or research
support (including salaries, equipment, supplies, reimbursement for attending symposia, and other expenses) by organizations
that may gain or lose financially through publication of this manuscript.

Employment: Recent (while engaged in the research project), present or anticipated employment by any organization that may
gain or lose financially through publication of this manuscript. This includes multiple affiliations (if applicable).

Financial interests: Stocks or shares in companies (including holdings of spouse and/or children) that may gain or lose
financially through publication of this manuscript; consultation fees or other forms of remuneration from organizations that may
gain or lose financially; patents or patent applications whose value may be affected by publication of this manuscript.

It is difficult to specify a threshold at which a financial interest becomes significant, any such figure is necessarily arbitrary, so
one possible practical guideline is the following: "Any undeclared financial interest that could embarrass the author were it to
become publicly known after the work was published."

Non-financial interests: In addition, authors are requested to disclose interests that go beyond financial interests that could
impart bias on the work submitted for publication such as professional interests, personal relationships or personal beliefs
(amongst others). Examples include, but are not limited to: position on editorial board, advisory board or board of directors or



other type of management relationships; writing and/or consulting for educational purposes; expert witness; mentoring

relations; and so forth.

Primary research articles require a disclosure statement. Review articles present an expert synthesis of evidence and may be
treated as an authoritative work on a subject. Review articles therefore require a disclosure statement.Other article types such
as editorials, book reviews, comments (amongst others) may, dependent on their content, require a disclosure statement. If you
are unclear whether your article type requires a disclosure statement, please contact the Editor-in-Chief.

Please note that, in addition to the above requirements, funding information (given that funding is a potential competing
interest (as mentioned above)) needs to be disclosed upon submission of the manuscript in the peer review system. This

information will automatically be added to the Record of CrossMark, however it is not added to the manuscript itself. Under
‘summary of requirements’ (see below) funding information should be included in the ‘Declarations’ section.

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list under a
heading of ‘Funding’ and/or ‘Competing interests’ Other declarations include Ethics approval, Consent, Data, Material and/or
Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements according to your own needs.
When all authors have the same (or no) conflicts and/or funding it is sufficient to use one blanket statement.
Examples of statements to be used when funding has been received:

e Partial financial support was received from [...]

o The research leading to these results received funding from [...] under Grant Agreement No[...].
e This study was funded by [...]

e This work was supported by [...] (Grant numbers [...] and [...]

Examples of statements to be used when there is no funding:

e The authors did not receive support from any organization for the submitted work.
¢ No funding was received to assist with the preparation of this manuscript.

« No funding was received for conducting this study.

« No funds, grants, or other support was received.

Examples of statements to be used when there are interests to declare:

Financial interests: Author A has received research support from Company A. Author B has received a speaker honorarium

from Company Wand owns stock in Company X. Author C is consultant to company Y.

Non-financial interests: Author C is an unpaid member of committee Z.

Financial interests: The authors declare they have no financial interests.

Non-financial interests: Author A is on the board of directors of Y and receives no compensation as member of the board of

directors.

Financial interests: Author A received a speaking fee from Y for Z. Author B receives a salary from association X. X where
s/he is the Executive Director.

Non-financial interests: none.

Financial interests: Author A and B declare they have no financial interests. Author C has received speaker and consultant

honoraria from Company M and Company N. Dr. C has received speaker honorarium and research funding from Company M



and Company O. Author D has received travel support from Company O.
Non-financial interests: Author D has served on advisory boards for Company M, Company N and Company O.

Examples of statements to be used when authors have nothing to declare:

« The authors have no relevant financial or non-financial interests to disclose.

» The authors have no competing interests to declare that are relevant to the content of this article.

o All authors certify that they have no affiliations with or involvement in any organization or entity with any financial interest or
non-financial interest in the subject matter or materials discussed in this manuscript.

e The authors have no financial or proprietary interests in any material discussed in this article.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles. The
Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section.
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Research involving human participants, their data or biological material
Ethics approval

When reporting a study that involved human participants, their data or biological material, authors should include a statement
that confirms that the study was approved (or granted exemption) by the appropriate institutional and/or national research
ethics committee (including the name of the ethics committee) and certify that the study was performed in accordance with
the ethical standards as laid down in the 1964 Declaration of Helsinki and its later amendments or comparable ethical
standards. If doubt exists whether the research was conducted in accordance with the 1964 Helsinki Declaration or
comparable standards, the authors must explain the reasons for their approach, and demonstrate that an independent ethics
committee or institutional review board explicitly approved the doubtful aspects of the study. If a study was granted exemption
from requiring ethics approval, this should also be detailed in the manuscript (including the reasons for the exemption).

Retrospective ethics approval

If a study has not been granted ethics committee approval prior to commencing, retrospective ethics approval usually cannot
be obtained and it may not be possible to consider the manuscript for peer review. The decision on whether to proceed to peer
review in such cases is at the Editor's discretion.

Ethics approval for retrospective studies

Although retrospective studies are conducted on already available data or biological material (for which formal consent may not
be needed or is difficult to obtain) ethics approval may be required dependent on the law and the national ethical guidelines of
a country. Authors should check with their institution to make sure they are complying with the specific requirements of their
country.

Ethics approval for case studies

Case reports require ethics approval. Most institutions will have specific policies on this subject. Authors should check with
their institution to make sure they are complying with the specific requirements of their institution and seek ethics approval
where needed. Authors should be aware to secure informed consent from the individual (or parent or guardian if the participant
is a minor or incapable) See also section on Informed Consent.

Celllines



If human cells are used, authors must declare in the manuscript: what cell lines were used by describing the source of the cell
line, including when and from where it was obtained, whether the cell line has recently been authenticated and by what
method. If cells were bought from a life science company the following need to be given in the manuscript: name of company
(that provided the cells), cell type, number of cell line, and batch of cells.

It is recommended that authors check the NCBI database for misidentification and contamination of human cell lines. This step
will alert authors to possible problems with the cell line and may save considerable time and effort.

Further information is available from the International Cell Line Authentication Committee (ICLAC).

Authors should include a statement that confirms that an institutional or independent ethics committee (including the name of
the ethics committee) approved the study and that informed consent was obtained from the donor or next of kin.

Research Resource Identifiers (RRID)

Research Resource Identifiers (RRID) are persistent unique identifiers (effectively similar to a DOI) for research resources. This
journal encourages authors to adopt RRIDs when reporting key biological resources (antibodies, cell lines, model organisms
and tools) in their manuscripts.

Examples:

Organism: Filip7t™a(kOMP)Wisi pRID:MMRRC_055641-UCD

Cell Line: RST307 cell line RRID:CVCL_C321

Antibody: Luciferase antibody DSHB Cat# LUC-3, RRID:AB_2722109

Plasmid: mRuby3 plasmid RRID:Addgene_104005

Software: ImageJ Version 1.2.4 RRID:SCR_003070

RRIDs are provided by the Resource Identification Portal. Many commonly used research resources already have designated
RRIDs. The portal also provides authors links so that they can quickly register a new resource and obtain an RRID.

Clinical Trial Registration

The World Health Organization (WHO) definition of a clinical trial is "any research study that prospectively assigns human
participants or groups of humans to one or more health-related interventions to evaluate the effects on health outcomes". The
WHO defines health interventions as “A health intervention is an act performed for, with or on behalf of a person or population
whose purpose is to assess, improve, maintain, promote or modify health, functioning or health conditions” and a health-
related outcome is generally defined as a change in the health of a person or population as a result of an intervention.

To ensure the integrity of the reporting of patient-centered trials, authors must register prospective clinical trials (phase Il to IV
trials) in suitable publicly available repositories. For example www.clinicaltrials.gov or any of the primary registries that
participate in the WHO International Clinical Trials Registry Platform.

The trial registration number (TRN) and date of registration should be included as the last line of the manuscript abstract.

For clinical trials that have not been registered prospectively, authors are encouraged to register retrospectively to ensure the
complete publication of all results. The trial registration number (TRN), date of registration and the words 'retrospectively



registered’ should be included as the last line of the manuscript abstract.

Standards of reporting

Springer Nature advocates complete and transparent reporting of biomedical and biological research and research with
biological applications. Authors are recommended to adhere to the minimum reporting guidelines hosted by the EQUATOR
Network when preparing their manuscript.

Exact requirements may vary depending on the journal; please refer to the journal’s Instructions for Authors.

Checklists are available for a number of study designs, including:

Randomised trials (CONSORT) and Study protocols (SPIRIT),
Observational studies (STROBE)

Systematic reviews and meta-analyses (PRISMA) and protocols (Prisma-P)

Diagnostic/prognostic studies (STARD) and (TRIPOD)

Case reports (CARE)
Clinical practice guidelines (AGREE) and (RIGHT)
Qualitative research (SRQR) and (COREQ)

Animal pre-clinical studies (ARRIVE),

Quiality improvement studies (SQUIRE)
Economic evaluations (CHEERS)

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list under a
heading of ‘Ethics approval.

Examples of statements to be used when ethics approval has been obtained:
« All procedures performed in studies involving human participants were in accordance with the ethical standards of the
institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or

comparable ethical standards. The study was approved by the Bioethics Committee of the Medical University of A (No. ...).

« This study was performed in line with the principles of the Declaration of Helsinki. Approval was granted by the Ethics
Committee of University B (Date.../No. ...).

» Approval was obtained from the ethics committee of University C. The procedures used in this study adhere to the tenets of
the Declaration of Helsinki.

» The questionnaire and methodology for this study was approved by the Human Research Ethics committee of the University
of D (Ethics approval number: ...).



Examples of statements to be used for a retrospective study:

« Ethical approval was waived by the local Ethics Committee of University A in view of the retrospective nature of the study and
all the procedures being performed were part of the routine care.

« This research study was conducted retrospectively from data obtained for clinical purposes. We consulted extensively with
the IRB of XYZ who determined that our study did not need ethical approval. An IRB official waiver of ethical approval was
granted from the IRB of XYZ.

« This retrospective chart review study involving human participants was in accordance with the ethical standards of the
institutional and national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable

ethical standards. The Human Investigation Committee (IRB) of University B approved this study.
Examples of statements to be used when no ethical approval is required/exemption granted:
« This is an observational study. The XYZ Research Ethics Committee has confirmed that no ethical approval is required.

« The data reproduced from Article X utilized human tissue that was procured via our Biobank AB, which provides de-identified
samples. This study was reviewed and deemed exempt by our XYZ Institutional Review Board. The BioBank protocols are in
accordance with the ethical standards of our institution and with the 1964 Helsinki declaration and its later amendments or
comparable ethical standards.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles. The
Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section.
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Informed consent

All individuals have individual rights that are not to be infringed. Individual participants in studies have, for example, the right to
decide what happens to the (identifiable) personal data gathered, to what they have said during a study or an interview, as well
as to any photograph that was taken. This is especially true concerning images of vulnerable people (e.g. minors, patients,
refugees, etc) or the use of images in sensitive contexts. In many instances authors will need to secure written consent before
including images.

Identifying details (names, dates of birth, identity numbers, biometrical characteristics (such as facial features, fingerprint,
writing style, voice pattern, DNA or other distinguishing characteristic) and other information) of the participants that were
studied should not be published in written descriptions, photographs, and genetic profiles unless the information is essential
for scholarly purposes and the participant (or parent/guardian if the participant is a minor or incapable or legal representative)
gave written informed consent for publication. Complete anonymity is difficult to achieve in some cases. Detailed descriptions
of individual participants, whether of their whole bodies or of body sections, may lead to disclosure of their identity. Under
certain circumstances consent is not required as long as information is anonymized and the submission does not include
images that may identify the person.

Informed consent for publication should be obtained if there is any doubt. For example, masking the eye region in photographs
of participants is inadequate protection of anonymity. If identifying characteristics are altered to protect anonymity, such as in
genetic profiles, authors should provide assurance that alterations do not distort meaning.

Exceptions where it is not necessary to obtain consent:



« Images such as x rays, laparoscopic images, ultrasound images, brain scans, pathology slides unless there is a concern about
identifying information in which case, authors should ensure that consent is obtained.

» Reuse of images: If images are being reused from prior publications, the Publisher will assume that the prior publication
obtained the relevant information regarding consent. Authors should provide the appropriate attribution for republished
images.

Consent and already available data and/or biologic material

Regardless of whether material is collected from living or dead patients, they (family or guardian if the deceased has not made
a pre-mortem decision) must have given prior written consent. The aspect of confidentiality as well as any wishes from the
deceased should be respected.

Data protection, confidentiality and privacy

When biological material is donated for or data is generated as part of a research project authors should ensure, as part of the
informed consent procedure, that the participants are made aware what kind of (personal) data will be processed, how it will be
used and for what purpose. In case of data acquired via a biobank/biorepository, it is possible they apply a broad consent
which allows research participants to consent to a broad range of uses of their data and samples which is regarded by research
ethics committees as specific enough to be considered "“informed"”. However, authors should always check the specific
biobank/biorepository policies or any other type of data provider policies (in case of non-bio research) to be sure that this is the

case.

Consent to Participate

For all research involving human subjects, freely-given, informed consent to participate in the study must be obtained from
participants (or their parent or legal guardian in the case of children under 16) and a statement to this effect should appear in
the manuscript. In the case of articles describing human transplantation studies, authors must include a statement declaring
that no organs/tissues were obtained from prisoners and must also name the institution(s)/clinic(s)/department(s) via which
organs/tissues were obtained. For manuscripts reporting studies involving vulnerable groups where there is the potential for
coercion or where consent may not have been fully informed, extra care will be taken by the editor and may be referred to the
Springer Nature Research Integrity Group.

Consent to Publish

Individuals may consent to participate in a study, but object to having their data published in a journal article. Authors should
make sure to also seek consent from individuals to publish their data prior to submitting their paper to a journal. This is in
particular applicable to case studies. A consent to publish form can be found

here. (Download docx, 36 kB). ¥

Summary of requirements

The above should be summarized in a statement and placed in a ‘Declarations’ section before the reference list under a
heading of ‘Consent to participate’ and/or ‘Consent to publish’ Other declarations include Funding, Competing interests, Ethics
approval, Consent, Data and/or Code availability and Authors’ contribution statements.

Please see the various examples of wording below and revise/customize the sample statements according to your own needs.



Sample statements for "Consent to participate":

Informed consent was obtained from all individual participants included in the study.
Informed consent was obtained from legal guardians.

Written informed consent was obtained from the parents.

Verbal informed consent was obtained prior to the interview.

Sample statements for “Consent to publish”:

The authors affirm that human research participants provided informed consent for publication of the images in Figure(s) 1a, 1b
and 1c.

The participant has consented to the submission of the case report to the journal.
Patients signed informed consent regarding publishing their data and photographs.
Sample statements if identifying information about participants is available in the article:

Additional informed consent was obtained from all individual participants for whom identifying information is included in this
article.

Authors are responsible for correctness of the statements provided in the manuscript. See also Authorship Principles. The
Editor-in-Chief reserves the right to reject submissions that do not meet the guidelines described in this section.

Images will be removed from publication if authors have not obtained informed consent or the paper may be removed and
replaced with a notice explaining the reason for removal.
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Research Data Policy

This journal operates a type 1 research data policy. The journal encourages authors, where possible and applicable, to deposit
data that support the findings of their research in a public repository. Authors and editors who do not have a preferred
repository should consult Springer Nature’s list of repositories and research data policy.

List of Repositories

Research Data Policy

General repositories - for all types of research data - such as figshare and Dryad may also be used.

Datasets that are assigned digital object identifiers (DOIs) by a data repository may be cited in the reference list. Data citations
should include the minimum information recommended by DataCite: authors, title, publisher (repository name), identifier.

DataCite

If the journal that you're submitting to uses double-blind peer review and you are providing reviewers with access to your data
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the data is also blinded. There are data repositories that can assist with this and/or will create a link to mask the authorship of

your data.

Authors who need help understanding our data sharing policies, help finding a suitable data repository, or help organising and
sharing research data can access our Author Support portal for additional guidance.
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After Acceptance

Upon acceptance, your article will be exported to Production to undergo typesetting. Once typesetting is complete, you will
receive a link asking you to confirm your affiliation, choose the publishing model for your article as well as arrange rights and
payment of any associated publication cost.

Once you have completed this, your article will be processed and you will receive the proofs.

Article publishing agreement

Depending on the ownership of the journal and its policies, you will either grant the Publisher an exclusive licence to publish the
article or will be asked to transfer copyright of the article to the Publisher.

Offprints

Offprints can be ordered by the corresponding author.

Color illustrations

Publication of color illustrations is free of charge.

Proof reading

The purpose of the proof is to check for typesetting or conversion errors and the completeness and accuracy of the text,
tables and figures. Substantial changes in content, e.g., new results, corrected values, title and authorship, are not allowed
without the approval of the Editor.

After online publication, further changes can only be made in the form of an Erratum, which will be hyperlinked to the article.

Online First

The article will be published online after receipt of the corrected proofs. This is the official first publication citable with the DOI.
After release of the printed version, the paper can also be cited by issue and page numbers.
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Open Choice

Open Choice allows you to publish open access in more than 1850 Springer Nature journals, making your research more visible
and accessible immediately on publication.

Article processing charges (APCs) vary by journal — view the full list



Benefits:

» Increased researcher engagement: Open Choice enables access by anyone with an internet connection, immediately on
publication.

o Higher visibility and impact: In Springer hybrid journals, OA articles are accessed 4 times more often on average, and cited
1.7 more times on average*.

e Easy compliance with funder and institutional mandates: Many funders require open access publishing, and some take
compliance into account when assessing future grant applications.

It is easy to find funding to support open access - please see our funding and support pages for more information.
*) Within the first three years of publication. Springer Nature hybrid journal OA impact analysis, 2018.
Open Choice

Funding and Support pages

Copyright and license term - CC BY

Open Choice articles do not require transfer of copyright as the copyright remains with the author. In opting for open access,
the author(s) agree to publish the article under the Creative Commons Attribution License.

Find more about the license agreement

Back to top ¢

Open access publishing

To find out more about publishing your work Open Access in Endocrine, including information on fees, funding and licenses,
visit our Open access publishing page.
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Anexo 3

Parecer da Comissé&o de Etica do
Centro Hospitalar Universitario de S&o Jodo / Faculdade de Medicina da Universidade do Porto

Titulo do Projeto: O papel da Doenga de Graves no desenvolvimento de patologia nodular e cancro da
tiroide

Nome do Investigador Principal: Dr. JoZo Sérgio de Lima Soares Neves

Onde decorre o Estudo: No Servigo de Endocrinologia do CHUSJ. Apresentou declaragéo do Prof. Doutor
Davide Carvalho.

Objetivos do Estudo:
Entender melhor o papel da Doen¢a de Graves no desenvolvimento de patologia nodular e cancro da

tiroide.

Concecao e Pertinéncia do estudo:

Estudo observacional retrospetivo.

Aprofundar a relagdo da Doenga de Graves no desenvolvimento de patologia nodular e cancro da tiroide
Estao definidos os critérios de inclusdo no estudo, bem como as varidveis clinicas a ser recolhidas.

O tamanho da amostra é de 540 participantes: doentes com autoanticorpos (TRAbs) contra o recetor da
tireotrofina (TSH-R) no CHUSJ entre 2017 e 2021.

Estudo realizado no ambito do Mestrado Integrado em Medicina da FMUP de Marta Cristina Nascimento
Soares, que faz parte da equipa de investigagao.

Beneficio/risco: Nao aplicavel
Confidencialidade dos dados:
Todos os dados recolhidos serdo codificados.
Apresentou um pedido de reutilizago de registos clinicos para Investigagéo e Desenvolvimento ao RAI, e
uma ‘avaliacé@o sobre o impacto da protecéo de dados' para o EPD.
Respeito pela liberdade e autonomia do sujeito de ensaio: Nao aplicavel
Curriculum do investigador: Adequado a investigagao.
Data previsivel da conclusdo do estudo: fevereiro de 2023
Conclusao: Proponho um parecer favoravel a realizagao do estudo.
Porto, 16 de setembro de 2022
O Relator da CE, Doytor Pedro Brito

M
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'0 do Projeto O papel da Doenga de Graves no desenvolvimento de patologia nodular e cancro da tirdide.

ENCARREGADO DE PROTECAO DE DADOS (EPD)
CENTRO HOSPITALAR UNIVERSITARIO DE S. JOAO, EPE
Paulo Alexandre Mota da Silva

Encarregado de Prote¢do de Dados do CHUS)

eod@chsj.min-saude.pt

Ref.2 CES CHUS): 204 / 2022

SAO JOAO

Responsével pelo tratamento|Jodo Sérgio de Lima Soares Neves
Instituicdo |Centro Hospitalar Universitario S3o Jodo (CHUSJ)
Faculdade de Medicina da Universidade do Porto (FMUP)
Investigador Externo
Contacto telefénico 914837245 Endereco Electrénico I u011761@chsj.min-saude.pt
Profissional de Ligagao|N&o aplicavel
Amostra|540

Anilise de Riscol Toleravel Elevado Muito Elevado

Parecer do EPD: Data: 03/10/2022

Finalidade: avaliar o impacto da Doenga de Graves no desenvolvimento de patologia nodular e cancro da tiréide

Licitude: fundamento previsto no artigo 9(2)(j), com as garantias do 89(1) do RGPD, e artigo 31(1) da LERGPD.

Categorias de dados pessoais: varidveis identificadas com detalhe na AIPD, datada de 29/09/2022, ponto 13, tendo presente o
principio da minimizagdo dos dados.

Conservacdo: os dados serdo alvo de pseudonimizagdo, armazenados em local seguro, em drea restrita com acesso limitado ao
Investigador Principal, com acesso a ficheiros protegido por palavra-passe, efetuando-se a conservagio até a conclusio da
investigacdo, que se estima ser até 30 de setembro de 2023. Os dados recolhidos serdo destruidos apos a finalizagdo do estudo.

Comunicacao de Dados: ndo ha partilha de dados pessoais.

Face ao exposto, e observadas as recomendag@es, entende-se que a presente AIPD apresenta os elementos necessérios para
gurar que o tr é realizado em conformidade com o RGPD.

Recomendagdes:

Garantir medidas de seguranca adicionais no transporte dos dados com recurso a dispositivos electronicos de armazenamento
" (Laptop, Disco Externo), nomeadamente através de medidas de cifragem e autenticag3o;

Em caso de necessidade de extensdo de prazo e/ou de qualquer alteragdo dos pressupostos atinentes ao presente parecer o
" Investigador Principal devera solicitar a reapreciacdo do projeto de investigagdo junto do EPD.

Revisdo AIPD:

D Data da préximarevisdo: ___ [/ / @ N3o carece de revisdo.

Anexos:

2
3
4

1. Processo CES n.2 204/2022

- Parecer CES (16/09/2022) intf”:ﬁfdg d;irﬁféd:gx%’rggis MOTA DA
ssina g

. AIPD (29/08/2022) SILVA L

. Protocolo de Investigagio Data: 2022.10.03 17:20:39+01'00"

Localizagdo: CHUS)
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