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Abstract:

In the latest 5th WHO's Classification of Tumors of Endocrine Organs, a new term was created
to identify those cases, at the time of pathological evaluation, which have a worse prognosis within
differentiated follicular cell-derived thyroid carcinomas (DFCDTC): Differentiated High Grade Thy-
roid Carcinoma (DHGTC). In our work, we aimed to evaluate its frequency and clinicopathological
features within a series of recurrent DFCDTC.

We gathered several clinicopathological characteristics of a retrospective cohort of 138 patients
with primarily resected thyroid cancer which recurred after total thyroidectomy and adjuvant radi-
oiodine therapy. We also reclassified them as DHGTC according to 5" WHO's criteria; compared
DHGTC to non-high grade differentiated follicular cell-derived thyroid carcinomas (non-HG-DTC)
and described the clinical behavior and pathological features of thyroid cancer with radioactive io-

dine refractoriness.

We found that DHGTC's prevalence is higher than what is described in studies without prior
clinical selection. In comparison to non-HG-DTC, DHGTC cases were significantly associated to
several adverse clinicopathological features: higher tumor size; tall-cell subtype of PTC; mitotic in-
dex >5; tumor necrosis; lymphovascular invasion; high AJCC 8th edition pT stage; distant metasta-
sis; lung metastasis; synchronous metastasis and persistence of disease at the end of follow-up. Fur-
thermore, the number of cases which developed RAIR (n=12 [8,7%]), despite low, is quite signifi-
cant, as the estimated incidence of these forms of cancer is of 4-5 cases/year/million people, and we
described their clinicopathological characteristics.

Our results strengthen the clinical usefulness of DHGTC classification by indicating patients
at a higher risk for progression and highlight the need for tight surveillance in these forms of cancer.

Keywords: Thyroid cancer; Differentiated High Grade Thyroid Carcinoma; radioactive iodine re-
fractoriness; prognosis
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1. Introduction

In the latest decades, our understanding has grown considerably regarding the ge-
netic landscape and biology of thyroid cancer (TC). This knowledge led to significant
changes in its histopathological classification, which profoundly influenced clinical prac-
tice.

Histologic classification of follicular cell-derived thyroid cancer has been made ac-
cording to tissue and cellular morphology, establishing a spectrum that goes from differ-
entiated follicular cell-derived thyroid carcinomas (DFCDTC) [papillary (PTC); follicular
(FTC) and oncocytic (OCA)], to the undifferentiated form, anaplastic carcinoma (ATC).

The last 4" and 5* editions of WHO'’s Classification of Tumors of Endocrine Organs
have brought groundbreaking changes, such as the recognition of low-risk tumors
(nonninvasive follicular thyroid neoplasm with papillary-like nuclear features [NIFTP])
and a new grading system for well-differentiated thyroid carcinoma.

The 5th edition of WHO's classification [1], uses evidence gathered in two defined
criteria- Memory Sloan Kettering Cancer Center’s (MSKCC) criteria and Turin consen-
sus’ criteria - to identify high-grade follicular cell-derived non-anaplastic thyroid carci-
noma (HGFCDTC). [2].

This way, two subgroups have been recognized: differentiated high-grade thyroid
carcinoma (DHGTC) and poorly differentiated thyroid carcinoma (PDTC), the former
being the most recent addition to the classification.

In fact, there was the clinical perception that, in the group of DFCDTC as a whole,
several discrepancies in prognosis exist. So, DHGTC’s introduction appeared as a sepa-
rate entity to identify those patients which, within DFCDTC, have bad prognosis, yet
better prognosis compared to PDTC and ATC through pathological evaluation [3]. Thus,
DHGTC is recognized as an intermediate category in terms of prognostic outcomes.

The initial management of patients diagnosed with thyroid cancer follows interna-
tional guidelines which highlight the patient’s biochemistry; ultrasound characteristics;
cytopathology; risk stratification, among others, that do not distinguish high-grade tu-
mors.

In fact, DHGTC and PDTC tumors can fit in different Bethesda categories [4] as
well as in separate American Thyroid Association’s (ATA) risk groups [5,6]. That can
result in more conservative approaches, such as tight follow-up or lobectomy with isth-
mectomy [7,8,9] in patients at a higher risk for progression. [8,9]

The patients submitted to total thyroidectomy and RAI are indicated for life-time
follow-up [8], and, during that period, recurrences can be documented. These recur-
rences can reflect genetic mutations and distortions of signaling pathways, which lead to
radioactive iodine refractoriness (RAIR). RAIR patients can be therapeutically ap-
proached with new and effective targeted therapies, such as tyrosine kinase inhibitors
(TKIs), sorafenib and lenvatinib, which act by inhibiting tumor growth and angiogenesis
[10]. Upcoming therapies are being tested, such as the MEK and BRAF inhibitor combi-
nation, dabrafenib plus trametinib, with the aim of inducing redifferentiation of the tu-
mors and response to further RAI treatments. [11]
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According to the recent European Thyroid Association (ETA) guidelines,the pro- 87
posed criteria to define RAI refractory disease are the following: (i) absence of RAI up- 88
take in all lesions on scintigraphy; (ii) absence of RAI uptake in some but not in all le- 89
sions; (iii) progression despite RAI uptake; (iv) having reached the maximum recom- 90
mended RAI activity [12]. 91

On the other hand, the most recently published recommendations by the American 92
and European Thyroid and Nuclear Medicine Societies combined define RAI refractori- 93
ness as: (i) no 1311 uptake on a diagnostic 1311 scan; (ii) no 1311 uptake on a 1311 scan 94

performed several days after 1311 therapy; (iii) 1311 uptake is present in some but not all 95
tumor foci; (iv) DTC metastasis(es) progress despite 1311 uptake; (v) DTC metastasis(es) 9

progress despite a cumulative 1311 activity of >22.2 GBq (600 mCi) [13]. 97
It has been shown that RAIR is more frequent in older patients, in patients with 98
large metastases, in PDTC, and in tumors with high 18-fluordeoxyglycose (18-F-FDG) 99
uptake on PET/CT. [14] 100
As DHGTC is such a recent addition to thyroid tumor’s classification, studies of 101
radioactive iodine refractory DHGTC have yet to be done. As these tumors display 102
poorer prognosis in comparison to non-high-grade differentiated thyroid carcinoma 103
(non-HG-DTC) [3], we hypothesize that a substantial part might develop RAIR and the 104
rate at which that happens is yet to be defined. 105
In this study we gathered a retrospective cohort of 138 patients with resected thy- 106
roid cancer which recurred after total thyroidectomy and adjuvant RAI, of which a sig- 107
nificant proportion developed RAIR. The tumor series was reclassified according to the 108
5t edition of WHO's criteria and several clinicopathological characteristics were col- 109
lected. 110
The aims of the study were: (i) to describe the clinical behavior and pathological 111
features of the cohort; (ii) evaluate the frequency of DHGTC and its clinical behavior in 112
this series; (iii) evaluate the clinicopathological differences between DHGTC and non- 113
HG-DTC and (iv) describe the clinical behavior and pathological features of cases with 114
RAIR. 115
2. Materials and Methods 116
2.1. Tumor samples and data collection 117
Our study included a series of 138 formalin-fixed, paraffin embedded resection 118
samples of human thyroid tissue from patients followed in Centro Hospitalar e Univer- 119
sitario de Coimbra, kept at the biobank of the Institute of Molecular Pathology and Im- 120
munology of the University of Porto. The samples of the patients were collected upon 121
written informed consent of the patients, or their guardians, in the case of minors. 122

The clinicopathological data was collected from clinical records, with the approval 123
of the Ethic Committee of the Faculty of Medicine of the University of Coimbra (n° 1309) 124
and all the procedures described in this study were done in accordance with national 125
ethical standards (Law n° 12/2005) and Helsinki declaration. 126

All the information was analyzed and stored according to local legal requirements, 127
ensuring data protection. 128

2.1. Characteristics of the cohort and clinicopathological review 129
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The patients were diagnosed between 1971 and 2010 with thyroid cancer and un-
derwent total thyroidectomy and adjuvant therapy with radioactive iodine (1311I) as an
initial approach.

During the follow-up of the patients, radiological and/or biochemical recurrences
were detected despite the adjuvant treatment, which often led to additional therapies
being applied.

The histology of tumor samples was reviewed by a pathologist (SC), who updated
the classification to match the 5t edition of WHQO'’s classification, blinded to the clinical
outcome to confirm the diagnosis.

In particular, DHGTC was classified according to the following criteria: mitotic
count 25/2 mm? [6 HPFs in the microscope used- fields of 0,34 mm?] and/or tumor necro-
sis. The mitotic count was determined within the most mitotically active area (the so-
called ‘hotspot’).
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Figure 1. Selection of readily identifiable mitoses (arrows): in high grade papillary thyroid carci-
noma, tall cell subtype (A) and high grade papillary thyroid carcinoma, solid subtype (B,C,D)- 400x
amplification

Only true tumor necrosis was considered, as suggested by WHO’s 5t edition, de-
fined as the presence of clusters and sheets of ghost contours of dead tumor cells with
karyorrhectic debris.

Data from genetic characterization of the tumors was obtained in previous works of
the group which included part of the cases included in this series. [References 15 and 16
contain technical details.]
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2.3. Clinical outcome and statistical analysis 154

Follow-up data was available for 133 patients. The outcomes collected included 155
disease-free survival (DFS), disease specific survival (DSS) and persistence of disease at 156
the end of follow-up. The follow-up was calculated from the date of primary resection. 157

DFS was defined as the time from primary resection to cancer recurrence, DSS as 158
the time from primary resection to death due to thyroid cancer and persistence of dis- 159
ease was documented as proven structural disease. 160

All statistical analyses were performed with SPSS 29.0 (IBM Corporation, Armonk, 161

NY, USA). Comparisons of clinicopathological features between subgroups were per- 162
formed with the chi-square test or Fisher’s exact test for categorical variables, and with 163
Mann-Whitney U test for continuous variables. Univariate survival analysis was per- 164
formed with the log rank test for categorical variables and with the Cox proportional 165
hazards model for continuous variables. Factors that were significant in univariate anal- 166
ysis were subsequently subjected to multivariate analysis with the Cox proportional haz- 167
ards model. P-values of <0,05 were considered to be statistically significant. 168
3. Results 169
3.1. Clinicopathological and genetic characteristics of the entire cohort 170

The clinical and pathological features of the entire cohort are summarized in Table 171

1. 172

The median age was 45 years (range, 13-81 years). There was a female 173
predominance, with a female/male ratio of 3:1. The median tumor size was 2,65 cm 174
(range, 0,5-9 cm). 175

In terms of diagnosis, 32 cases (23,2%) presented as HGFCDTC, of which 22 (15,9%) 176

were diagnosed as DHGTC and 10 (7,2%) as PDTC. 177
Within the DHGTC cases, the most common subtypes were: tall-cell subtype of 178
PTC (37,5%); classical subtype of PTC (22,7%) and infiltrative follicular subtype of PTC 179
(13,6%). 180
Among the 106 non-HG-DTC cases (76,8%), the most common subtypes were: 181
classical subtype of PTC (33%); infiltrative follicular subtype of PTC (22,6%); invasive 182
encapsulated follicular subtype of PTC (8,5%) and oncocytic subtype of PTC (8,5%). 183
Regarding the mitotic index, 27 patients (19,6%) had a mitotic index of over 5/2 184
mm?, of which 22 (81,5%) were diagnosed as DHGTC and 5 (18,5%) as PDTC . 185
Ten (7,6%) of the tumors present necrosis, 4 (40%) DHGTC cases and 6 (60%) 186
PDTC. 187
With regard to capsule status, 80 cases (65%) were infiltrative and 43 (35%) 188
invasive. Thirty-two cases (26%) were partially encapsulated; 108 (94,7%) had capsular 189
invasion; 41 (33,9%) lymphovascular invasion and 49 (38,0%) microscopic extrathyroidal = 190
extension, more often to fibroadipose tissue (31,8%). 191

Concerning the AJCC 8th pT and pN staging of these tumors, 72 (57,1%) were high 192
stage (T3/T4) and 43 (31,2%) presented with nodal metastasis (N1a/N1b). 193
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Almost half of the tumors (48%) had the BRAF V600E mutation, and a significant 194

proportion (14,8%) presented TERT promoter mutations. One case documented the 195
Q61R mutation in NRAS. 196
DHGTC cases, as compared with non-HG-DTC patients, were significantly 197
associated with the age ranges of <18 and >55 years old; higher tumor size, on average 198
and in the range of >2 cm; tall-cell subtype of PTC; mitotic index =5; tumor necrosis; 199
lymphovascular invasion; presence of distant metastasis; lung metastasis; synchronous 200
metastasis; high AJCC 8th edition pT stage; submission to additional therapies; 201
treatment with TKI; more administrations of additional RAI; higher median cumulative 202
dose of RAI and persistence of disease at the end of follow-up, (P < 0.05; Table 1). 203
Table 1. Clinicopathologic characteristics of 138 patients with primarily resected recurrent thyroid cancer. 204
All [n=138] DHGTC [n=22] Non-HG-DTC P value
[n=106]

Clinicopathological parameters
Age (years) [n=137]

Median (range) 45 (13-81) 48 (13-81) 44,5 (17-74) NS
<18 4 (3,1%) 3 (13,6%) 1(0,9%) 0,016
18-55 86 (62,3%) 8 (38,1%) 77 (72,6%) <0,001
>55 47 (34,1%) 10 (47,6%) 28 (26,4%) <0,001
Sex

Female 108 (78,3%) 16 (72,7%) 86 (81,1%) NS
Male 30 (21,7%) 6 (27,3%) 20 (18,9%)

Documented metastasis 85 (61,6%) 16 (72,7%) 62 (58,5%) NS
Distant metastasis 36 (26,1%) 10 (45,5%) 19 (17,9%) 0,008
Types of distant metastasis

Bone 13 (9,4%) 3 (13,6%) 8 (7,5%) NS
Lung 26 (18,8%) 8 (36,3%) 12 (11,3%) 0,015
Brain 2 (1,4%) 1(4,5%) 0 (0%) NS
Kidney 1(0,7%) 1 (4,5%) 0 (0%) NS
Lymph node metastasis 67 (49,6%) 12 (60%) 52 (49,5%) NS
[n=135]

Synchronous metastasis 27 (21,3%) 6 (35,3%) 14 (14%) 0,042
[n=127]

Tumour size (cms) [n=125]

Median (range) 2,65 (0,5-9) 3,51 (0,8-8) 2,3 (0,5-9) 0,002
<2 cm 67 (56,3%) 5(22,7%) 62 (58,5%)

>2 cm 61 (47,7%) 17 (77,3%) 44 (41,5%)

Main diagnosis

Classical subtype of PTC 40 (29%) 5(22,7%) 35 (33%) NS
Hobnail subtype of PTC 6 (4,3%) 1 (4,5%) 5 (4,7%) NS
Invasive encapsulated 9 (6,5%) 0 (0%) 9 (8,5%) NS

follicular subtype of PTC
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Infiltrative follicular subtype of 27 (19,6%) 3 (13,6%) 24 (22,6%) NS
PTC

Oncocytic subtype of PTC 9 (6,5%) 0 (0%) 9 (8,5%) NS
Solid subtype of PTC 6 (4,3%) 2 (9,1%) 4 (3,8%) NS
Tall-cell subtype of PTC 17 (12,3) 9 (37,5%) 8 (7,5%) <0,001
Warthin-like subtype of PTC 7 (5,1%) 0 (0%) 7 (6,6%) NS
Oncocytic carcinoma of the 2 (1,4%) 1(4,5%) 1(0,9%) NS
thyroid

Follicular thyroid carcinoma 5 (3,6%) 1(4,5%) 4 (3,8%) NS
Poorly differentiated thyroid 10 (7,2%) NA NA NA
carcinoma

Mitotic index (per 2 mm?)

Median (range) 2 (0-8) 6 (5-8) 1 (0-4) <0,001
<5 111 (80,4%) 0 (0%) 106 (100%) <0,001
>5 27 (19,6%) 22 (100%) 0 (0%)

Tumor necrosis [n=132]

Present 10 (7,6%) 4 (19%) 0 (0%) <0,001
Absent 122 (92,4%) 17 (81%) 102 (100%)

Encapsulation [n=123]

Encapsulated 91 (74%) 11 (64,7%) 73 (75,3%) NS
Partially encapsulated 32 (26%) 6 (35,3%) 24 (24,7%)

Capsular invasion [n=114]

Present 108 (94,7%) 16 (100%) 83 (93,3%) NS
Absent 6 (5,3%) 0 (0%) 6 (6,7%)

Lymphovascular invasion [n=121]

Present 41 (33,9%) 9 (50%) 25 (26,6%) 0,039
Absent 80 (66,1%) 9 (50%) 69 (73,4%)

Microscopic extrathyroidal extension [n=132]

Present 52 (39,4%) 8 (38,1%) 42 (41,2%) NS
Fibroadipose tissue 48 (36,3%) 7 (31,8%) 39 (36,8%) NS
Skeletal muscle 7 (5,3%) 1 (5%) 6 (5,7%) NS
Other organs 1 (0,8%) 0 (0%) 1 (0,9%) NS
Capsule status [n=123]

Infiltrative 80 (65%) 9 (52,9%) 69 (71,1%) NS
Invasive 43 (35%) 8 (47,1%) 28 (28,9%)

AJCC 8t pT stage [n=126]

pT1/T2 54 (42,9%) 3 (15%) 50 (51%) 0,003
pT3/T4 72 (57,1%) 17 (85%) 48 (49%)

AJCC 8t pN stage

PNO/Nx 95 (73%) 16 (72,7%) 77 (72,6%) NS
pN1a/N1b 43 (31,2%) 6 (27,3%) 37 (27,4%)

Molecular alterations
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BRAF V600E mutated [n=123] 64 (48%) 9 (52,9%) 50 (51,5%) NS
NRAS Q61R mutated [n=91] 1(1,1%) 0 (0%) 1(1,4%) NS
TERT  promoter mutated 16 (14,8%) 5 (29,4%) 9 (11%) NS
[n=108]

-124G>A mutation 10 (9,3%) 4 (23,5%) 6 (7,3%)

-146G>A mutation 6 (5,6%) 1(5,9%) 3 (3,7%)

Follow-up and treatments [n=133]

Deaths due to disease 17 (12,8%) 3 (13,6%) 11 (10,4%) NS
Median follow-up time in years 6,54 (0,28-38,3) 4,34 (0,67-29,9) 6,57 (0,28-38,3) NS
(range) [n=117]

Median time until the first 16 (1-313) 26,4 (0,83-312,8) 15,8 (0,07-93,2) NS
recurrence in months (range)

Outcome at last observation

Death due to disease 17 (12,3%) 3 (13,6%) 11 (10,4%) NS
Alive with disease 48 (34,8%) 13 (59,1%) 31 (29,2%) 0,006
Alive without disease 81 (58,7%) 6 (27,3%) 71 (67%) <0,001
Development of radioactive 12 (8,7%) 3 (13,6%) 5 (4,7%) NS
iodine refractoriness

Number of recurrences [n=117]

1 62 (53%) 11 (64,7%) 45 (50%) NS

2 55 (47%) 6 (35,3%) 45 (50%)

Additional therapies [n=134]

Yes 66 (52,8%) 12 (75%) 48 (48,5%) 0,043
Radioactive iodine therapy 63 (47%) 13 (68,4%) 44 (41,9%) NS
(RAI)

Radiation therapy 2 (1,6%) 1(6,3%) 1 (1%) NS
Tyrosine kinase inhibitors 2 (1,6%) 2 (12,5%) 0 (0%) 0,018
Surgery 35 (28%) 7 (43,8%) 22 (22,2%) NS
Number of additional RAI administrations [n=134]

0 71 (53%) 6 (31,6%) 61 (58,1%) 0,030
1 or more 63 (45,7) 13 (68,4%) 44 (41,9%)

Median cumulative dose of 141 (30- 366 (70-732) 127 (30-1146) 0,037
RAI in millicuries [mCi] 34739,1)

(range)

3.2. Outcomes and prognostic factors of the entire cohort

Documented metastasis was frequent, observed in 85 patients (61,6%), and 36 of
them (42,3%) had distant metastasis. The most common sites of distant metastases were
lung (n=26) and bone (n=13).

Lymph node metastasis was present in 67 cases (49,6%) and 27 (21,3%) had synchro-
nous metastasis (defined as metastasis identified within 6 months after the diagnosis of
the primary cancer [17]).
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Seventeen (12,8%) patients died due to disease during follow-up, of which 4 (23,5%)
were PDTC, 3 DHGTC (17,6%) and 11 (64,7%) non-HG-DTC. All the patients who died
due to disease had documented metastasis; capsular invasion; AJCC pathological N1
stage and absence of NRAS mutations.

The results of univariate survival analysis on DSS and DFS are shown in Table 2, and
selected Kaplan-Meier curves are shown in Figure 2.

Additional Kaplan—-Meier curves for DSS and DFS are shown in Figure S1.

Follow-up data was available for 133 patients, with a median follow-up of 6,54 years
(range, 0,28-38,30 years).

The overall 3-year; 5-year, 10-year and 20-year DSS rates in the whole series were:
98%; 98%; 96% and 93%. However, in the DHGTC population, these rates were the fol-
lowing: 91%; 91%; 86%; 86%.

No prognostic significance was found on univariate survival analysis of DFS and
DSS within the following parameters: initial dose of RAI (as a continuous variable); treat-
ment with TKT; size (as a continuous variable); mitosis (as a continuous variable <5/2 mm?2
vs 25/2 mm?); necrosis; capsular invasion; lymphovascular invasion; AJCC 8th pT stage
(T1/T2 versus T3/T4); capsule status (infiltrative vs invasive); BRAF mutations; TERT pro-
moter mutations and RAS mutations; age (categorical and as a continuous variable); sex;
DHGTC vs non-HG-DTC classification; treatment with radiotherapy;; documented me-
tastasis; lymph node metastasis; encapsulation; AJCC 8th pN stage (NO/Nx versus
N1a/N1b).

Prognostic factors identified on univariate analysis as impacting DFS were higher
cumulative dose of RAI and microscopic ETE. Worse DSS was associated with tumor size
>2 cm; presence of distant metastasis and absence of synchronous metastasis.

The results of multivariate survival analysis with the Cox proportional hazards
model are shown in Table 3.

Independent prognostic factors for worse DFS were higher cumulative dose of RAI
[P<0,001, HR=1,003, 95% CI (1,002-1,005)]; and microscopic ETE [P=0,007, HR=2,379, 95%
CI (1,270-4,454)]. There were no significant independent prognostic factors for worse DSS.

Postoperative treatments such as radiotherapy and additional RAI administrations/
higher dosage were associated with decreased survival, owing to the selection bias of pa-
tients with aggressive disease receiving additional therapy.

Table 2. Univariate survival analysis for disease-free survival (DFS), and disease specific survival (DSS) in recurrent thyroid cancer

Clinical parameters DFS DSS
Cumulative dose of RAI (as a continuous variable) <0,001 NS
Size (in 3 categories) NS 0,024
Distant metastasis NS 0,005
Synchronous metastasis NS 0,008
Microscopic ETE 0,014 NS

Table 3. Multivariate survival analysis using Cox proportional hazards model in recurrent thyroid cancer
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DFS P value Hazard ratio (95% CI)
Cumulative dose of RAI (as a continuous variable) <0,001 1,003 (1,002-1,005)
Microscopic ETE 0,007 2,379 (1,270-4,454)
DSS P value Hazard ratio (95% CI)
Size (>2 cms) 0,185 4,399 (0,491-39,411)
Size (£2 cm) 0,185 0,227 (0,025-2,037)
Distant metastasis 0,701 2,755 (0,016-483,456)
Synchronous metastasis 0,513 5,677 (0,031-1033,097)

Survival Functions

Distant
metastasis

Present
— T Absent

o P=0,005

Cumulative Disease Specific Survival

[] 1000 2000 3000 4000 5000 6000
Follow-up period (days)
Survival Functions
Size

<=2ctm

124 cm

>=4 cm
08

08

04

02 P=0,024

Cumulative Disease Specific Survival

0o

0 1000 2000 3000 4000 5000 6000

Follow-up period (days)

Cumulative Disease Free Survival

Cumulative Disease Specific Survival

08

Survival Functions

Extrathyroidal
1 extension
Present
— ) Absent
) Present-censored
A Absent-censored
|
‘ P=0,014
0 1000 2000 3000 4000 5000
Follow-up period (days)
Survival Functions
Synchronous
metastasis
Present
— Absent
P=0,008

0 1000

2000 3000 4000 5000 6000

Follow-up period (days)

Figure 2. Selected Kaplan—-Meier curves for DFS and DSS in recurrent thyroid cancer

3.3. Clinicopathological features, outcomes and prognostic factors of patients with DHGTC

Patients with DHGTC have a significantly higher proportion of cases which devel-
oped distant metastasis (45,5%) and synchronous metastasis (35,3%), in comparison to
non-HG-DTC. All the DHGTC cases had capsular invasion and did not harbor NRAS mu-

tations.

Additionally, the deadly cases were all 255 years old; were not submitted to therapy
with TKI; had documented metastasis; lymph node metastasis; AJCC pathological T3/T4

stage and did not have TERT promoter mutations.

The results of univariate survival analysis on DFS and DSS within the DHGTC sub-
group are shown in Table 4. Kaplan—Meier curves for DFS and DSS are shown in Figure
52 and the results of multivariate survival analysis with the Cox proportional hazards

model are shown in Table 5.
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No prognostic significance was found on univariate survival analysis of the follow-
ing parameters: age (categorical); age (as a continuous variable); sex; initial dose of RAI
(as a continuous variable); treatment with radiotherapy; treatment with TKI; cumulative
dose of RAI (as a continuous variable); size (categorical); size (as a continuous variable);
mitosis (as a continuous variable); documented metastasis; distant metastasis; lymph
node metastasis; synchronous metastasis; necrosis; encapsulation; capsular invasion; lym-
phovascular invasion; AJCC 8th pT stage (T1/T2 versus T3/T4); AJCC 8th pN (NO/Nx ver-
sus N1a/N1b); BRAF mutations; TERT promoter mutations and RAS mutations.

Prognostic factors identified on univariate analysis as disclosing worse DFES in
DHGTC cases were microscopic ETE and infiltrative capsule status, but in multivariate
analysis no significant independent prognostic factors for worse DFS were found.

Table 4. Univariate survival analysis for disease-free survival (DFS), and disease specific survival (DSS) in recurrent DHGTC

Pathological parameters DFS DSS
Microscopic ETE 0,012 NS
Capsule status (infiltrative vs invasive) 0,046 NS

Table 5. Multivariate survival analysis using Cox proportional hazards model in recurrent DHGTC

DEFS P value Hazard ratio (95% CI)
Microscopic ETE 0,184 6,506 (0,411-103,063)
Capsule status 0,619 1,357 (0,407-4,519)

3.4. Clinicopathological features and outcomes of patients with RAIR

The clinical and pathological features of the 12 cases with RAIR (8,7%) are summa-
rized in Table S1.

The median age was 47,5 years (range, 15-74 years). There was a female predomi-
nance, with a female/male ratio of 5:1. The median tumor size was 2,5 cm (range, 1,5-8
cm). The most frequent diagnosis was PDTC, with 4 cases (33,3%), followed by classical
and infiltrative follicular subtype of PTC, with 2 cases each (16,7%). The remaining diag-
nostics were: oncocytic subtype of PTC; warthin-like subtype of PTC, oncocytic carci-
noma of the thyroid; and follicular thyroid carcinoma, with 1 case (8,3%) each.

Regarding the mitotic index, 6 cases (50%) displayed a mitotic index of over 5/2
mm?, of which 3 (50%) were PDTC and the remaining 3 (50%) DHGTC. Tumor necrosis
was present in 2 of these cases (16,7%), corresponding to PDTC. Two cases (18,2%) were
partially encapsulated; all of them had capsular invasion; 8 (72,7%) presented with lym-
phovascular invasion; 7 (63,6%) had microscopic extrathyroidal extension, more often to
fibroadipose tissue (85,7%); 8 (72,7%) had infiltrative and 3 (27,3%) invasive capsule sta-
tus; 8 (72,7%) presented with high AJCC 8th pT stage (T3/T4); 4 (33,3%) had pN1a/N1b
AJCC 8th pN stage; 6 (54,4%) presented with the BRAF V600E mutation and 4 (33,3%)
with TERT promoter mutations, of which 2 had the -124G>A mutation and the remain-
ing the -146G>A mutation.

Within the 12 cases with RAIR, all of them presented with distant metastasis, more
often to the lungs (75%), but also to bone (33,3%), brain (8,3%) and kidney (8,3%). Seven
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(58,7%) had lymph node metastasis and 10 (83,3%) synchronous metastasis. Eleven pa- 295
tients (91,7%) had persistence of disease at the end of follow-up, of which 3 (27,2%) died 29
due to disease. 297

There were no statistically significant differences in the clinicopathological features 298
between the DHGTC and non-HG-DTC subgroups within the RAIR population. 299

Within the DHGTC-RAIR subgroup (n=3), the diagnostics were classical subtype 300
of PTC (33,3%); infiltrative follicular subtype of PTC (33,3%) and oncocytic carcinoma of 301
the thyroid (33,3%). 302

4. Discussion 303

The 5t WHO classification of thyroid tumors includes a new entity that is DHGTC, 304

however the clinical characterization of that entity remains largely unknown. 305

We evaluated DHGTC in the setting of recurrent thyroid cancer, in a retrospective 306
study composed by a large selection of these cases (the reported prevalence of recur- 307
rence is around 5% in PTC [18]). 308

We found that the prevalence of DHGTC in a series of recurrent thyroid cancer is 309
higher than what is described in studies without prior clinical selection (17,2% vs 7,2%) 310
[19]. 311

Curiously, the same is not true in relation to PDTC. Its prevalence (7,2%) is within 312
the reported prevalence of 2-15% [20] in unselected series. This result suggests that 313
DHGTC category encloses cases that might have a higher tendency to recur, recognizing 314
DHGTC as an intermediate category in terms of prognostic outcomes. 315

The most frequent subtypes of PTC in the whole series are classical and infiltrative 316

follicular PTC, which don’t necessarily correspond to the subtypes considered to be ag- 317
gressive [22, 23]. Within the DHGTC population, nonetheless, the most frequent subtype 318
is tall-cell, which is indeed shown to be aggressive, coherent with these tumors” poorer 319
prognosis [3]. 320

We also addressed adverse prognostic clinicopathological factors for the outcome 321
of the patients (DFS and DSS) in the whole series. Several clinicopathological factors 322
were found to be adverse in univariate analysis: higher cumulative dose of RAI (for 323
DES); microscopic ETE (for DFS); tumor size >2 cm (for DSS); presence of distant metas- 324
tasis (for DSS) and absence of synchronous metastasis (for DSS). 325

In the subsequent multivariate analysis only microscopic ETE (for DFS) and higher 326

cumulative dose of RAI (for DFS) remain significantly associated to higher risk of recur- 327
rence. 328

The impact of microscopic ETE in the patients” outcome is intriguing. Microscopic 329
ETE was recently excluded from the AJCC’s 8th edition TNM staging [24], since it re- 330
sulted in a stage upgrade in numerous patients with low grade tumors. We must stress 331
that we are evaluating a series of recurrent tumors and these findings should be verified 332
in more representative series. 333

We didn’t identify factors independently associated with worse DSS, but that could 334
be because we had a limited sample size (n=17), as even recurrent thyroid cancer rarely 335
leads to death, despite often leading to persistent disease. Low numbers in the analysis 336
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of subgroups and interactions between factors often lead to lack of significance in multi- 337
variate analysis, a reality which is difficult to avoid. 338

All the patients who died due to disease had documented distant metastasis; cap- 339
sular invasion; AJCC pathological N1 stage and absence of NRAS mutations, discoveries 340
that support the adverse prognostic value of all the parameters, except the absence of 341
NRAS mutations, which could be found at various steps of tumorigenesis leading to thy- 342
roid cancer [21]. 343

In the evaluation of DHGTC group we verified that recurrent DHGTC is more fre- 344
quent in older ages (=55 years) and younger ages (<18 years), in comparison to non-HG- 345
DTC, which justifies the 8th Edition of AJCC’s change in the age cutoff for risk stratifica- 346
tion of DTC from 45 to 55 years old. Our results also highlight the higher prevalence of 347
DHGTC in the pediatric group. Pediatric patients are not considered in the 8th Edition 348

of AJCC’s risk stratification system, due to the fact that more often than not, pediatric 349
tumors behave favorably. In our series, one of these patients developed RAIR. We sug- 350
gest more studies should be done to evaluate pediatric thyroid cancer patients, despite 351
their rarity, as we found cases with marked aggressivity. 352

DHGTC cases were also significantly associated with distant metastasis; lung me- 353
tastasis; synchronous metastasis; higher tumor size, on average and in the range of >2 354
cm; lymphovascular invasion; high AJCC 8th edition pT stage and persistence of disease 355
at the end of follow-up. All the DHGTC cases had capsular invasion, a finding which 356
also verifies the adverse prognostic value of that parameter. These observations indicate 357
these patients’ higher risk for progression and strengthen the DHGTC classification, 358

highlighting the need for tight surveillance in these forms of cancer. Of note, within the 359
comparison between DHGTC and non-HG-DTC, the two cases with brain or kidney dis- 360
tant metastasis were classified as DHGTC. 361

In accordance with their increased aggressiveness, patients with DHGTC were sub- 362

mitted to more additional therapies, more administrations of additional RAI and, conse- 363
quently, a higher cumulative dose of RAIL This indicates that these patients are more 364
resistant to conventional therapies, and have a higher risk to develop other features, 365
such as distant metastasis during follow-up. It's worth mentioning that only two 366
DHGTC cases were indicated for treatment with TKI, and perhaps if poor prognosis fea- 367
tures were found earlier, more could benefit from that. 368

We think that DHGTC classification would contribute to the recognition of these 369
tumors right after the first surgery, so they are indicated for earlier and more effective 370
treatments, leading to better outcomes. 371

In the univariate survival analysis restricted to DHGTC, microscopic ETE and infil- 372

trative capsule status were adverse factors in DFS, but in the subsequent multivariate 373
analysis, no independent adverse clinicopathological factors were found. 374

All the DHGTC cases who died due to disease were categorized as over 55 years 375
old; weren’t submitted to therapy with TKI; had documented metastasis; lymph node 376
metastasis; AJCC pathological T3/T4 stage and didn’t have TERT promoter mutations. 377
This also validates the adverse prognostic factors forementioned, except for the absence 378
of TERT promoter mutations, a genetic alteration that is associated with progressive tu- 379
mors [25]. The fact that none of the deadly DHGTC cases was submitted to therapy with 380
TKI could be because the recurrences were found so late that they progressed to be un- 381

treatable. We cannot exclude the possibility that these therapies have not yet been avail- 382
able, since our study includes cases diagnosed over the last few decades. 383
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The number of cases that developed RAIR (n=12), despite low, is quite significant, 384

as the estimated incidence of these forms of cancer is of 4-5 cases/year/million people 385
[14]. The most frequent diagnosis in RAIR thyroid cancer is PDTC, coherent with these 386
tumors documented poor prognosis. All the RAIR cases present distant metastasis, and 387
they represent some of the most aggressive forms in our series (with brain and kidney 388
metastases). They also often display other adverse clinicopathological features (capsular 389
invasion; lymphovascular invasion; microscopic extrathyroidal extension; infiltrative 390
and invasive capsule status; high AJCC pT stage; BRAF V600E mutations; TERT pro- 391
moter mutations, lymph node metastasis; synchronous metastasis; etc). We could not 392
perform survival analysis or compare DHGTC-RAIR to non-HG-DTC- RAIR cases, as 393
the figures were too low for statistical analysis. More studies should be done to properly = 394
classify RAIR cases and define their real incidence, as right now it is only estimated, be- 395
cause the criteria to define RAIR thyroid cancer are not fully established. 396
5. Conclusions 397

In summary, this retrospective study assessed the clinicopathological features and 398
outcomes of a series of recurrent thyroid cancer in light of the reclassification as 399
DHGTC. 400

We found that the DHGTC fulfilling the 5 WHO criteria revealed to be more ag- 401
gressive since DHGTC cases were significantly associated to several adverse clinico- 402
pathological parameters, such as higher tumor size, presence of distant metastasis, syn- 403
chronous metastasis, microscopic ETE, tall-cell subtype of PTC, lymphovascular inva- 404
sion, high AJCC 8th edition pT stage, persistence of disease at the end of follow-up, 405
among others. 406

This is of value because it can assist in clinical decision making, namely in patients’ 407

selection to be submitted to more aggressive therapies in order to prevent recurrences, 408
use of targeted therapies or suggest recommendations of tighter follow-up intervals in 409
patients diagnosed with DHGTC. 410

Supplementary Materials: The following supporting information can be downloaded at: 411
www.mdpi.com/xxx/s1, Table S1: Clinicopathologic characteristics of 138 patients with primarily = 412
resected RAIR thyroid cancer; Figure S1: Kaplan-Meier curves for DSS and DFS in the whole pop- 413
ulation; Figure S2: Kaplan—-Meier curves for DFS and DSS within the DHGTC subgroup 414
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Supplementary materials:

Table S1. Clinicopathologic characteristics of 138 patients with primarily resected RAIR thyroid cancer

All [n=12] DHGTC [n=3] Non-HG-DTC [n=5]
Clinicopathological parameters
Age (years)
Median (range) 47,5 (15-74) 44 (15-45) 63 (44-74)
<18 1(8,3%) 1 (33,3%) 0 (0%)
18-55 7 (58,3%) 2 (66,7%) 2 (40%
>55 4 (33,3%) 0 (0%) 3 (60%)
Sex
Female 10 (83,%) 3 (100%) 4 (80%)
Male 2 (16,7%) 0 (0%) 1 (20%)
Documented metastasis 12 (100%) 3 (100%) 5 (100%)
Distant metastasis 12 (100%) 3 (100%) 5 (100%)
Types of distant metastasis
Bone 4 (33,3%) 0 (0%) 3 (60%)
Lung 9 (75%) 1(33,3%) 1 (20%)
Brain 1(8,3%) 1(33,3%) 0 (0%)
Kidney 1(8,3%) 1(33,3%) 0 (0%)
Lymph node metastasis 7 (58,3%) 1 (33,3%) 4 (80%)
Synchronous metastasis 10 (83,3%) 3 (100%) 3 (60%)

Tumor size (cms) [n=9]

Median (range) 2,5(1,5-8) 3,25 (2,5-4) 2,00 (1,5-2,8)
<2 cm 3 (25%) 0 (0%) 3 (60%)
>2 cm 6 (75%) 3 (100%) 2 (40%)
Main diagnosis

Classical subtype of PTC 2 (16,7%) 1 (33,3%) 1 (20%)
Infiltrative follicular subtype of PTC 2 (16,7%) 1 (33,3%) 1 (20%)
Oncocytic subtype of PTC 1(8,3%) 0 (0%) 1 (20%)
Warthin-like subtype of PTC 1(8,3%) 0 (0%) 1 (20%)
Oncocytic carcinoma of the thyroid 1(8,3%) 1 (33,3%) 0 (0%)
Follicular thyroid carcinoma 1(8,3%) 0 (0%) 1 (20%)
Poorly differentiated thyroid carcinoma 4 (33,3%) NA NA
Mitotic index (per 2 mm?)

Median (range) 4,5 (1-8) 6 (5-6) 2 (1-3)
<5 6 (50%) 0 (0%) 5 (100%)
25 6 (50%) 3 (100%) 0 (0%)
Tumor necrosis [n=11]

Present 2 (16,7%) 0 (0%) 0 (0%)
Absent 9 (81,8%) 3 (100%) 5 (100%)

536
537
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Encapsulation [n=11]

Encapsulated 9 (81,8%) 3 (100%) 4 (80%)
Partially encapsulated 2 (18,2%) 0 (0%) 1 (20%)
Capsular invasion [n=11]

Present 11 (100%) 3 (100%) 5 (100%)
Lymphovascular invasion [n=11]

Present 8 (72,7%) 3 (100%) 2 (40%)
Absent 3(27,3) 0 (0%) 3 (60%)
Microscopic extrathyroidal extension [n=11]

Present 7 (63,6%) 2 (66,7%) 3 (60%)
Fibroadipose tissue 6 (54,5%) 2 (66,7%) 3 (60%)
Skeletal muscle 1(9,1%) 1 (33,3%) 1 (20%)
Unspecified 1(9,1%) NA NA
Capsule status [n=11]

Infiltrative 8 (72,7%) 2 (66,7%) 4 (80%)
Invasive 3 (27,3%) 1(33,3%) 1 (20%)
AJCC 8t pT stage [n=11]

pT1/T2 3 (27,3%) 0 (0%) 2 (40%)
pT3/T4 8 (72,7%) 3 (100%) 3 (60%)
AJCC 8t pN stage

PNO/Nx 8 (66,7%) 3 (100%) 3 (60%)
pN1a/N1b 4 (33,3%) 0 (0%) 2 (40%)
Molecular alterations

BRAF V600E mutated [n=11] 6 (54,5%) 0 (0%) 3 (60%)
NRAS Q61R mutated [n=11] 0 (0%) 0 (0%) 0 (0%)
TERT promoter mutated 4 (33,3%) 2 (66,7%) 1 (20%)
-124G>A mutation 2 (16,7%) 1 (33,3%) 1 (20%)
-146G>A mutation 2 (16,7%) 1 (33,3%) 0 (0%)

Follow-up and treatments

Median follow-up time in years (range)

Median time until the first recurrence in

months (range)

10 (2,60-22,7)
10,2 (0,83-88,9)

3,53 (2,60-22,7)
9,3 (0,83-43,5)

9,97 (6,35-12,76)
9,10 (7,37-21-60)

Outcome at last observation

Death due to disease 3 (25%) 0 (0%) 2 (40%)
Alive with disease 8 (66,7%) 3 (100%) 2 (40%)
Alive without disease 1(8,3%) 0 (0%) 1 (20%)
Number of recurrences [n=11]

1 11 (100%) 2 (100%) 5 (100%)
Additional therapies

None 0 (0%) 0 (0%) 0 (0%)
Radioactive iodine therapy (RAI) 12 (100%) 3 (100%) 5 (100%)
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Radiation therapy 0 (0%) 0 (0%) 0 (0%)
Tyrosine kinase inhibitors 2 (16,7%) 2 (66,7%) 0 (0%)
Surgery 11 (91,7%) 3 (100%) 4 (80%)
Number of additional RAI administrations
1 1(8,3%) 0 (0%) 1(20%)
2 2 (16,7%) 1(33,3%) 0 (0%)
3 5 (41,7%) 2 (66,7%) 3 (60%)
4 4 (33,3%) 0 (0%) 1 (20%)
Median cumulative dose of RAIin millicuries 728,5 (241-1094) 501 (498-659) 812 (241-1094)
[mCi] (range)
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REPORTING GUIDELINES- CHECKLIST

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 1
abstract
(b) Provide in the abstract an informative and balanced summary of what was
done and what was found
Introduction
Background/rationale 2 Explain the scientific background and rationale for the investigation being 2
reported
Objectives 3 State specific objectives, including any prespecified hypotheses 3
Methods
Study design Present key elements of study design early in the paper 2
Setting Describe the setting, locations, and relevant dates, including periods of 4
recruitment, exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources and methods of selection of
participants. Describe methods of follow-up
(b) For matched studies, give matching criteria and number of exposed and 4
unexposed
Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 4-5
effect modifiers. Give diagnostic criteria, if applicable
Data sources/ 8* For each variable of interest, give sources of data and details of methods of 3
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 NA
Study size 10 Explain how the study size was arrived at NA
Quantitative variables 11 Explain how quantitative variables were handled in the analyses. If applicable, 4
describe which groupings were chosen and why
Statistical methods 12 (a) Describe all statistical methods, including those used to control for 5
confounding
(b) Describe any methods used to examine subgroups and interactions
(c) Explain how missing data were addressed
(d) If applicable, explain how loss to follow-up was addressed
(e) Describe any sensitivity analyses
Results
Participants 13*  (a) Report numbers of individuals at each stage of study—eg numbers potentially |
eligible, examined for eligibility, confirmed eligible, included in the study,
completing follow-up, and analysed
(b) Give reasons for non-participation at each stage
(c) Consider use of a flow diagram
Descriptive data 14* () Give characteristics of study participants (eg demographic, clinical, social) 5-8
and information on exposures and potential confounders
(b) Indicate number of participants with missing data for each variable of interest
(c) Summarise follow-up time (eg, average and total amount)
Outcome data 15*  Report numbers of outcome events or summary measures over time 8

1



Main results 16 (@) Give unadjusted estimates and, if applicable, confounder-adjusted estimates and their 5-8
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
(c) If relevant, consider translating estimates of relative risk into absolute risk for a
meaningful time period

Other analyses 17 Report other analyses done—eg analyses of subgroups and interactions, and sensitivity 6
analyses

Discussion

Key results 18 Summarise key results with reference to study objectives ii

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 12-
Discuss both direction and magnitude of any potential bias 14

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 14
multiplicity of analyses, results from similar studies, and other relevant evidence

Generalisability 21 Discuss the generalisability (external validity) of the study results 14

Other information

Funding 22 Give the source of funding and the role of the funders for the present study and, if 14
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.

REPORTING GUIDELINES- EXAMPLES

1- “We gathered several clinicopathological characteristics of a retrospective cohort of 138 patients
25 with primarily resected thyroid cancer which recurred after total thyroidectomy and adjuvant
radioiodine therapy. We also reclassified them as DHGTC according to 5th WHO’s criteria;
compared 27 DHGTC to non-high grade differentiated follicular cell-derived thyroid carcinomas
(non-HG-DTC) and described the clinical behavior and pathological features of thyroid cancer with
radioactive iodine refractoriness.”

2- “Histologic classification of follicular cell-derived thyroid cancer has been made according to
tissue and cellular morphology, establishing a spectrum that goes from differentiated follicular cell-
derived thyroid carcinomas (DFCDTC) [papillary (PTC); follicular (FTC) and oncocytic (OCA)], to
the undifferentiated form, anaplastic carcinoma (ATC).”

3- “The aims of the study were: (i) to describe the clinical behavior and pathological features of the
cohort; (i) evaluate the frequency of DHGTC and its clinical behavior in this series; (iii) evaluate
the clinicopathological differences between DHGTC and non-HG-DTC and (iv) describe the
clinical behavior and pathological features of cases with RAIR.”

4- “In this study we gathered a retrospective cohort of 138 patients with resected thyroid cancer
which recurred after total thyroidectomy and adjuvant RAI, of which a significant proportion



developed RAIR. The tumor series was reclassified according to the 5th edition of WHO’s criteria
and several clinicopathological characteristics were collected.”

5- “Our study included a series of 138 formalin-fixed, paraffin embedded resection samples of
human thyroid tissue from patients followed in Centro Hospitalar e Universitario de Coimbra, kept
at the biobank of the Institute of Molecular Pathology and Immunology of the University of Porto.
The samples of the patients were collected upon written informed consent of the patients, or their
guardians, in the case of minors. (...) The patients were diagnosed between 1971 and 2010 with
thyroid cancer and underwent total thyroidectomy and adjuvant therapy with radioactive iodine
(1311) as an initial approach.”

6- “The patients were diagnosed between 1971 and 2010 with thyroid cancer and underwent total
thyroidectomy and adjuvant therapy with radioactive iodine (1311) as an initial approach.”

7- “Follow-up data was available for 133 patients. The outcomes collected included disease-free
survival (DFS), disease specific survival (DSS) and persistence of disease at the end of follow-up.
The follow-up was calculated from the date of primary resection. DFS was defined as the time from
primary resection to cancer recurrence, DSS as 158 the time from primary resection to death due to
thyroid cancer and persistence of dis-159 ease was documented as proven structural disease.”

8- “The clinicopathological data was collected from clinical records, with the approval of the Ethic
Committee of the Faculty of Medicine of the University of Coimbra (n° 1309) and all the
procedures described in this study were done in accordance with national ethical standards (Law n°
12/2005) and Helsinki declaration.”

9- The series is intentionally biased by the selection of cases with recurrence/poorer prognosis.

10- The study size was determined by the number of cases available.

11- “In particular, DHGTC was classified according to the following criteria: mitotic 139 count
>5/2 mm2 [6 HPFs in the microscope used- fields of 0,34 mmz2] and/or tumor necro-140 sis. The
mitotic count was determined within the most mitotically active area (the so-141 called ‘hotspot’).”
12- “All statistical analyses were performed with SPSS 29.0 (IBM Corporation, Armonk, NY,
USA). Comparisons of clinicopathological features between subgroups were performed with the
chi-square test or Fisher’s exact test for categorical variables, and with Mann-Whitney U test for
continuous variables. Univariate survival analysis was performed with the log rank test for
categorical variables and with the Cox proportional hazards model for continuous variables. Factors
that were significant in univariate analysis were subsequently subjected to multivariate analysis
with the Cox proportional hazards model. P-values of <0,05 were considered to be statistically
significant.”

13- “Follow-up data was available for 133 patients. The outcomes collected included disease-free
survival (DFS), disease specific survival (DSS) and persistence of disease at the end of follow-up.
The follow-up was calculated from the date of primary resection.”

14- The clinical and pathological features of the entire cohort are summarized in Table 1. The
median age was 45 years (range, 13-81 years). There was a female 173 predominance, with a
female/male ratio of 3:1. The median tumor size was 2,65 cm 174 (range, 0,5-9 cm). In terms of
diagnosis, 32 cases (23,2%) presented as HGFCDTC, of which 22 (15,9%) were diagnosed as
DHGTC and 10 (7,2%) as PDTC.

15- “Documented metastasis was frequent, observed in 85 patients (61,6%), and 36 of them
(42,3%) had distant metastasis. The most common sites of distant metastases were lung (n=26) and
bone (n=13). Lymph node metastasis was present in 67 cases (49,6%) and 27 (21,3%) had
synchronous metastasis (defined as metastasis identified within 6 months after the diagnosis of the
primary cancer [17]). Seventeen (12,8%) patients died due to disease during follow-up, of which 4
(23,5%) were PDTC, 3 DHGTC (17,6%) and 11 (64,7%) non-HG-DTC. All the patients who died
due to disease had documented metastasis; capsular invasion; AJCC pathological N1 stage and
absence of NRAS mutations.”



16- There were no confounder-adjusted estimates in our study.

17- “DHGTC cases, as compared with non-HG-DTC patients, were significantly associated with the
age ranges of <18 and >55 years old; higher tumor size, on average and in the range of >2 cm; tall-
cell subtype of PTC; mitotic index >5; tumor necrosis; lymphovascular invasion; presence of distant
metastasis; lung metastasis; synchronous metastasis; high AJCC 8th edition pT stage; submission to
additional therapies; treatment with TKI; more administrations of additional RAI; higher median
cumulative dose of RAI and persistence of disease at the end of follow-up, (P < 0.05; Table 1).”

18- “We found that the prevalence of DHGTC in a series of recurrent thyroid cancer is higher than
what is described in studies without prior clinical selection (17,2% vs 7,2%) [19]. Curiously, the
same is not true in relation to PDTC. Its prevalence (7,2%) is within the reported prevalence of 2-
15% [20] in unselected series. This result suggests that DHGTC category encloses cases that might
have a higher tendency to recur, recognizing DHGTC as an intermediate category in terms of
prognostic outcomes.”

19- “We must stress that we are evaluating a series of recurrent tumors and these findings should be
verified in more representative series.”

20- “In accordance with their increased aggressiveness, patients with DHGTC were submitted to
more additional therapies, more administrations of additional RAI and, consequently, a higher
cumulative dose of RALI. This indicates that these patients are more resistant to conventional
therapies, and have a higher risk to develop other features, such as distant metastasis during follow-
up. It’s worth mentioning that only two DHGTC cases were indicated for treatment with TKI, and
perhaps if poor prognosis features were found earlier, more could benefit from that.”

21- “We found that the DHGTC fulfilling the S5th WHO criteria revealed to be more aggressive
since DHGTC cases were significantly associated to several adverse clinicopathological parameters,
such as higher tumor size, presence of distant metastasis, synchronous metastasis, microscopic ETE,
tall-cell subtype of PTC, lymphovascular invasion, high AJCC 8th edition pT stage, persistence of
disease at the end of follow-up, among others. This is of value because it can assist in clinical
decision making, namely in patients’ selection to be submitted to more aggressive therapies in order
to prevent recurrences, use of targeted therapies or suggest recommendations of tighter follow-up
intervals in patients diagnosed with DHGTC.”

22- “This research received funding for SC, in the framework of a Ph.D. grant
(SFRH/BD/147650/2019) supported by Portuguese funds through Fundacéo para a Ciéncia e
Tecnologia (FCT). This study is part of the project “Institute for Research and Innovation in Health
Sciences” (UID/BIM/04293/2019) and the project “The Porto Comprehensive Cancer Center” ref.
NORTE-01-0145-FEDER-072678—Consércio PORTO.CCC—Porto. Comprehensive Cancer
Center Raquel Seruca.”
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comprehensible to scientists working outside the topic of the paper.

Materials and Methods: They should be described with sufficient detail to allow others to replicate and build on published
results. New methods and protocols should be described in detail while well-established methods can be briefly described and
appropriately cited. Give the name and version of any software used and make clear whether computer code used is available.
Include any pre-registration codes.

Results: Provide a concise and precise description of the experimental results, their interpretation as well as the experimental
conclusions that can be drawn.

Discussion: Authors should discuss the results and how they can be interpreted in perspective of previous studies and of the
working hypotheses. The findings and their implications should be discussed in the broadest context possible and limitations of
the work highlighted. Future research directions may also be mentioned. This section may be combined with Results.

Conclusions: This section is not mandatory but can be added to the manuscript if the discussion is unusually long or complex.

Patents: This section is not mandatory but may be added if there are patents resulting from the work reported in this
manuscript.



Back Matter

« Supplementary Materials: Describe any supplementary material published online alongside the manuscript (figure, tables,
video, spreadsheets, etc.). Please indicate the name and title of each element as follows Figure S1: title, Table S1: title, etc.

« Author Contributions: Each author is expected to have 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; or have drafted the
work or substantively revised it; AND has approved the submitted version (and version substantially edited by journal staff that
involves the author’s contribution to the study); AND agrees to be personally accountable for the author’'s own contributions and
for ensuring that questions related to the accuracy or integrity of any part of the work, even ones in which the author was not
personally involved, are appropriately investigated, resolved, and documented in the literature.

For research articles with several authors, a short paragraph specifying their individual contributions must be provided. The
following statements should be used "Conceptualization, X.X. and Y.Y.; Methodology, X.X.; Software, X.X.; Validation, X.X., Y.Y.
and Z.Z.; Formal Analysis, X.X.; Investigation, X.X.; Resources, X.X.; Data Curation, X.X.; Writing — Original Draft Preparation,
X.X.; Writing — Review & Editing, X.X.; Visualization, X.X.; Supervision, X.X.; Project Administration, X.X.; Funding Acquisition,
Y.Y.", please turn to the CRediT taxonomy for the term explanation. For more background on CRediT, see here. "Authorship
must include and be limited to those who have contributed substantially to the work. Please read the section
concerning the criteria to qualify for authorship carefully".

Funding: All sources of funding of the study should be disclosed. Clearly indicate grants that you have received in support of
your research work and if you received funds to cover publication costs. Note that some funders will not refund article
processing charges (APC) if the funder and grant number are not clearly and correctly identified in the paper. Funding
information can be entered separately into the submission system by the authors during submission of their manuscript. Such
funding information, if available, will be deposited to FundRef if the manuscript is finally published.

Please add: “This research received no external funding” or “This research was funded by [name of funder] grant number [xxx]"
and “The APC was funded by [XXX]" in this section. Check carefully that the details given are accurate and use the standard
spelling of funding agency names at https:/search.crossref.org/funding, any errors may affect your future funding.

Institutional Review Board Statement: In this section, please add the Institutional Review Board Statement and approval
number for studies involving humans or animals. Please note that the Editorial Office might ask you for further information.
Please add “The study was conducted according to the guidelines of the Declaration of Helsinki, and approved by the
Institutional Review Board (or Ethics Committee) of NAME OF INSTITUTE (protocol code XXX and date of approval).” OR
“Ethical review and approval were waived for this study, due to REASON (please provide a detailed justification).” OR “Not
applicable” for studies not involving humans or animals. You might also choose to exclude this statement if the study did not
involve humans or animals.

Informed Consent Statement: Any research article describing a study involving humans should contain this statement. Please
add “Informed consent was obtained from all subjects involved in the study.” OR “Patient consent was waived due to REASON
(please provide a detailed justification).” OR “Not applicable.” for studies not involving humans. You might also choose to
exclude this statement if the study did not involve humans.

Written informed consent for publication must be obtained from participating patients who can be identified (including by the
patients themselves). Please state “Written informed consent has been obtained from the patient(s) to publish this paper” if
applicable.

Data Availability Statement: In this section, please provide details regarding where data supporting reported results can be
found, including links to publicly archived datasets analyzed or generated during the study. Please refer to suggested Data
Availability Statements in section “MDPI Research Data Policies”. You might choose to exclude this statement if the study did
not report any data.

Acknowledgments: In this section you can acknowledge any support given which is not covered by the author contribution or
funding sections. This may include administrative and technical support, or donations in kind (e.g., materials used for
experiments).

Conflicts of Interest: Authors must identify and declare any personal circumstances or interest that may be perceived as
influencing the representation or interpretation of reported research results. If there is no conflict of interest, please state "The
authors declare no conflict of interest." Any role of the funding sponsors in the choice of research project; design of the study; in
the collection, analyses or interpretation of data; in the writing of the manuscript; or in the decision to publish the results must be
declared in this section. Diagnostics does not publish studies funded partially or fully by the tobacco industry. Any projects
funded by industry must pay special attention to the full declaration of funder involvement. If there is no role, please state “The
sponsors had no role in the design, execution, interpretation, or writing of the study”. For more details please see Conflict of
Interest.

« References: References must be numbered in order of appearance in the text (including table captions and figure legends) and
listed individually at the end of the manuscript. We recommend preparing the references with a bibliography software package,
such as EndNote, ReferenceManager or Zotero to avoid typing mistakes and duplicated references. We encourage citations
to data, computer code and other citable research material. If available online, you may use reference style 9. below.

« Citations and References in Supplementary files are permitted provided that they also appear in the main text and in the
reference list.

In the text, reference numbers should be placed in square brackets [ ], and placed before the punctuation; for example [1], [1-3] or
[1,3]. For embedded citations in the text with pagination, use both parentheses and brackets to indicate the reference number and
page numbers; for example [5] (p. 10). or [6] (pp. 101-105).

The reference list should include the full title, as recommended by the ACS style guide. Style files for Endnote and Zotero are
available.



References should be described as follows, depending on the type of work:

= Journal Articles:
1. Author 1, A.B.; Author 2, C.D. Title of the article. Abbreviated Journal Name Year, Volume, page range.

« Books and Book Chapters:
2. Author 1, A.; Author 2, B. Book Title, 3rd ed.; Publisher: Publisher Location, Country, Year; pp. 154-196.
3. Author 1, A.; Author 2, B. Title of the chapter. In Book Title, 2nd ed.; Editor 1, A., Editor 2, B., Eds.; Publisher: Publisher
Location, Country, Year; Volume 3, pp. 154-196.

* Unpublished materials intended for publication:
4. Author 1, A.B.; Author 2, C. Title of Unpublished Work (optional). Correspondence Affiliation, City, State, Country. year, stafus
(manuscript in preparation; to be submitted).
5. Author 1, A.B.; Author 2, C. Title of Unpublished Work. Abbreviated Journal Name year, phrase indicating stage of publication
(submitted; accepted, in press).

« Unpublished materials not intended for publication:
6. Author 1, A.B. (Affiliation, City, State, Country); Author 2, C. (Affiliation, City, State, Country). Phase describing the material,
year. (phase: Personal communication; Private communication; Unpublished work; etc.)

» Conference Proceedings:
7. Author 1, A.B.; Author 2, C.D.; Author 3, E.F. Title of Presentation. In Title of the Collected Work (if available), Proceedings of
the Name of the Conference, Location of Conference, Country, Date of Conference; Editor 1, Editor 2, Eds. (if available);
Publisher: City, Country, Year (if available); Abstract Number (optional), Pagination (optional).

» Thesis:
8. Author 1, A.B. Title of Thesis. Level of Thesis, Degree-Granting University, Location of University, Date of Completion.

* Websites:
9. Title of Site. Available online: URL (accessed on Day Month Year).
Unlike published works, websites may change over time or disappear, so we encourage you create an archive of the cited
website using a service such as WebCite. Archived websites should be cited using the link provided as follows:
10. Title of Site. URL (archived on Day Month Year).

Preparing Figures, Schemes and Tables

* Diagnostics can publish multimedia files in articles or as supplementary materials. Please contact the editorial office for further
information.

« All Figures, Schemes and Tables should be inserted into the main text close to their first citation and must be numbered
following their number of appearance (Figure 1, Scheme 1, Figure 2, Scheme 2, Table 1, etc.).

« All Figures, Schemes and Tables should have a short explanatory title and caption.

« All table columns should have an explanatory heading. To facilitate the copy-editing of larger tables, smaller fonts may be used,
but no less than 8 pt. in size. Authors should use the Table option of Microsoft Word to create tables.

» Authors are encouraged to prepare figures and schemes in color (RGB at 8-bit per channel). There is no additional cost for
publishing full color graphics.



Supplementary Materials, Data Deposit and Software Source Code
MDP| Research Data Policies

MDPI is committed to supporting open scientific exchange and enabling our authors to achieve best practices in sharing and
archiving research data. We encourage all authors of articles published in MDPI journals to share their research data including,
but not limited to protocols, analytic methods, raw data, processed data, code, software, algorithms, and study material. The data
should be FAIR - findable, accessible, interoperable, and reusable — so that other researchers can locate and use the data.

We recommend that data and code should be deposited in a trusted repository that will allow for maximum reuse (see the Data
Preservation section below). If this is not possible, authors are encouraged to share the specific reason in the Data Availability
Statement and make this material available upon request to interested researchers. In addition, research materials necessary to
enable the reproduction of an experiment should be indicated in the Materials and Methods section. Individual journal guidelines
can be found at the journal ‘Instructions for Authors’ page. Data sharing policies concern the minimal dataset that supports the
central findings of a published study. Generated data should be publicly available and cited in accordance with journal guidelines.

MDPI data policies are informed by TOP Guidelines.

Where ethical, legal, or privacy issues are present, data should not be shared. The authors should clarify the availability status of
the data upon submission and make any limitations or exceptions clear in the Data Availability Statement. Authors should ensure

that the data shared is in accordance with consent provided by participants on the use of confidential data. Authors should ensure
that the publication of such data does not compromise the anonymity of the participants or breach local data protection laws.

In situations where access is restricted to protect confidential or proprietary information, authors will be requested to clearly
explain the restrictions on the dataset and make the data available upon request, with permission for the purposes of peer review.

MDPI recognizes that some institutions and funding agencies only require the retention of research data for a finite period after a

project’'s completion or publication. However, there are no such limits specified within the MDPI Data Availability Policy and,
therefore, we encourage the authors to archive their research data through appropriate data repositories or provide us with
minimal datasets within Supplementary Material.

Data availability statements

Data availability statements are required for all articles published with MDPI. During the peer review and editorial decision
process, authors can be asked to share existing datasets or raw data that have been analyzed in the manuscript, and whether

they will be made available to other researchers following publication. Authors will also be asked for the details of any existing

datasets that have been analyzed in the manuscript.

Below are the recommended Data Availability Statements:

Data availability status

Data available in a publicly accessible
repository

Data available in a publicly accessible
repository that does not issue DOIs

Data available on request due to restrictions
(e.g., privacy, legal or ethical reasons)

3rd Party Data

Embargo on data due to commercial
restrictions

Restrictions apply to the datasets:

Data derived from public domain resources:

Data sharing is not applicable (only
appropriate if no new data is generated or
the article describes entirely theoretical
research.

Data is contained within the article or
supplementary material:

Dataset available on request from the
authors.

Recommended Data Availability Statement

The data presented in this study are openly available in [repository name, e.g.,
FigShare] at [doi], reference number [reference number].

Publicly available datasets were analyzed in this study. This data can be found
here: [link/accession number].

The data presented in this study are available on request from the
corresponding author (accurately indicate status).

Restrictions apply to the availability of these data. Data were obtained from [third
party] and are available [from the authors/at URL] with the permission of [third

party].

The data that support the findings will be available in [repository name] at [URL /
DOl link] following an embargo from the date of publication to allow for
commercialization of research findings.

The datasets presented in this article are not readily available because [include
reason, e.g., the data are part of an ongoing study or due to technical/ time
limitations]. Requests to access the datasets should be directed to [text input].

The data presented in this study are available in [repository name] at [URL/DOI],
reference number [reference number]. These data were derived from the
following resources available in the public domain: [list resources and URLs]

No new data were created or analyzed in this study. Data sharing is not
applicable to this article

The original contributions presented in the study are included in the
article/supplementary material, further inquiries can be directed to the
corresponding author/s.

The raw data supporting the conclusions of this article will be made available by
the authors on request.



Data preservation

MDPI acknowledges that researchers, institutions, journals, and data repositories have a shared responsibility to ensure long-term
data preservation, and MDPI encourages authors to select data repositories with this goal in mind.

MDPI encourages authors to commit to preserving their datasets on their laboratory or institutional servers, for at least five years
after publication. If, during that time, the repository to which the data were originally submitted disappears or experiences data
loss, we may ask the authors to upload the data to another repository and publish a correction or update to the original
publication.

If authors remove their data from the original public repository or change access criteria in a manner that is inconsistent with the
publication, we may ask authors to notify the editorial office as soon as possible.

How to choose an appropriate data repository

MDPI encourages the submission of data to community-recognized data repositories where possible. We recommend the authors
visit re3data.org or fairsharing.org to help identify registered and certified data repositories relevant to their subject area if no
community resource is available. If the authors’ institution has its generalist data repository this can be used to host authors’ data
as long as the repository can mint DataCite DOIs, and allows for data to be shared under open terms of use (for example the
CCO waiver).

Data repository criteria

The following criteria should be considered when selecting an appropriate repository, ensuring that platforms:
« Ensure long-term persistence and preservation of datasets in their published form;

» Provide stable identifiers for submitted datasets (DOls in most cases);

« Allow public access to data without barriers, such as logins or paywalls;

» Support open licenses (CCO and CC-BY, or their equivalents, are required in most cases);

» Provide confidential review of submitted datasets without the requirement for reviewers to provide identifying information.

Research and Publication Ethics

Research Ethics

Research Involving Human Subjects

When reporting on research that involves human subjects, human material, human tissues, or human data, authors must declare
that the investigations were carried out following the rules of the Declaration of Helsinki of 1975 (https://www.wma.net/what-we-
do/medical-ethics/declaration-of-helsinkil), revised in 2013. According to point 23 of this declaration, an approval from the local
institutional review board (IRB) or other appropriate ethics committee must be obtained before undertaking the research to confirm
the study meets national and international guidelines. As a minimum, a statement including the project identification code, date of
approval, and name of the ethics committee or institutional review board must be stated in Section ‘Institutional Review Board
Statement’ of the article.

Example of an ethical statement: "All subjects gave their informed consent for inclusion before they participated in the study. The
study was conducted in accordance with the Declaration of Helsinki, and the protocol was approved by the Ethics Committee of
XXX (Project identification code).”

For non-interventional studies (e.g. surveys, questionnaires, social media research), all participants must be fully informed if the
anonymity is assured, why the research is being conducted, how their data will be used and if there are any risks associated. As
with all research involving humans, ethical approval from an appropriate ethics committee must be obtained prior to conducting
the study. If ethical approval is not required, authors must either provide an exemption from the ethics committee or are
encouraged to cite the local or national legislation that indicates ethics approval is not required for this type of study. Where a
study has been granted exemption, the name of the ethics committee which provided this should be stated in Section ‘Institutional
Review Board Statement’ with a full explanation regarding why ethical approval was not required.

A written informed consent for publication must be obtained from participating patients. Data relating to individual participants
must be described in detail, but private information identifying participants need not be included unless the identifiable materials
are of relevance to the research (for example, photographs of participants’ faces that show a particular symptom). Patients’ initials
or other personal identifiers must not appear in any images. For manuscripts that include any case details, personal information,
and/or images of patients, authors must obtain signed informed consent for publication from patients (or their relatives/guardians)
before submitting to an MDPI journal. Patient details must be anonymized as far as possible, e.g., do not mention specific age,
ethnicity, or occupation where they are not relevant to the conclusions. A template permission form is available to download. A
blank version of the form used to obtain permission (without the patient names or signature) must be uploaded with your
submission. Editors reserve the right to reject any submission that does not meet these requirements.



You may refer to our sample form and provide an appropriate form after consulting with your affiliated institution. For the purposes
of publishing in MDPI journals, a consent, permission, or release form should include unlimited permission for publication in all
formats (including print, electronic, and online), in sublicensed and reprinted versions (including translations and derived works),
and in other works and products under open access license. To respect patients’ and any other individual’s privacy, please do not
send signed forms. The journal reserves the right to ask authors to provide signed forms if necessary.

If the study reports research involving vulnerable groups, an additional check may be performed. The submitted manuscript will be
scrutinized by the editorial office and upon request, documentary evidence (blank consent forms and any related discussion
documents from the ethics board) must be supplied. Additionally, when studies describe groups by race, ethnicity, gender,
disability, disease, etc., explanation regarding why such categorization was needed must be clearly stated in the article.

Publication Ethics Statement

Diagnostics is a member of the Committee on Publication Ethics (COPE). We fully adhere to its Code of Conduct and to its Best
Practice Guidelines.

The editors of this journal enforce a rigorous peer review process together with strict ethical policies and standards to ensure to
add high quality scientific works to the field of scholarly publication. Unfortunately, cases of plagiarism, data falsification, image
manipulation, inappropriate authorship credit, and the like, do arise. The editors of Diagnostics take such publishing ethics issues
very seriously and are trained to proceed in such cases with a zero tolerance policy.

Authors wishing to publish their papers in Diagnostics must abide to the following:

« Any facts that might be perceived as a possible conflict of interest of the author(s) must be disclosed in the paper prior to
submission.

Authors should accurately present their research findings and include an objective discussion of the significance of their
findings.

Data and methods used in the research need to be presented in sufficient detail in the paper, so that other researchers can
replicate the work.

Raw data should preferably be publicly deposited by the authors before submission of their manuscript. Authors need to at least
have the raw data readily available for presentation to the referees and the editors of the journal, if requested. Authors need to
ensure appropriate measures are taken so that raw data is retained in full for a reasonable time after publication.

Simultaneous submission of manuscripts to more than one journal is not tolerated.

The journal accepts exact translations of previously published work. All submissions of translations must conform with our
policies on translations.

If errors and inaccuracies are found by the authors after publication of their paper, they need to be promptly communicated to
the editors of this journal so that appropriate actions can be taken. Please refer to our policy regarding Updating Published
Papers.

Your manuscript should not contain any information that has already been published. If you include already published figures or
images, please obtain the necessary permission from the copyright holder to publish under the CC-BY license. For further
information, see the Rights and Permissions page.

Plagiarism, data fabrication and image manipulation are not tolerated.

o Plagiarism is not acceptable in Diagnostics submissions.
Plagiarism includes copying text, ideas, images, or data from another source, even from your own publications, without giving
any credit to the original source.

Reuse of text that is copied from another source must be between quotes and the original source must be cited. If a study's
design or the manuscript's structure or language has been inspired by previous works, these works must be explicitly cited.

All MDPI submissions are checked for plagiarism using the industry standard software iThenticate. If plagiarism is detected
during the peer review process, the manuscript may be rejected. If plagiarism is detected after publication, an investigation
will take place and action taken in accordance with our policies.

o

Image files must not be manipulated or adjusted in any way that could lead to misinterpretation of the information
provided by the original image.

Irregular manipulation includes: 1) introduction, enhancement, moving, or removing features from the original image; 2)
grouping of images that should obviously be presented separately (e.g., from different parts of the same gel, or from different
gels); or 3) modifying the contrast, brightness or color balance to obscure, eliminate or enhance some information.

If irregular image manipulation is identified and confirmed during the peer review process, we may reject the manuscript. If
irregular image manipulation is identified and confirmed after publication, we may correct or retract the paper.

Our in-house editors will investigate any allegations of publication misconduct and may contact the authors' institutions or
funders if necessary. If evidence of misconduct is found, appropriate action will be taken to correct or retract the publication.
Authors are expected to comply with the best ethical publication practices when publishing with MDPI.



Citation Policy

Authors should ensure that where material is taken from other sources (including their own published writing) the source is clearly
cited and that where appropriate permission is obtained.

Authors should not engage in excessive self-citation of their own work.

Authors should not copy references from other publications if they have not read the cited work.
Authors should not preferentially cite their own or their friends’, peers’, or institution’s publications.
Authors should not cite advertisements or advertorial material.

In accordance with COPE guidelines, we expect that “original wording taken directly from publications by other researchers should
appear in quotation marks with the appropriate citations.” This condition also applies to an author’s own work. COPE have
produced a discussion document on citation manipulation with recommendations for best practice.

[Return to top]

Reviewer Suggestions

During the submission process, please suggest three potential reviewers with the appropriate expertise to review the manuscript.
The editors will not necessarily approach these referees. Please provide detailed contact information (address, homepage, phone,
e-mail address). The proposed referees should neither be current collaborators of the co-authors nor have published with any of
the co-authors of the manuscript within the last three years. Proposed reviewers should be from different institutions to the
authors. You may identify appropriate Editorial Board members of the journal as potential reviewers. You may suggest reviewers
from among the authors that you frequently cite in your paper. For detailed information regarding the qualifications and
responsibilities of the reviewers, please visit https://www.mdpi.com/reviewers.

[Return to top]

Extensive English Editing

It is the authors’ responsibility to submit their work in correct English. The APC includes only minor English editing, conducted by
native English speakers. The APC does not include extensive English editing. If extensive editing is required, your paper could be
returned to you at the English editing stage of the publication process. This could delay the publication of your work. You may
have your work reviewed by an experienced English-speaking colleague or use a paid language-editing service before submitting
your paper for publication. We offer rapid English editing, completed in 1 day, here: Author Services.

[Return to top]

Preprints and Conference Papers

Diagnostics accepts submissions that have previously been made available as preprints provided that they have not undergone
peer review. A preprint is a draft version of a paper made available online before submission to a journal.

MDPI operates Preprints, a preprint server to which submitted papers can be uploaded directly after completing journal
submission. Note that Preprints operates independently of the journal and posting a preprint does not affect the peer review
process. Check the Preprints instructions for authors for further information.

Expanded and high-quality conference papers can be considered as articles if they fulfill the following requirements: (1) the paper
should be expanded to the size of a research article; (2) the conference paper should be cited and noted on the first page of the
paper; (3) if the authors do not hold the copyright of the published conference paper, authors should seek the appropriate
permission from the copyright holder; (4) authors are asked to disclose that it is conference paper in their cover letter and include
a statement on what has been changed compared to the original conference paper. Diagnostics does not publish pilot studies or
studies with inadequate statistical power.

Unpublished conference papers that do not meet the above conditions are recommended to be submitted to the Proceedings
Series journals.

[Return to top]



Authorship

MDPI follows the International Committee of Medical Journal Editors (ICMJE) guidelines which state that, in order to qualify for
authorship of a manuscript, the following criteria should be observed:

« Substantial contributions to the conception or design of the work; or the acquisition, analysis, or interpretation of data for the
work; AND

« Drafting the work or reviewing it critically for important intellectual content; AND
«» Final approval of the version to be published; AND

» Agreement 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.

Those who contributed to the work but do not qualify for authorship should be listed in the acknowledgments. More detailed
guidance on authorship is given by the International Committee of Medical Journal Editors (ICMJE).

Any change to the author list should be approved by all authors including any who have been removed from the list. The
corresponding author should act as a point of contact between the editor and the other authors and should keep co-authors
informed and involve them in major decisions about the publication. We reserve the right to request confirmation that all authors
meet the authorship conditions.

For more details about authorship please check MDPI ethics website.

Editorial Independence

Lack of Interference with Editorial Decisions

Editorial independence is of utmost importance and MDPI does not interfere with editorial decisions. All articles published by
MDPI are peer reviewed and assessed by our independent editorial boards, and MDPI staff are not involved in decisions to accept
manuscripts. When making an editorial decision, we expect the academic editor to make their decision based only upon:

« The suitability of selected reviewers;
» Adequacy of reviewer comments and author response;

» Qverall scientific quality of the paper.

In all of our journals, in every aspect of operation, MDPI policies are informed by the mission to make science and research
findings open and accessible as widely and rapidly as possible.

Editors and Editorial Staff as Authors

Editorial staff or editors shall not be involved in processing their own academic work. Submissions authored by editorial
staff/editors will be assigned to at least two independent outside reviewers. Decisions will be made by other Editorial Board
Members who do not have a conflict of interest with the author. Journal staff are not involved in the processing of their own work
submitted to any MDPI journals.

Conflicts of Interest

According to The International Committee of Medical Journal Editors, “Authors should avoid entering into agreements with study
sponsors, both for-profit and non-profit, that interfere with authors’ access to all of the study’s data or that interfere with their ability
to analyze and interpret the data and to prepare and publish manuscripts independently when and where they choose.”

All authors must disclose all relationships or interests that could inappropriately influence or bias their work. Examples of potential
conflicts of interest include but are not limited to financial interests (such as membership, employment, consultancies,
stocks/shares ownership, honoraria, grants or other funding, paid expert testimonies and patent-licensing arrangements) and non-
financial interests (such as personal or professional relationships, affiliations, personal beliefs).

Authors can disclose potential conflicts of interest via the online submission system during the submission process. Declarations
regarding conflicts of interest can also be collected via the MDPI disclosure form. The corresponding author must include a
summary statement in the manuscript in a separate section “Conflicts of Interest” placed just before the reference list. The
statement should reflect all the collected potential conflicts of interest disclosures in the form.

See below for examples of disclosures:

Conlflicts of Interest: Author A has received research grants from Company A. Author B has received a speaker honorarium from
Company X and owns stocks in Company Y. Author C has been involved as a consultant and expert witness in Company Z.
Author D is the inventor of patent X.

If no conflicts exist, the authors should state:

Conflicts of Interest: The authors declare no conflicts of interest.



