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Abstract:  19 

In the latest 5th WHO’s Classification of Tumors of Endocrine Organs, a new term was created 20 

to identify those cases, at the time of pathological evaluation, which have a worse prognosis within 21 

differentiated follicular cell-derived thyroid carcinomas (DFCDTC): Differentiated High Grade Thy- 22 

roid Carcinoma (DHGTC). In our work, we aimed to evaluate its frequency and clinicopathological 23 

features within a series of recurrent DFCDTC.  24 

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 radi- 26 

oiodine 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) 28 

and described the clinical behavior and pathological features of thyroid cancer with radioactive io- 29 

dine refractoriness.  30 

We found that DHGTC’s prevalence is higher than what is described in studies without prior 31 

clinical selection. In comparison to non-HG-DTC, DHGTC cases were significantly associated to 32 

several adverse clinicopathological features: higher tumor size; tall-cell subtype of PTC; mitotic in- 33 

dex ≥5; tumor necrosis; lymphovascular invasion; high AJCC 8th edition pT stage; distant metasta- 34 

sis; lung metastasis; synchronous metastasis and persistence of disease at the end of follow-up. Fur- 35 

thermore, the number of cases which developed RAIR (n=12 [8,7%]), despite low, is quite signifi- 36 

cant, as the estimated incidence of these forms of cancer is of 4-5 cases/year/million people, and we 37 

described their clinicopathological characteristics.  38 

Our results strengthen the clinical usefulness of DHGTC classification by indicating patients 39 

at a higher risk for progression and highlight the need for tight surveillance in these forms of cancer. 40 

Keywords: Thyroid cancer; Differentiated High Grade Thyroid Carcinoma; radioactive iodine re- 41 

fractoriness; prognosis 42 
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1. Introduction 45 

In the latest decades, our understanding has grown considerably regarding the ge- 46 

netic landscape and biology of thyroid cancer (TC). This knowledge led to significant 47 

changes in its histopathological classification, which profoundly influenced clinical prac- 48 

tice.  49 

Histologic classification of follicular cell-derived thyroid cancer has been made ac- 50 

cording to tissue and cellular morphology, establishing a spectrum that goes from differ- 51 

entiated follicular cell-derived thyroid carcinomas (DFCDTC) [papillary (PTC); follicular 52 

(FTC) and oncocytic (OCA)], to the undifferentiated form, anaplastic carcinoma (ATC). 53 

The last 4th and 5th editions of WHO’s Classification of Tumors of Endocrine Organs 54 

have brought groundbreaking changes, such as the recognition of low-risk tumors 55 

(nonninvasive follicular thyroid neoplasm with papillary-like nuclear features [NIFTP]) 56 

and a new grading system for well-differentiated thyroid carcinoma.  57 

The 5th edition of WHO’s classification [1], uses evidence gathered in two defined 58 

criteria- Memory Sloan Kettering Cancer Center’s (MSKCC) criteria and Turin consen- 59 

sus’ criteria - to identify high-grade follicular cell-derived non-anaplastic thyroid carci- 60 

noma (HGFCDTC). [2]. 61 

This way, two subgroups have been recognized: differentiated high-grade thyroid 62 

carcinoma (DHGTC) and poorly differentiated thyroid carcinoma (PDTC), the former 63 

being the most recent addition to the classification. 64 

In fact, there was the clinical perception that, in the group of DFCDTC as a whole, 65 

several discrepancies in prognosis exist. So, DHGTC’s introduction appeared as a sepa- 66 

rate entity to identify those patients which, within DFCDTC, have bad prognosis, yet  67 

better prognosis compared to PDTC and ATC through pathological evaluation [3]. Thus, 68 

DHGTC is recognized as an intermediate category in terms of prognostic outcomes. 69 

The initial management of patients diagnosed with thyroid cancer follows interna- 70 

tional guidelines which highlight the patient’s biochemistry; ultrasound characteristics; 71 

cytopathology; risk stratification, among others, that do not distinguish high-grade tu- 72 

mors.  73 

In fact, DHGTC and PDTC tumors can fit in different Bethesda categories [4] as 74 

well as in separate American Thyroid Association’s (ATA) risk groups [5,6]. That can 75 

result in more conservative approaches, such as tight follow-up or lobectomy with isth- 76 

mectomy [7,8,9] in patients at a higher risk for progression. [8,9] 77 

The patients submitted to total thyroidectomy and RAI are indicated for life-time 78 

follow-up [8], and, during that period, recurrences can be documented. These recur- 79 

rences can reflect genetic mutations and distortions of signaling pathways, which lead to 80 

radioactive iodine refractoriness (RAIR). RAIR patients can be therapeutically ap- 81 

proached with new and effective targeted therapies, such as tyrosine kinase inhibitors 82 

(TKIs), sorafenib and lenvatinib, which act by inhibiting tumor growth and angiogenesis 83 

[10]. Upcoming therapies are being tested, such as the MEK and BRAF inhibitor combi- 84 

nation, dabrafenib plus trametinib, with the aim of inducing redifferentiation of the tu- 85 

mors and response to further RAI treatments. [11] 86 
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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 131I uptake on a diagnostic 131I scan; (ii) no 131I uptake on a 131I scan 94 

performed several days after 131I therapy; (iii) 131I uptake is present in some but not all 95 

tumor foci; (iv) DTC metastasis(es) progress despite 131I uptake; (v) DTC metastasis(es) 96 

progress despite a cumulative 131I 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 

5th 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 

sitário 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- 130 

derwent total thyroidectomy and adjuvant therapy with radioactive iodine (131I) as an 131 

initial approach.  132 

During the follow-up of the patients, radiological and/or biochemical recurrences 133 

were detected despite the adjuvant treatment, which often led to additional therapies 134 

being applied. 135 

The histology of tumor samples was reviewed by a pathologist (SC), who updated 136 

the classification to match the 5th edition of WHO’s classification, blinded to the clinical 137 

outcome to confirm the diagnosis.  138 

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 mm2] and/or tumor necro- 140 

sis. The mitotic count was determined within the most mitotically active area (the so- 141 

called ‘hotspot’).  142 

  143 

 144 

Figure 1. Selection of readily identifiable mitoses (arrows): in high grade papillary thyroid carci- 145 
noma, tall cell subtype (A) and high grade papillary thyroid carcinoma, solid subtype (B,C,D)- 400x 146 
amplification 147 

Only true tumor necrosis was considered, as suggested by WHO’s 5th edition, de- 148 

fined as the presence of clusters and sheets of ghost contours of dead tumor cells with 149 

karyorrhectic debris.  150 

Data from genetic characterization of the tumors was obtained in previous works of 151 

the group which included part of the cases included in this series. [References 15 and 16 152 

contain technical details.] 153 

A B 

C D 
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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 

mm2, 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 

[n=106] 

P value 

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 

[n=135] 

67 (49,6%) 12 (60%) 52 (49,5%) NS 

Synchronous metastasis 

[n=127] 

27 (21,3%) 6 (35,3%) 14 (14%) 0,042 

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 

follicular subtype of PTC 

9 (6,5%) 0 (0%) 9 (8,5%) NS 



Diagnostics 2024, 14, x FOR PEER REVIEW 7 of 21 
 

 

Infiltrative follicular subtype of 

PTC 

27 (19,6%) 3 (13,6%) 24 (22,6%) NS 

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 

thyroid 

2 (1,4%) 1 (4,5%) 1 (0,9%) NS 

Follicular thyroid carcinoma 5 (3,6%) 1 (4,5%) 4 (3,8%) NS 

Poorly differentiated thyroid 

carcinoma  

10 (7,2%) NA NA NA 

Mitotic index (per 2 mm2) 

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 8th 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 8th pN stage  

pN0/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 

[n=108] 

16 (14,8%) 5 (29,4%) 9 (11%) NS 

 

-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 

(range) [n=117] 

6,54 (0,28-38,3) 4,34 (0,67-29,9) 6,57 (0,28-38,3) NS 

Median time until the first 

recurrence in months (range) 

16 (1-313) 26,4 (0,83-312,8) 15,8 (0,07-93,2) 

 

NS 

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 

iodine refractoriness 

12 (8,7%) 3 (13,6%) 5 (4,7%) NS 

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 

(RAI) 

63 (47%) 13 (68,4%) 44 (41,9%) NS 

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 

RAI in millicuries [mCi] 

(range) 

141 (30- 

34739,1) 

366 (70-732) 127 (30-1146) 0,037 

3.2. Outcomes and prognostic factors of the entire cohort 205 

Documented metastasis was frequent, observed in 85 patients (61,6%), and 36 of 206 

them (42,3%) had distant metastasis. The most common sites of distant metastases were 207 

lung (n=26) and bone (n=13).  208 

Lymph node metastasis was present in 67 cases (49,6%) and 27 (21,3%) had synchro- 209 

nous metastasis (defined as metastasis identified within 6 months after the diagnosis of 210 

the primary cancer [17]).   211 
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Seventeen (12,8%) patients died due to disease during follow-up, of which 4 (23,5%) 212 

were PDTC, 3 DHGTC (17,6%) and 11 (64,7%) non-HG-DTC. All the patients who died 213 

due to disease had documented metastasis; capsular invasion; AJCC pathological N1 214 

stage and absence of NRAS mutations. 215 

 The results of univariate survival analysis on DSS and DFS are shown in Table 2, and 216 

selected Kaplan–Meier curves are shown in Figure 2.  217 

Additional Kaplan–Meier curves for DSS and DFS are shown in Figure S1. 218 

Follow-up data was available for 133 patients, with a median follow-up of 6,54 years 219 

(range, 0,28-38,30 years).  220 

The overall 3-year; 5-year, 10-year and 20-year DSS rates in the whole series were: 221 

98%; 98%; 96% and 93%. However, in the DHGTC population, these rates were the fol- 222 

lowing: 91%; 91%; 86%; 86%. 223 

 No prognostic significance was found on univariate survival analysis of DFS and 224 

DSS within the following parameters: initial dose of RAI (as a continuous variable); treat- 225 

ment with TKI; size (as a continuous variable); mitosis (as a continuous variable <5/2 mm2 226 

vs ≥5/2 mm2); necrosis; capsular invasion; lymphovascular invasion; AJCC 8th pT stage 227 

(T1/T2 versus T3/T4); capsule status (infiltrative vs invasive); BRAF mutations; TERT pro- 228 

moter mutations and RAS mutations; age (categorical and as a continuous variable); sex; 229 

DHGTC vs non-HG-DTC classification; treatment with radiotherapy;; documented me- 230 

tastasis; lymph node metastasis; encapsulation; AJCC 8th pN stage (N0/Nx versus 231 

N1a/N1b). 232 

Prognostic factors identified on univariate analysis as impacting DFS were higher 233 

cumulative dose of RAI and microscopic ETE. Worse DSS was associated with tumor size 234 

>2 cm; presence of distant metastasis and absence of synchronous metastasis.  235 

The results of multivariate survival analysis with the Cox proportional hazards 236 

model are shown in Table 3.   237 

Independent prognostic factors for worse DFS were higher cumulative dose of RAI 238 

[P<0,001, HR=1,003, 95% CI (1,002-1,005)]; and microscopic ETE [P=0,007, HR=2,379, 95% 239 

CI (1,270-4,454)]. There were no significant independent prognostic factors for worse DSS. 240 

 Postoperative treatments such as radiotherapy and additional RAI administrations/ 241 

higher dosage were associated with decreased survival, owing to the selection bias of pa- 242 

tients with aggressive disease receiving additional therapy. 243 

Table 2. Univariate survival analysis for disease-free survival (DFS), and disease specific survival (DSS) in recurrent thyroid cancer 244 

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 245 
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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) 

 246 

Figure 2. Selected Kaplan–Meier curves for DFS and DSS in recurrent thyroid cancer 247 

3.3. Clinicopathological features, outcomes and prognostic factors of patients with DHGTC 248 

Patients with DHGTC have a significantly higher proportion of cases which devel- 249 

oped distant metastasis (45,5%) and synchronous metastasis (35,3%), in comparison to 250 

non-HG-DTC. All the DHGTC cases had capsular invasion and did not harbor NRAS mu- 251 

tations.  252 

Additionally, the deadly cases were all ≥55 years old; were not submitted to therapy 253 

with TKI; had documented metastasis; lymph node metastasis; AJCC pathological T3/T4 254 

stage and did not have TERT promoter mutations. 255 

The results of univariate survival analysis on DFS and DSS within the DHGTC sub- 256 

group are shown in Table 4. Kaplan–Meier curves for DFS and DSS are shown in Figure 257 

S2 and the results of multivariate survival analysis with the Cox proportional hazards 258 

model are shown in Table 5. 259 

P=0,005 P=0,014 

P=0,024 P=0,008 
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 260 

No prognostic significance was found on univariate survival analysis of the follow- 261 

ing parameters: age (categorical); age (as a continuous variable); sex; initial dose of RAI 262 

(as a continuous variable); treatment with radiotherapy; treatment with TKI; cumulative 263 

dose of RAI (as a continuous variable); size (categorical); size (as a continuous variable); 264 

mitosis (as a continuous variable); documented metastasis; distant metastasis; lymph 265 

node metastasis; synchronous metastasis; necrosis; encapsulation; capsular invasion; lym- 266 

phovascular invasion; AJCC 8th pT stage (T1/T2 versus T3/T4); AJCC 8th pN (N0/Nx ver- 267 

sus N1a/N1b); BRAF mutations; TERT promoter mutations and RAS mutations. 268 

 Prognostic factors identified on univariate analysis as disclosing worse DFS in 269 

DHGTC cases were microscopic ETE and infiltrative capsule status, but in multivariate 270 

analysis no significant independent prognostic factors for worse DFS were found. 271 

Table 4. Univariate survival analysis for disease-free survival (DFS), and disease specific survival (DSS) in recurrent DHGTC 272 

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 273 

DFS 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 274 

The clinical and pathological features of the 12 cases with RAIR (8,7%) are summa- 275 

rized in Table S1.  276 

The median age was 47,5 years (range, 15–74 years). There was a female predomi- 277 

nance, with a female/male ratio of 5:1. The median tumor size was 2,5 cm (range, 1,5-8 278 

cm). The most frequent diagnosis was PDTC, with 4 cases (33,3%), followed by classical 279 

and infiltrative follicular subtype of PTC, with 2 cases each (16,7%). The remaining diag- 280 

nostics were: oncocytic subtype of PTC; warthin-like subtype of PTC, oncocytic carci- 281 

noma of the thyroid; and follicular thyroid carcinoma, with 1 case (8,3%) each. 282 

Regarding the mitotic index, 6 cases (50%) displayed a mitotic index of over 5/2 283 

mm2, of which 3 (50%) were PDTC and the remaining 3 (50%) DHGTC. Tumor necrosis 284 

was present in 2 of these cases (16,7%), corresponding to PDTC. Two cases (18,2%) were 285 

partially encapsulated; all of them had capsular invasion; 8 (72,7%) presented with lym- 286 

phovascular invasion; 7 (63,6%) had microscopic extrathyroidal extension, more often to 287 

fibroadipose tissue (85,7%); 8 (72,7%) had infiltrative and 3 (27,3%) invasive capsule sta- 288 

tus; 8 (72,7%) presented with high AJCC 8th pT stage (T3/T4); 4 (33,3%) had pN1a/N1b 289 

AJCC 8th pN stage; 6 (54,4%) presented with the BRAF V600E mutation and 4 (33,3%) 290 

with TERT promoter mutations, of which 2 had the -124G>A mutation and the remain- 291 

ing the -146G>A mutation. 292 

Within the 12 cases with RAIR, all of them presented with distant metastasis, more 293 

often to the lungs (75%), but also to bone (33,3%), brain (8,3%) and kidney (8,3%). Seven 294 
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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 296 

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 5th 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 

DFS); 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 RAI. 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 5th 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: 536 

Table S1. Clinicopathologic characteristics of 138 patients with primarily resected RAIR thyroid cancer 537 

 

 

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 mm2) 

Median (range) 4,5 (1-8) 6 (5-6) 2 (1-3) 

<5  6 (50%) 0 (0%) 5 (100%) 

≥5  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%) 
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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 8th pT stage [n=11] 

pT1/T2 3 (27,3%) 0 (0%) 2 (40%) 

pT3/T4 8 (72,7%) 3 (100%) 3 (60%) 

AJCC 8th pN stage  

pN0/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)  10 (2,60-22,7) 3,53 (2,60-22,7) 9,97 (6,35-12,76) 

Median time until the first recurrence in 

months (range) 

10,2 (0,83-88,9) 9,3 (0,83-43,5) 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 RAI in millicuries 

[mCi] (range) 

728,5 (241-1094) 501 (498-659) 812 (241-1094) 
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Figure S1: Kaplan–Meier curves for DSS (A-G) and DFS (H) in the whole population 578 
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Figure S2: Kaplan–Meier curves for DSS (A-G) and DFS (H) within the DHGTC subgroup 622 
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REPORTING GUIDELINES- CHECKLIST 
 

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

 

 Item 

No Recommendation 

Page 

No 

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

abstract 

1 

(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 

reported 

2 

Objectives 3 State specific objectives, including any prespecified hypotheses 3 

Methods 

Study design 4 Present key elements of study design early in the paper 2 

Setting 5 Describe the setting, locations, and relevant dates, including periods of 

recruitment, exposure, follow-up, and data collection 

4 

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 

unexposed 

4 

Variables 7 Clearly define all outcomes, exposures, predictors, potential confounders, and 

effect modifiers. Give diagnostic criteria, if applicable 

4-5 

Data sources/ 

measurement 

8*  For each variable of interest, give sources of data and details of methods of 

assessment (measurement). Describe comparability of assessment methods if 

there is more than one group 

3 

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, 

describe which groupings were chosen and why 

4 

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

confounding 

5 

(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 

5 

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

(c) Consider use of a flow diagram  

Descriptive data 14* (a) Give characteristics of study participants (eg demographic, clinical, social) 

and information on exposures and potential confounders 

5-8 

(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 
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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 

5-8 

(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 

analyses 

6 

Discussion 

Key results 18 Summarise key results with reference to study objectives 12-

14 

Limitations 19 Discuss limitations of the study, taking into account sources of potential bias or imprecision. 

Discuss both direction and magnitude of any potential bias 

12-

14 

Interpretation 20 Give a cautious overall interpretation of results considering objectives, limitations, 

multiplicity of analyses, results from similar studies, and other relevant evidence 

14 

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 

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

14 

 

*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; (ii) 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 
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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 Universitário 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 

(131I) 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 (131I) 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 mm2] 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.” 
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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 RAI. 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 5th 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 Fundação para a Ciência 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—Consórcio PORTO.CCC—Porto. Comprehensive Cancer 

Center Raquel Seruca.” 
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