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Abstract: Background: The American Joint Commission on Cancer on Tumor Node Metastasis
(AJCC/TNM) staging system provides adequate information on the risk of differentiated thyroid
cancer (DTC)-specific mortality in totally thyroidectomized patients, but its role in predicting per-
sistence and relapse of disease is uncertain. The relatively new 2015 American Thyroid Association
(ATA) guidelines recommend stratifying patients at the time of DTC diagnosis with its own risk
classification system, in order to identify those at high risk of residual or recurrent morbidity who
may benefit from post-operative radioiodine (RAI) administration and/or need additional work-up.
Methods: To verify the prevalence proportion of persistence or relapse of disease, a consecutive cohort
of 152 patients with a diagnosis of DTC, subjected to total thyroidectomy (+/− post-operative RAI
administration as per guidelines indication) and to neck ultrasonography (US), as well as biochemical
surveillance for a minimum of 2 years at the Endocrinology Unit of Mater-Domini Hospital (Catan-
zaro, Italy), was enrolled. The prognostic role of the AJCC/TNM stage and ATA risk classification
system was analyzed by logistic regression. Results: At a mean of 9 years after surgical treatment,
DTC was found to persist or relapse in 19 (12.5%) participants. The initial risk for these outcomes,
based on the ATA classification, was mostly low (53.9%) or intermediate (39.5%). AJCC/TNM stages
were predominantly stage I or stage II. Despite a small representation in this cohort, high-risk pa-
tients according to the ATA classification had 8-fold higher odds of persistence or relapse of disease
than those of low-risk participants, while controlling for potential risk modifiers, including age at
DTC diagnosis, male gender, and post-operative RAI administration (p = 0.008). In contrast, the
AJCC/TNM stage was not associated with the disease status at the last follow-up visit (p = 0.068
for the 7th Edition; p = 0.165 for the 8th Edition). Furthermore, low-risk participants subjected to
post-operative RAI administration had the same probability of persistence or relapse of DTC when
compared to those who had undergone total thyroidectomy only. Conclusions: There is a need for
the endocrine community to revise the current work-up of DTC. The initial ATA risk classification is
a reliable tool for predicting the persistence or relapse of disease in long-term surveillance.

Keywords: differentiated thyroid cancer; prognostic factors; AJCC/TNM stage; ATA classification;
radioiodine

1. Introduction

Differentiated thyroid cancer (DTC) represents about 90% of all thyroid cancer cases
and is the first-leading endocrine malignancy [1]. In the last three decades, the widespread
diffusion of high sensitivity diagnostic tools, including neck/thyroid ultrasonography
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(US) and fine needle aspirations, has dramatically enhanced its diagnostic rates, especially
in women [1]. However, a large majority of these tumors have an excellent prognosis,
and mortality from DTC is generally regarded as a rare event (1.5% of all DTC cases in
the United States) [2]. Hence, there is a need for the endocrine community to revise the
diagnostic and therapeutic work-up of DTC in a more cost-effective manner, as many
thyroid tumors are indolent [3], and only a subgroup of patients would experience a failure
of conservative surgical treatment [4]. These individuals may more likely benefit from
aggressive interventions, including cervical lymph node dissection, and post-operative ra-
dioiodine (RAI) administration, as well as intense and prolonged neck US and biochemical
surveillance, in addition to total thyroidectomy [4,5].

The American Joint Commission on Cancer on Tumor Node Metastasis (AJCC/TNM)
staging system provides adequate information on the patient risk of DTC-specific mor-
tality [6], but its role in predicting persistence and relapse of disease, which are far more
frequent occurrences in the long-term clinical management of patients with DTC [7], is
uncertain. With respect to the 2010 version, the updated AJCC/TNM 8th Edition staging
system has introduced several changes, often resulting in the reclassification of patients into
lower risk categories (i.e., stage I or stage II) [8]. In particular, the age threshold to define
patients at high risk of DTC-related death (i.e., from 45 to 55 years) has been increased,
while the negative prognostic value of neck lymph node metastases and microscopic ex-
trathyroidal extension (ETE) in identifying patients at substantial risk of dying from thyroid
malignancies has been considerably reduced [6]. However, if it is important to assess the
clinical and pathological factors associated with DTC-specific mortality, the same should
be done with factors relevant to persistent or recurrent morbidity, as this outcome has
now gained the highest priority in the work-up of differentiated thyroid tumors [9]. In
this regard, the 2015 American Thyroid Association (ATA) guidelines recommend strat-
ifying patients at the time of DTC diagnosis with its own risk classification system, in
order to identify those at high risk of disease relapse and poor responders to conservative
management [10].

Thus, this retrospective-longitudinal study was aimed at verifying the prevalence
proportion of persistence or relapse of DTC in a consecutive cohort of patients subjected
to total thyroidectomy (+/− post-operative RAI administration as per guidelines indica-
tion [10,11]) at our tertiary care Institution who had undergone neck US and biochemical
surveillance for a minimum of 2 years. The role of both AJCC/TNM stage and ATA risk
stratification system in predicting these events was investigated as a secondary aim.

2. Patients and Methods
2.1. Study Participants

For this retrospective-longitudinal study, all the consecutive surgical patients with
DTC who have been managed at the tertiary care Mater-Domini Hospital of Catanzaro, Italy
(Endocrinology Unit) from 2005–2020 were assessed for participation eligibility. Exclusion
criteria were a final diagnosis of medullary thyroid carcinoma (MTC); partial thyroidectomy
as the surgical strategy of choice for the management of DTC; a duration of follow-up
shorter than 2 years and missing pre-operative clinical data. In order to limit selection
bias when addressing study outcomes, patients with an incidental histological diagnosis of
unifocal papillary thyroid carcinoma (PTC) of less than 10 mm diameter and considered
to be at very low risk of recurrence [10], were prevented from participating in this study.
Figure 1 illustrates the participant selection workflow which has been followed for our
retrospective analysis. Medical records of eligible participants with DTC, including PTC
subtypes, follicular thyroid carcinoma (FTC), and oncocytic carcinoma (OCA) histology as
per the recent WHO classification [12], who underwent total thyroidectomy and at least
2 years of follow-up visits, were reviewed by trained endocrinologists. Retrospectively
collected data included patient demographics, histological findings at the time of diagnosis
(i.e., maximum tumor size, tumor focality, DTC histology, presence of angioinvasion, ETE
(microscopic or gross), cervical lymph node status when dissection was performed), initial
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tumor stage (according to AJCC/TNM 7th and 8th Edition) and ATA risk category (low,
intermediate, or high) by malignant tumor features [10] and information on post-operative
RAI administration (generally not exceeding 100 mCi dose). Furthermore, duration of
follow-up and detailed information on response to therapy, based on periodical neck US
and biochemical evaluations and/or additional imaging findings, were collected in order
to assess the study outcomes.
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2.2. Outcome Assessment

Response to DTC therapy (subcategorized into excellent, indeterminate, biochemically
incomplete, and structurally incomplete, according to ATA guidelines [10]) was retrospec-
tively evaluated in a longitudinal manner (i.e., at the time of first evaluation after surgical
treatment and at the last follow-up visit) on the basis of available data in medical records.
As per ATA guidelines [10] and Italian national adaptations [11], standard of care of PTC,
FTC, and OCA in totally thyroidectomized patients at our Institution comprises the bio-
chemical evaluation of basal or stimulated serum thyroglobulin (Tg) on the fully automated
LIAISON XP Analyzer (DiaSorin S.p.A., Saluggia, Italy), and dosage of anti-Tg antibodies
with the ADVIA Centaur Immunoassay System (ADVIA Centaur, Siemens Healthcare Diag-
nostics Inc., Camberley, UK) at the near Clinical Pathology Unit (Mater-Domini Hospital of
Catanzaro), associated with neck US, while additional imaging tests are reserved to specific
cases. An excellent response indicates no clinical, biochemical, or neck US evidence of the
disease with basal serum Tg level < 0.2 ng/mL or stimulated serum Tg level of <1 ng/mL
and negative anti-Tg antibodies. An indeterminate response indicates a situation when
residual or recurrent disease cannot be definitely excluded because of a mild elevation of
serum Tg (i.e., basal Tg 0.2–1 ng/mL or stimulated Tg 1–10 ng/mL), positive anti-Tg anti-
bodies, and/or nonspecific imaging findings. A biochemically incomplete response refers to
a significant elevation of serum Tg (i.e., basal Tg > 1 ng/mL or stimulated Tg > 10 ng/mL)
in the absence of structural evidence of disease on neck US and/or other imaging tests. A
structurally incomplete response indicates the presence of disease on neck US and/or other
imaging tests, usually accompanied by a significant elevation of basal serum Tg or positive
anti-Tg antibodies [10,13]. Post-operative neck US sessions were conducted with the use
of a high-resolution System (10 MHz, Aplio XG, Model SSA 790A, Toshiba Corp., Tokyo,
Japan) by two clinically experienced endocrinologists, trained in cervical ultrasonography,
under routine medical practice conditions in all patients.

For the purpose of the study, patients with an excellent response to DTC therapy at the
last follow-up visit (i.e., after a minimum of 2 years since total thyroidectomy) were classi-
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fied as those with “no evidence of disease”. Patients with persistent biochemical/structural
incomplete response or with indeterminate response to DTC therapy at both time points,
and those switching from an excellent response at the time of the first evaluation to an
indeterminate response or biochemical/structural incomplete response at the last follow-up
visit, were classified as those with “persistence or relapse of disease”. No DTC-related
deaths occurred in this selected study population.

2.3. Statistical Analysis

In descriptive statistics, categorical and continuous variables were respectively ex-
pressed as numbers and percentages or as means and standard deviations (SD) with
interquartile ranges. In order to assess the relative risk of persistence or relapse of disease
in patients diagnosed with DTC and followed up for a minimum of 2 years, a series of
logistic regression models were calculated, using the initial ATA risk classification or the
AJCC/TNM stage (7th and 8th Edition) as the explanatory factors by adjusting for po-
tential confounders, identified by univariate analysis or knowledge of previous literature
reports [14,15]. Risk estimates were expressed as adjusted odds ratios (OR) with 95%
confidence intervals (CI). However, in view of the recent controversy about the role of
post-operative RAI administration in determining a better outcome for low-risk DTC [16],
and in the absence of clear and strict recommendations on its administration in current na-
tional and international guidelines [10,11], particular attention has been given to this factor.
Probabilities of persistent or recurrent morbidity as per post-operative RAI administration
in thyroid tumors categorizable as low-risk DTC (according to the initial ATA classification)
were compared with Fisher’s exact test. Statistical analysis was performed with JASP
Graphical Statistical Software Version 0.14.1 (University of Amsterdam, Amsterdam, The
Netherlands) based on R Stats packages. A significance level of p < 0.05 was set for a type I
error in all analyses.

3. Results
3.1. Characteristics of Participants and Prevalence Proportion of Persistence or Relapse of DTC

As shown in Figure 1, 152 patients subjected to total thyroidectomy due to DTC were
eligible for participation in this study. All of them were followed up for a minimum of
2 years since surgical treatment. Their clinical characteristics are shown in Table 1.

The mean age of participants at the time of DTC diagnosis was 43 years and 123 (80.9%)
were women. Histological examination revealed mostly PTC (92.1%), with a mean tumor
size (i.e., maximum diameter) of 25 mm. Almost a quarter of participants had multifocal
DTC (i.e., two or more tumor foci in the same thyroid lobe, or a bilateral DTC) and/or ETE.
Furthermore, 28 participants subjected to cervical lymph node dissection had microscopic
and/or macroscopic neck lymph node metastases. However, in consideration of their
relatively young age and reduced risk of DTC-related death using either 45 or 55 years
as the age thresholds for stage grouping, AJCC/TNM stages were mostly stage I (71.0%
according to the AJCC/TNM 7th Edition, 89.5% according to the AJCC/TNM 8th Edition).
The initial risk of participants for residual or recurrent morbidity, estimated at the time
of DTC diagnosis based on the ATA classification [10], was low (53.9%) or intermediate
(39.5%). Only 10 patients were classified as at high risk of persistence or relapse of DTC
because of clinical and/or pathological features. Post-operative RAI was administered to
131 (86.1%) patients.
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Table 1. Clinical and pathological data of 152 DTC patients submitted to total thyroidectomy with
or without post-operative radioiodine (RAI) administration. All patients were followed up for a
minimum of 2 years since surgical treatment.

Clinical and Pathological Characteristics N (%) or Mean ± SD (Range)

Female gender, N 123 (80.9)
Age at DTC diagnosis, yr 43 ± 14 (33–52)
Follow-up duration, yr 9.0 ± 6.2
Post-operative RAI administration, N 131 (86.1)
Multifocality, N 33 (21.7)
Lymph node metastases, N 28 (18.4)
Maximum tumor size, mm 25 ± 12.7 (15–30)
PTC histology, N

Aggressive subtypes *
139 (92.1)
25 (17.9)

FTC histology, N 7 (4.6)
OCA histology, N 6 (3.9)
Angioinvasion, N 16 (10.5)
Extrathyroidal extension, N

Microscopic
34 (22.3)
30 (88.2)

Initial risk category, N
AJCC/TNM 7th Edition

Stage I
Stage II
Stage III
Stage Iva
Stage IVb
Stage IVc

108 (71.0)
19 (12.5)
19 (12.5)

5 (3.3)
0 (0)

1 (0.7)
AJCC/TNM 8th Edition

Stage I
Stage II
Stage III
Stage IV
Stage IVb

136 (89.5)
14 (9.2)
1 (0.7)
0 (0)

1 (0.7)
ATA risk classification

Low
Intermediate
High

82 (53.9)
60 (39.5)
10 (6.6)

AJCC/TNM: American Joint Cancer Committee on tumor-node-metastasis stage; ATA: American Thyroid Associ-
ation; PTC: papillary thyroid carcinoma; FTC, follicular thyroid carcinoma; OCA, oncocytic carcinoma; N: number
of patients; yr: years. * Aggressive subtypes refer to PTC with tall cells, diffuse sclerosing, infiltrative follicular,
and/or solid/trabecular features [12].

Then, we addressed the prevalence proportion of persistence and/or relapse of dis-
ease at the last follow-up visit, grossly coincident with a mean of 9.0 years after surgical
treatment. DTC was found to persist or recur in 19 (12.5%) participants, which is similar to
the distribution of response observed at 3 years of follow-up in a recent prospective study
with low-risk patients [17] (Table 2).

Table 2. Disease status of study participants at last follow-up.

Disease Status N (%)

No evidence of disease 133 (87.5)
Persistence or relapse of disease (neck US or biochemical testing) 19 (12.5)

3.2. Outcome Assessments by ATA Risk Classification System and Other Prognostic Factors

Next, we investigated the differences in clinical and pathological factors in patients
stratified by disease status at the last follow-up visit. As shown in Supplementary Table
S1, patients with persistent or relapse of DTC differed from those with no evidence of
disease for a number of features. In particular, angioinvasion or ETE were far more frequent
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histological findings in those patients that went through persistence or relapse of DTC
during follow-up (8.2% vs. 26.3% for angioinvasion, p = 0.017; 18.7 vs. 47.3% for ETE,
p = 0.005). Furthermore, stage grouping according to the AJCC/TNM (7th and 8th Edition),
significantly differed between patients with no evidence of disease with respect to those
experiencing the persistence or relapse of DTC at the last evaluation, predominantly
related to changes in the distribution of stage I and stage II cases (both indicative of a
non-disseminated cancer condition at the time of diagnosis). As expected, since the ATA
classification has been modeled to reflect tumor biology and predict DTC recurrence as
a continuum of risk that ranges from less to 1% in very low-risk patients to over 50%
in high-risk patients [10], the proportions of patients grouped into this three-tier system
significantly differed based on disease outcomes. In fact, while over half of participants
with an excellent response to therapy could be classified as at low risk, more than 70% of
those experiencing persistence or relapse of disease were at intermediate or at high risk at
the time of first evaluation (p = 0.004).

As the initial staging is used to guide treatment decisions (i.e., the need for adjuvant
RAI), we validated and quantified the prognostic role of the ATA classification with lo-
gistic regression models by controlling for potential risk modifiers, including age at DTC
diagnosis, post-operative RAI administration, and male gender, which tended to be more
prevalent in patients experiencing persistence or recurrence of disease at univariate analysis
and in previous works (Supplementary Table S1) [14,15]. As shown in Table 3, the odds
of persistence or relapse of disease in patients at high risk according to ATA classification
were 8-fold higher than those of low-risk participants (p = 0.008), notwithstanding wide
confidence bounds in view of the limited data.

Table 3. Relative risk of persistence or relapse of disease at last follow-up as per initial ATA risk
classification.

ATA Risk Classification Patients with Persistent or
Recurrent Disease, N (%) OR (95%CI) p-Value

Low 5 (6.1) Reference -
Intermediate 10 (16.7) 2.722 (0.842–8.800) 0.094
High 4 (40.0) 9.223 (1.792–47.465) 0.008

Age at DTC diagnosis, male gender, and adjuvant RAI ablation have been included as covariates in the logistic
regression model. Bold values denote statistical significance at p level < 0.05.

While all patients at high risk according to the ATA classification were subjected to
post-operative RAI administration, a fraction of low-risk participants, and a minority of
those at intermediate risk, were managed with surgery only. If there is a consensus in ATA
guidelines to avoid post-operative RAI administration in patients with unifocal PTC of
less than 10 mm diameter (excluded from the present study), the recommendations for
adjuvant RAI ablation of the remaining normal thyroid tissue in low-risk DTC are more
controversial due to a lack of strong evidence for benefits [10]. In agreement with a recent,
and already mentioned, prospective study on this topic [17], low-risk participants subjected
to post-operative RAI administration in our work had the same probabilities of persistence
or relapse of DTC at follow-up when compared to those subjected to total thyroidectomy
only (Table 4).

Table 4. Relative risk of persistence or relapse of disease at last follow-up as per post-operative RAI
administration in DTC stratified by initial ATA risk classification.

ATA Risk
Classification

Patients Subjected to
RAI, N (%)

Risk of Persistence or Relapse of
DTC with RAI, N (%)

Risk of Persistence or Relapse of
DTC without RAI, N (%) p-Value

Low 65 (79.2) 4/65 (6.2) 1/15 (6.7) 1.000
Intermediate 56 (93.4) 10/56 (17.8) 0/2 (0.0) 1.000
High 10 (100) 4/10 (40) n.a. n.a.

p-value calculations have been performed with Fisher’s exact test.
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Finally, we investigated the significance of the AJCC/TNM stage (historically intro-
duced as a clinical and pathological tool for selecting patients at high risk of disease-specific
death [6,8]) in predicting persistent or recurrent morbidity in patients with DTC (Table 5).
Patients classified as stage III or IV according to the AJCC/TNM 7th Edition were estimated,
with borderline significance, to have almost 2-fold higher odds of persistence or relapse of
disease with respect to those grouped into lower risk categories (p = 0.068). Conversely,
the updated AJCC/TNM 8th Edition was not associated with disease status at the last
follow-up (p = 0.165), given that 18 out of 19 events occurred in participants classified as
stage I or II, which comprise the almost totality of patients with DTC that are routinely
managed at our Endocrinology Unit (Table 1) and other institutions [6,8,18].

Table 5. Relative risk of persistence of relapse of disease at last follow-up as per AJCC/TNM stage.

AJCC/TNM
7th Edition

Patients with Persistent or
Recurrent Disease, N (%) OR (95%CI) p-Value AJCC/TNM 8th

Edition
Patients with Persistent or
Recurrent Disease, N (%) OR (95%CI) p-Value

Stage I-II 13 (10.3) Reference - Stage I–II 18 (12.0) Reference -

Stage III-IV 6 (24.0) 2.745
(0.930–8.103) 0.068 Stage III–IV 1 (50.0) 7.3

(0.439–122.443) 0.165

Due to the relative sample size, AJCC/TNM stages I, II and III, IV have been grouped to calculate risk estimates.

4. Discussion

In an effort to predict how patients with DTC will respond to the initial surgical
treatment in terms of residual or recurrent morbidity, the 2015 ATA guidelines recommend
their categorization into a three-tier classification system, by capturing the malignant
biological features of a tumor at the time of diagnosis (i.e., maximum tumor size, presence
of aggressive histological subtypes, presence of large cervical lymph node metastases,
angionvasion, ETE, and/or distant metastasis) [10]. Each ATA risk category is associated
with an estimated rate of tumor relapse, whose chance ranges from very low to high [10].

Shortly after its introduction in the routine endocrinological practice, the prognos-
tic role of the ATA risk classification has been validated by a number of retrospective,
single-center studies [13,19], other than a recent prospective multicentric investigation
in Italy [20]. However, none of these has specifically involved patients from Calabria, a
Southern Mediterranean region characterized by a former iodine deficit and a relatively
high incidence of DTC [1]. Furthermore, the relatively short duration of follow-up in some
of the previous works might have been inadequate to secure all the events associated with
recurrence of disease after an initial excellent response to DTC therapy (i.e., switch to a
biochemically incomplete or an indeterminate response) [19,20]. Herein, by specifically
selecting a patient population managed at our Endocrinology Unit for an extended period
of time, and while controlling for potential confounders, we demonstrate that an initial
high-risk category according to the ATA classification matches well with poor response to
treatment in the long run.

In our retrospective-longitudinal study, the initial ATA risk of persistence or re-
lapse of disease was classified as low in 53.9% of participants and intermediate in 39.5%,
closely resembling the distribution of the initial ATA estimates of risks for DTC persis-
tence/recurrence among patients attending other endocrinology clinics in Italy examined
by Grani et al. [20]. In such an instance, the DTC cases, classified as indeterminate or
high-risk because of clinical and pathological factors, have been reported to possess a
significantly higher probability of a “less-than-excellent response” (i.e., indeterminate, or
biochemically incomplete or structurally incomplete) at one year of prospective follow-up,
with respect to low-risk ones [20], which agrees with our findings, as well as with the
estimates of tumor relapse rates anticipated by the ATA classification itself [10].

Still, for the interpretation of our results, it might be relevant to also consider the efforts
made by other groups to understand the natural course of the different statuses of response
to DTC therapy after the initial management over time [13]. Indeed, the risk stratification
concepts of the ATA guidelines are intended to guide the choice of additional work-up, as
well as the intensity and frequency of surveillance, after the initial management, tailored on
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the basis of available clinical image and biochemical data at the time of evaluation [10]. The
use of this “dynamic” strategy for risk assessment is crucial to avoid overtreatment and
intensive follow-up for the vast majority of patients who will have a very good prognosis,
and, on the other hand, it allows to focus aggressive interventions (i.e., extensive surgery
or post-operative RAI administration) and/or surveillance on those who will have a worse
prognosis, in terms of recurrence, progression or mortality [19]. Nevertheless, notwith-
standing a late tendency toward a more conservative surgical management in case of very
low-risk papillary tumors [4], total thyroidectomy (with or without cervical lymph node
dissection) followed by adjuvant RAI remains the most commonly practiced intervention
for intermediate and high-risk patients with DTC and even for a good proportion of those
considered to be at low-risk according to the initial ATA classification [21]. That said, in
a recent retrospective, single-center study in the Middle East [13], the status of response
to DTC therapy at the first evaluation after the initial management, consisting of total
thyroidectomy and post-operative RAI administration, has been found predictive of the
status of response at the last follow-up visit (without any additional therapy) after a median
interval of 8 years. Coincidently, the initial ATA classification was highly predictive of the
long-term outcome in these patients, with reports of 16.6% and 4.9% of indeterminate- and
low-risk DTC cases, respectively, going through persistence or relapse of disease, which
coincides with our results at a mean of 9 years of follow-up [13].

In this work, we had also the opportunity to corroborate new evidence from the
ESTIMABL2 trial [17], assessing the prognostic role of adjuvant RAI in low-risk DTC
with a prospective randomized design. Patients with low-risk DTC subjected to total
thyroidectomy showed no improvements in outcomes (i.e., persistence or relapse of disease
during 3 years of observation) with post-operative RAI administration compared to those
managed with surgery only [17]. Taken as a whole, both our real-world data and the
ESTIMABL2 [17] suggest that low-risk patients should be spared this common additional
treatment and that there is a need to revise the 2015 ATA guidelines, providing now strong
recommendations against the use of post-operative RAI for low-risk DTC [16].

Previous retrospective studies have already questioned the usefulness of post-operative
RAI administration in reducing DTC-related death or the occurrence of functional, struc-
tural, and biologic events according to patient’s risk stratification, yielding conflicting
results when low-risk DTC was considered [22]. However, in most cases, patient’s risk
of disease recurrence was based on the classic clinical and pathological AJCC/TNM stag-
ing system and not on the, relatively new, ATA classification [10]. Thus, our work has
made it possible to enhance the knowledge of this issue. In this respect, the AJCC/TNM
7th Edition stage, but not the updated 8th Edition, has been found predictive of risk of
persistence or relapse of DTC in several investigations [6,23,24]. These findings have been
replicated, at least to some extent, also in our work. Prognostic differences between the
7th and 8th Editions of the AJCC/TNM staging system can be largely attributed to changes
in the age thresholds that define patients at substantial risk of DTC-related mortality, and
to a less extent to changes in specific tumor features [6,23,24]. In any case, by leading to the
downstaging of a large group of patients with DTC (i.e., aged between 45 and 55 years and
estimated to be at low risk of death from thyroid malignancies), the AJCC/TNM 8th Edition
may induce endocrinologists to overlook those predisposed to structural or biochemical
recurrence, potentially causing some uncertainties during the initial therapeutic decision-
making [6,24,25]. As the high clinical burden associated with persistence or relapse of DTC,
which were not negligible events in our relatively young population (i.e., 12.5%), could
be avoided with proper patient management, it was important to clarify the prognostic
relevance of both systems (i.e., the ATA risk category and the AJCC/TNM stage) in the
initial classification of tumor aggressiveness.

We are aware that this study is not void of limitations, mostly related to its retrospective
observational design and limited sample size, which may have reduced the power of
statistical analyses. Furthermore, no data on molecular profiling of preoperative thyroid
FNA samples could be available for risk stratification, as those additional analyses were not
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covered by national reimbursement policies during the study period. However, in view of
its single-center tertiary care setting, our study has the advantage of a long follow-up of a
homogeneous population, both in genetical terms [26], strategies for assessing the response
to DTC therapy (i.e., laboratory determinations of serum Tg and anti-Tg antibodies) [20],
and initial therapeutic management [27], thereby preventing the rise of potential biases
when interpreting the results.

In conclusion, our data add up to the evidence indicating the need for an optimal risk
determination at the time of diagnosis to improve the current work-up of DTC, as it may
help reduce the access to post-operative RAI in low-risk patients without the negative effects
of poor disease control. The initial ATA classification, but not the updated AJCC/TNM 8th
Edition stage, can predict the persistence or relapse of DTC in long-term surveillance, an
endocrinological problem far more common than disease-related death.

Supplementary Materials: The following supporting information can be downloaded at: https:
//www.mdpi.com/article/10.3390/endocrines3030041/s1, Supplementary Table S1: Clinical and
pathological data of 152 DTC patients stratified by disease status at last follow-up.

Author Contributions: Conceptualization, S.G., M.M. and E.C.; methodology, S.G., V.T., A.D. and
S.I.; formal analysis, M.M., E.C. and A.S.; writing—original draft preparation, M.M.; writing—review
and editing, E.C., D.P.F., A.A. and A.B.; supervision, A.B.; project administration, A.B. All authors
have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and complies with principles of Good Clinical Practice. Data collection was
approved by the ethics committee of Regione Calabria Sezione Area Centro (protocol registry no. 343
of 21 November 2019) and performed by endocrine researchers directly accessing to medical records.

Informed Consent Statement: As the data were analyzed anonymously, and in consideration of the
retrospective observational nature of the study, written informed consent from participants was waived.

Data Availability Statement: Data supporting the reported results are available from the correspond-
ing Author upon request.

Acknowledgments: We are grateful to all study participants and staff members of the Endocrinology
Unit (Mater-Domini Hospital, Catanzaro, Italy) for making our data acquisition easier. Abstract of
this work has been presented at the 2022 National Congress of the Oncological Endocrinology Club
SIE (Italian Society of Endocrinology).

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

References
1. Giuliano, S.; Mirabelli, M.; Chiefari, E.; Vergine, M.; Gervasi, R.; Brunetti, F.S.; Innaro, N.; Donato, G.; Aversa, A.; Brunetti,

A. Malignancy Analyses of Thyroid Nodules in Patients Subjected to Surgery with Cytological- and Ultrasound-Based Risk
Stratification Systems. Endocrines 2020, 1, 102–118. [CrossRef]

2. Kim, S.J.; Myong, J.P.; Suh, H.; Lee, K.E.; Youn, Y.K. Optimal Cutoff Age for Predicting Mortality Associated with Differentiated
Thyroid Cancer. PLoS ONE 2015, 10, e0130848. [CrossRef]

3. Van Den Heede, K.; Tolley, N.S.; Di Marco, A.N.; Palazzo, F.F. Differentiated Thyroid Cancer: A Health Economic Review. Cancers
2021, 13, 2253. [CrossRef] [PubMed]

4. Arrigoni, G.; Crosetti, E.; Freddi, M.; Piovesan, A.; Rossetto Giaccherino, R.; Succo, G.; Palestini, N. Comparison between 2015
ATA guidelines and Italian Consensus for DTC management. A commented report. Acta Otorhinolaryngol. Ital. 2022, 42, 41–54.
[CrossRef] [PubMed]

5. Lamartina, L.; Handkiewicz-Junak, D. Follow-up of low risk thyroid cancer patients: Can we stop follow-up after 5 years of
complete remission? Eur. J. Endocrinol. 2020, 182, D1–D16. [CrossRef] [PubMed]

6. Manzardo, O.A.; Cellini, M.; Indirli, R.; Dolci, A.; Colombo, P.; Carrone, F.; Lavezzi, E.; Mantovani, G.; Mazziotti, G.; Arosio, M.; et al.
TNM 8th edition in thyroid cancer staging: Is there an improvement in predicting recurrence? Endocr.-Relat. Cancer 2020, 27, 325–336.
[CrossRef]

7. Kloos, R.T.; Mazzaferri, E.L. A single recombinant human thyrotropin-stimulated serum thyroglobulin measurement predicts
differentiated thyroid carcinoma metastases three to five years later. J. Clin. Endocrinol. Metab. 2005, 90, 5047–5057. [CrossRef]

https://www.mdpi.com/article/10.3390/endocrines3030041/s1
https://www.mdpi.com/article/10.3390/endocrines3030041/s1
http://doi.org/10.3390/endocrines1020010
http://doi.org/10.1371/journal.pone.0130848
http://doi.org/10.3390/cancers13092253
http://www.ncbi.nlm.nih.gov/pubmed/34067214
http://doi.org/10.14639/0392-100X-N1572
http://www.ncbi.nlm.nih.gov/pubmed/35292787
http://doi.org/10.1530/EJE-19-0960
http://www.ncbi.nlm.nih.gov/pubmed/32197235
http://doi.org/10.1530/ERC-19-0412
http://doi.org/10.1210/jc.2005-0492


Endocrines 2022, 3 521

8. Kim, T.H.; Kim, Y.N.; Kim, H.I.; Park, S.Y.; Choe, J.H.; Kim, J.H.; Kim, J.S.; Oh, Y.L.; Hahn, S.Y.; Shin, J.H.; et al. Prognostic value
of the eighth edition AJCC TNM classification for differentiated thyroid carcinoma. Oral Oncol. 2017, 71, 81–86. [CrossRef]

9. Ge, M.H.; Cao, J.; Wang, J.Y.; Huang, Y.Q.; Lan, X.B.; Yu, B.; Wen, Q.L.; Cai, X.J. Nomograms predicting disease-specific regional
recurrence and distant recurrence of papillary thyroid carcinoma following partial or total thyroidectomy. Medicine 2017, 96, e7575.
[CrossRef]

10. Haugen, B.R.; Alexander, E.K.; Bible, K.C.; Doherty, G.M.; Mandel, S.J.; Nikiforov, Y.E.; Pacini, F.; Randolph, G.W.; Sawka,
A.M.; Schlumberger, M.; et al. 2015 American Thyroid Association Management Guidelines for Adult Patients with Thyroid
Nodules and Differentiated Thyroid Cancer: The American Thyroid Association Guidelines Task Force on Thyroid Nodules and
Differentiated Thyroid Cancer. Thyroid 2016, 26, 1–133. [CrossRef]

11. Pacini, F.; Basolo, F.; Bellantone, R.; Boni, G.; Cannizzaro, M.A.; De Palma, M.; Durante, C.; Elisei, R.; Fadda, G.; Frasoldati,
A.; et al. Italian consensus on diagnosis and treatment of differentiated thyroid cancer: Joint statements of six Italian societies.
J. Endocrinol. Investig. 2018, 41, 849–876. [CrossRef] [PubMed]

12. Baloch, Z.W.; Asa, S.L.; Barletta, J.A.; Ghossein, R.A.; Juhlin, C.C.; Jung, C.K.; LiVolsi, V.A.; Papotti, M.G.; Sobrinho-Simões, M.;
Tallini, G.; et al. Overview of the 2022 WHO Classification of Thyroid Neoplasms. Endocr. Pathol. 2022, 33, 27–63. [CrossRef]
[PubMed]

13. Mukhtar, N.; Aljamei, H.; Aljomaiah, A.; Moria, Y.; Alzahrani, A.S. Natural Course of the American Thyroid Association Response
to Therapy Statuses (Dynamic Risk Stratification) in Differentiated Thyroid Cancer. Eur. Thyroid J. 2020, 10, 198–207. [CrossRef]
[PubMed]

14. Zahedi, A.; Bondaz, L.; Rajaraman, M.; Leslie, W.D.; Jefford, C.; Young, J.E.; Pathak, K.A.; Bureau, Y.; Rachinsky, I.; Badreddine,
M.; et al. Risk for Thyroid Cancer Recurrence Is Higher in Men Than in Women Independent of Disease Stage at Presentation.
Thyroid 2020, 30, 871–877. [CrossRef]

15. Shah, S.; Boucai, L. Effect of Age on Response to Therapy and Mortality in Patients with Thyroid Cancer at High Risk of
Recurrence. J. Clin. Endocrinol. Metab. 2018, 103, 689–697. [CrossRef]

16. Cooper, D.S. Radioiodine for Low-Risk Thyroid Cancer-the Swinging Pendulum. N. Engl. J. Med. 2022, 386, 990–991. [CrossRef]
17. Leboulleux, S.; Bournaud, C.; Chougnet, C.N.; Zerdoud, S.; Al Ghuzlan, A.; Catargi, B.; Do Cao, C.; Kelly, A.; Barge, M.L.; Lacroix,

L.; et al. Thyroidectomy without Radioiodine in Patients with Low-Risk Thyroid Cancer. N. Engl. J. Med. 2022, 386, 923–932.
[CrossRef]

18. Alzahrani, A.S.; Albalawi, L.; Mazi, S.; Mukhtar, N.; Aljamei, H.; Moria, Y.; Elsayed, T.; Amer, L.; Alanazi, F.; Alnasser, L.; et al.
How Does The AJCC/TNM Staging System Eighth Edition Perform in Thyroid Cancer at A Major Middle Eastern Medical
Center? Endocr. Pract. 2021, 27, 607–613. [CrossRef]

19. Pitoia, F.; Jerkovich, F. Dynamic risk assessment in patients with differentiated thyroid cancer. Endocr. Relat. Cancer 2019, 26,
R553–R566. [CrossRef]

20. Grani, G.; Zatelli, M.C.; Alfò, M.; Montesano, T.; Torlontano, M.; Morelli, S.; Deandrea, M.; Antonelli, A.; Francese, C.; Ceresini, G.;
et al. Real-World Performance of the American Thyroid Association Risk Estimates in Predicting 1-Year Differentiated Thyroid
Cancer Outcomes: A Prospective Multicenter Study of 2000 Patients. Thyroid 2021, 31, 264–271. [CrossRef]

21. Lamartina, L.; Durante, C.; Lucisano, G.; Bellantone, R.; Lombardi, C.P.; Pontecorvi, A.; Arvat, E.; Felicetti, F.; Zatelli, M.C.; Rossi,
R.; et al. Are Evidence-Based Guidelines Reflected in Clinical Practice? An Analysis of Prospectively Collected Data of the Italian
Thyroid Cancer Observatory. Thyroid 2017, 27, 1490–1497. [CrossRef] [PubMed]

22. Lamartina, L.; Durante, C.; Filetti, S.; Cooper, D.S. Low-risk differentiated thyroid cancer and radioiodine remnant ablation: A
systematic review of the literature. J. Clin. Endocrinol. Metab. 2015, 100, 1748–1761. [CrossRef] [PubMed]

23. Maggiore, R.; Perticone, F.; Mari, G.; Pasquali, R.; Bosi, E.; Scavini, M.; Lanzi, R.; Rosati, R. Impact of the 8th Edition of the
AJCC-TNM Staging System on Estimated Cancer-Specific Survival in Patients Aged 45-54 Years at Diagnosis with Differentiated
Thyroid Carcinoma: A Single Center Report. Int. J. Endocrinol. 2021, 2021, 8820364. [CrossRef]

24. Casella, C.; Ministrini, S.; Galani, A.; Mastriale, F.; Cappelli, C.; Portolani, N. The New TNM Staging System for Thyroid Cancer
and the Risk of Disease Downstaging. Front. Endocrinol. 2018, 9, 541. [CrossRef] [PubMed]

25. Thewjitcharoen, Y.; Chatchomchuan, W.; Karndumri, K.; Porramatikul, S.; Krittiyawong, S.; Wanothayaroj, E.; Butadej, S.; Nakasatien,
S.; Veerasomboonsin, V.; Kanchanapituk, A.; et al. Impacts of the American Joint Committee on Cancer (AJCC) 8th edition tumor,
node, metastasis (TNM) staging system on outcomes of differentiated thyroid cancer in Thai patients. Heliyon 2021, 7, e06624.
[CrossRef]

26. Tocci, V.; Mirabelli, M.; Giuliano, S.; Chiefari, E.; Hagelskjær Knudsen, J.; Kvistgaard, H.; La Torre, D.; Aversa, A.; Foti, D.P.;
Hvarregaard Christensen, J.; et al. A Partial Phenotype of adFNDI Related to the Signal Peptide c.55G>A Variant of the AVP
Gene. Endocrines 2021, 2, 37–43. [CrossRef]

27. Rachinsky, I.; Rajaraman, M.; Leslie, W.D.; Zahedi, A.; Jefford, C.; McGibbon, A.; Young, J.E.; Pathak, K.A.; Badreddine, M.; De
Brabandere, S.; et al. Regional Variation across Canadian Centers in Radioiodine Administration for Thyroid Remnant Ablation
in Well-Differentiated Thyroid Cancer Diagnosed in 2000–2010. J. Thyroid Res. 2016, 2016, 2867916. [CrossRef]

http://doi.org/10.1016/j.oraloncology.2017.06.004
http://doi.org/10.1097/MD.0000000000007575
http://doi.org/10.1089/thy.2015.0020
http://doi.org/10.1007/s40618-018-0884-2
http://www.ncbi.nlm.nih.gov/pubmed/29729004
http://doi.org/10.1007/s12022-022-09707-3
http://www.ncbi.nlm.nih.gov/pubmed/35288841
http://doi.org/10.1159/000511708
http://www.ncbi.nlm.nih.gov/pubmed/34178705
http://doi.org/10.1089/thy.2018.0775
http://doi.org/10.1210/jc.2017-02255
http://doi.org/10.1056/NEJMe2200665
http://doi.org/10.1056/NEJMoa2111953
http://doi.org/10.1016/j.eprac.2020.11.018
http://doi.org/10.1530/ERC-19-0213
http://doi.org/10.1089/thy.2020.0272
http://doi.org/10.1089/thy.2017.0299
http://www.ncbi.nlm.nih.gov/pubmed/29020892
http://doi.org/10.1210/jc.2014-3882
http://www.ncbi.nlm.nih.gov/pubmed/25679996
http://doi.org/10.1155/2021/8820364
http://doi.org/10.3389/fendo.2018.00541
http://www.ncbi.nlm.nih.gov/pubmed/30279679
http://doi.org/10.1016/j.heliyon.2021.e06624
http://doi.org/10.3390/endocrines2010004
http://doi.org/10.1155/2016/2867916

	Introduction 
	Patients and Methods 
	Study Participants 
	Outcome Assessment 
	Statistical Analysis 

	Results 
	Characteristics of Participants and Prevalence Proportion of Persistence or Relapse of DTC 
	Outcome Assessments by ATA Risk Classification System and Other Prognostic Factors 

	Discussion 
	References

