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Background: One of the most widely used risk stratification systems for estimating individual patients’ risk of
persistent or recurrent differentiated thyroid cancer (DTC) is the American Thyroid Association (ATA)
guidelines. The 2015 ATA version, which has increased the number of patients considered at low or inter-
mediate risk, has been validated in several retrospective, single-center studies. The aims of this study were to
evaluate the real-world performance of the 2015 ATA risk stratification system in predicting the response to
treatment 12 months after the initial treatment and to determine the extent to which this performance is affected
by the treatment center in which it is used.
Methods: A prospective cohort of DTC patients collected by the Italian Thyroid Cancer Observatory web-based
database was analyzed. We reviewed all records present in the database and selected consecutive cases that
satisfied inclusion criteria: (i) histological diagnosis of DTC, with the exclusion of noninvasive follicular
thyroid neoplasm with papillary-like nuclear features; (ii) complete data of the initial treatment and pathological
features; and (iii) results of 1-year follow-up visit (6–18 months after the initial treatment), including all data
needed to classify the estimated response to treatment.
Results: The final cohort was composed of 2071 patients from 40 centers. The ATA risk of persistent/recurrent
disease was classified as low in 1109 patients (53.6%), intermediate in 796 (38.4%), and high in 166 (8.0%).
Structural incomplete responses were documented in only 86 (4.2%) patients: 1.5% in the low-risk, 5.7% in the
intermediate-risk, and 14.5% in the high-risk group. The baseline ATA risk class proved to be a significant
predictor of structural persistent disease, both for intermediate-risk (odds ratio [OR] 4.67; 95% confidence
interval [CI] 2.59–8.43) and high-risk groups (OR 16.48; CI 7.87–34.5). Individual center did not significantly
influence the prediction of the 1-year disease status.
Conclusions: The ATA risk stratification system is a reliable predictor of short-term outcomes in patients with
DTC in real-world clinical settings characterized by center heterogeneity in terms of size, location, level of care,
local management strategies, and resource availability.

Keywords: differentiated thyroid cancer, evidence-based guidelines, clinical practice, risk stratification

Introduction

Most cases of differentiated thyroid cancer (DTC)
currently diagnosed display indolent clinical behavior

and are associated with very low mortality rates. Therefore, a
more conservative approach in DTC management, with
less extensive surgery, more selective use of radioactive
iodine and less intensive follow-up protocols, is being re-
commended (1).

The aim is to avoid subjecting low-risk patients to unnec-
essary diagnostic procedures and overtreatment without re-
ducing the chances of identifying those rare cancers that are
likely to require more aggressive management (2). To facili-
tate this process, several scientific societies have developed
tools for the prognostic stratification of patients with DTC.
One of the most widely used is that developed by the American
Thyroid Association (ATA), which aids clinicians in esti-
mating individual patients’ risk of persistent or recurrent dis-
ease (3). Its usefulness in these settings has been demonstrated
by several retrospective, single-center studies (4).

A revised version of this system was included in the ATA
guidelines published in 2016 (1). The criteria for classifying
the risk of recurrence as high in this version are substantially
more restrictive compared with the previous ones and, as a
result, the number of patients who will be considered at low
or intermediate risk has increased. The updated stratifica-
tion system has also been validated in several retrospective
cohort studies in different parts of the world. Most of these
studies, however, were conducted at single health care fa-
cilities that served as a referral center for patients with thyroid
cancer (5–7), and it is unclear whether their findings reflect
the performance of the system in real-world, heterogeneous
clinical settings. New data, ideally from prospective, multi-

center studies, are needed to better define the impact of the
recent revisions on the system’s ability to predict post-
treatment DTC evolution, fundamental information for
developing cost-effective follow-up strategies.

In this prospective cohort study, we analyzed data of
over 2000 cases of DTCs managed in 40 diverse health
care settings in Italy. Our aims were as follows: (i) to eval-
uate the performance of the 2015 ATA risk stratification
system in predicting the response to treatment documented
*12 months after the initial disease treatment; and (ii) to
determine the extent to which this performance is affected
by the treatment center itself.

Methods

The Italian Thyroid Cancer Observatory (ITCO) web-
based database was opened in 2013 at the Thyroid Cancer
Center of the Sapienza University of Rome (the network’s
coordinating center). Since then, it expanded to 49 other
thyroid cancer centers in the country that joined the network
(8). The database now includes prospectively collected data
on nearly 7000 patients with histologically confirmed diag-
noses of differentiated, medullary, poorly differentiated, or
anaplastic thyroid cancer. Cases are inputted in the database
at the time of the initial treatment in the reporting ITCO
center, or when the patient begins follow-up in the reporting
center within 12 months after undergoing initial treatment in
a non-ITCO center.

Each case record contains information on patient demo-
graphics and biometrics, circumstances of the diagnosis, tu-
mor pathology, surgical and radioactive iodine (RAI)
treatments, as well as the results of periodic follow-up ex-
aminations. The ITCO provides no guidance or restrictions in
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terms of patient management to the participating centers,
since the database is designed to provide a picture of real-
world practices. Sensitive patient data are encrypted, and the
database is anonymously managed for statistical analysis.

For the purposes of the present study, we reviewed all
records present in the database and selected consecutive
cases that satisfied the following criteria: (i) histological di-
agnosis of DTC—papillary thyroid cancer (PTC), follicular
thyroid cancer (FTC), and poorly DTCs and their variants
(with the exclusion of noninvasive follicular thyroid neo-
plasm with papillary-like nuclear features (NIFTP); (ii)
availability of all information on the initial treatment and
pathological characteristics of the tumor required for the
ATA recurrence risk assessment; and (iii) results of the 1-
year follow-up visit (carried out 6–18 months after the initial
treatment), including all data needed to classify the estimated
response to treatment.

For each case, we recorded the following information.

Initial treatment

Treatment of the primary tumor was classified as thyroid
lobectomy or total thyroidectomy. The latter category also in-
cluded patients who had had a completion thyroidectomy
following thyroid lobectomy. For all patients who had to-
tal thyroidectomy, we also recorded the use of radioactive
iodine remnant ablation (RRA) as performed or not performed.
Cervical lymph node dissection, when performed, was de-
scribed as central compartment dissection, lateral compartment
dissection, or both.

Risk of persistent or recurrent disease

The estimated level of risk was determined by the study team
in accordance with the 2009 ATA guidelines (3) and relevant

modifications in the 2015 update (1). Classification was based
on the data available immediately after the initial treatment
(Fig. 1). When treatment consisted of lobectomy followed by
completion thyroidectomy, we considered pathologic data on
tissues collected during both surgical procedures. PTCs re-
garded as ‘‘aggressive’’ were those with (i) solid, insular, tall-
cell, columnar-cell, hobnail-cell, sclerosing, or poorly differ-
entiated histologic subtypes, or (ii) evidence of intratumoral
blood vessel invasion (regardless of histologic subtype).

Responses to the initial treatment

These were classified as excellent, biochemical incom-
plete, structural incomplete, or indeterminate on the basis of
data collected during the clinical evaluation carried out at
the 1-year follow-up visit. These data included imaging
findings (cervical ultrasound in all patients, and RAI scin-
tigraphy in selected individuals), basal or stimulated serum
thyroglobulin (Tg) levels, and anti-Tg antibody (TgAb) lev-
els. Additional imaging studies were performed at the clini-
cians’ discretion. The results were classified as specified in
the ATA guidelines (1) for patients who had undergone
thyroidectomy followed by RRA, and as advocated by the
European Society for Medical Oncology (9) for those whose
initial treatment consisted of surgery alone (thyroidectomy
or lobectomy) (Supplementary Table S1).

Cervical lymph nodes with highly suspicious features on
ultrasonography, as defined by the European Thyroid Asso-
ciation guidelines (10), were considered imaging evidence of
persistent disease; those displaying low-suspicion features
were classified as nonspecific imaging findings (11). Suspi-
cious findings of other imaging studies were classified by the
treating physicians. The presence of structural disease at the
1-year evaluation was considered persistent disease (1,12).

FIG. 1. Risk of persistent or recurrent disease according to the ATA risk stratification system. ATA, American Thyroid
Association; ETE, extrathyroidal extension; PTC, papillary thyroid cancer; RAI, radioactive iodine.
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Statistical analyses

In our descriptive analysis, continuous variables were ex-
pressed as medians with interquartile ranges and nominal
variables in terms of frequency counts and corresponding
percentages. To model the response to treatment, we chose a
cumulative link model, which is routinely used to describe
the distribution of ordinal categorical response data. The
ordinal response was categorized in descending order of
desirability as excellent, indeterminate, biochemical incom-
plete, or structural incomplete. In this framework, the link
used was the log of a probability ratio, calculated as the
probability of not exceeding a given category versus the
probability of exceeding it (in a logit model perspective), and
predictors were inserted on a linear scale.

Given the hierarchical structure of the data, with patients
nested within treatment centers, we used a mixed-effect
model specification, with a center-specific intercept sum-
marizing unobserved center-specific characteristics. To ac-
count for potential overlap or association between the center-
specific features that were observed, and the unobserved
features described by the random intercepts, we inserted in
the model the average for each covariate on patients from a
given center. We approximated the integral defining the
likelihood via the Laplace approximation, using the R library
ordinal (13). We also evaluated a binary response to treat-
ment consisting of excellent versus structural incomplete
responses only, in a mixed logit model. This was estimated by
the R library lme4 (14).

All statistical analyses were performed with the R statis-
tical software package, R Core Team (2017) (15).

Results

Out of 6867 case records in the database at data lock
(2019), 1452 (21.1%) were excluded because the histological
diagnosis was incomplete or failed to meet the inclusion
criteria (i.e., tumors diagnosed as medullary thyroid cancer,
anaplastic thyroid cancer, NIFTP, or tumors with unknown
malignant potential), and 148 additional cases were excluded
because one or more items essential to estimate the risk of
recurrence were missing. Subsequent exclusions consisted
of 3158 cases in which the patient had not yet undergone a
1-year follow-up assessment, and 38 others in which 1-year
follow-up data needed to classify the treatment response were
lacking. Thus, the final cohort consisted of 2071 patients who
have been followed in 40 of the ITCO centers (Table 1).

The ATA risk of persistent/recurrent disease was classified as
low in 1109 patients (53.6%), intermediate in 796 (38.4%), and
high in 166 (8.0%). Treatment responses observed at the 1-year
follow-up visit are summarized in Table 2. Overall, structural
incomplete responses were documented in 86 (4.2%) patients.
The frequency of structural incomplete responses increased
progressively with the level of risk estimated at baseline from
1.5% in the low-risk group, to 5.7% in those at intermediate
risk, and 14.5% in the small subset of patients considered at
high risk for persistent/recurrent disease (Fig. 2).

As shown in Table 3, the ATA risk class assigned at
baseline proved to be a significant predictor of the response to
treatment observed at the 1-year follow-up visit. It was able
to predict the presence of structural disease as opposed to an
excellent response. Furthermore, in cases classified as inter-
mediate or high risk, there was a significantly higher

Table 1. Clinical and Demographic Features

of the Study Cohort

No. of patients 2071

Age in years, median (IQR) 48 (38–59)
Sex, n (%)

Female 1546 (74.6)
Male 525 (25.4)

ITCO reporting center, n (%) 40
Academic center 29 (72.5)
Location

Northern Italy 19 (47.5)
Central Italy 13 (32.5)
Southern Italy 8 (20)

Time of thyroid cancer diagnosis, n (%)
Not specified 79 (3.8)
Postsurgical 813 (39.3)
Presurgical 1179 (56.9)

Initial treatment of primary tumor, n (%)a

Total thyroidectomy + RRA 1191 (57.5)
Total thyroidectomy 807 (39)
Lobectomy 73 (3.5)

Neck dissection, n (%)
Not done 1283 (61.9)
Central neck dissection 546 (26.4)
Central and lateral neck dissection 196 (9.5)
Lateral neck dissection 46 (2.2)

Histology, n (%)
Papillary thyroid cancer 1958 (94.5)
Aggressive variants 99 (4.8)
Classical and other variants 1862 (89.9)
Follicular thyroid cancer 70 (3.4)
Hurthle cell carcinoma 37 (1.8)

Tumor size (mm), median (IQR) 11 (6–18)
Tumor foci, n (%)

Not specified 17 (0.8)
Unifocal 1291 (62.3)
Multifocal, laterality not specified 19 (0.9)
Multifocal, unilateral 229 (11.1)
Multifocal, bilateral 515 (24.9)

Extrathyroidal extension, n (%)
None 1439 (69.5)
Microscopic 563 (27.2)
Strap muscle invasion

Yes 31 (5.5)
No 367 (65.2)
Not specifiedb 165 (29.3)

Macroscopic (T4a) 63 (3.0)
Macroscopic (T4b) 6 (0.3)

Lymph node status, n (%)
cN0/Nx 619 (29.9)
N0 972 (46.9)
N1a 277 (13.4)
N1b 203 (9.8)

aThe categories ‘‘total thyroidectomy + RRA’’ and ‘‘total
thyroidectomy,’’ each includes some cases of ‘‘completion thyroid-
ectomy’’ performed after thyroid lobectomy.

bMany pathology reports did not include details of muscle
invasion before the publication of 8th edition of AJCC TNM staging
system.

IQR, interquartile range; ITCO, Italian Thyroid Cancer Observa-
tory; RRA, radioactive iodine remnant ablation.
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probability of a ‘‘less-than-excellent response’’ (i.e., inde-
terminate or biochemical incomplete or structural incom-
plete, in decreasing order) (Table 4).

We also assessed whether the performance of the initial
persistent disease risk estimate was significantly influenced by
the practices of individual reporting centers, which included
both academic and nonacademic health care facilities distrib-
uted throughout Italy (Table 1). Some potential biases (such as
the case-mix of patients treated, surgical volumes, and differ-
ent tools used) are difficult to document but can potentially
influence both the initial risk estimation and the subsequent
assessment of the response to treatment. The mixed-effect
model we used took these into account with a center-specific
intercept summarizing unobserved center-specific features.
The practices of individual recruiting centers did not influence
the prediction of the 1-year status by the ATA risk stratification
system (coefficient -0.88 – 1.53, p = 0.57, in intermediate-risk
patients, and -0.77 – 2.19, p = 0.72, in high-risk patients, for
the prediction of structural disease).

Discussion

A reliable estimate of the post-treatment risk of persistent
or recurrent disease in a patient with DTC on the basis of
clinical, histopathological, and perioperative data provides
valuable prognostic information. Importantly, it supports

clinicians’ efforts to develop personalized treatment and
follow-up strategies (4,16). Most cases can be safely man-
aged with less extensive surgery, more selective use of RAI
therapy, and relatively relaxed follow-up schedules. The
expected benefits are substantial and include reduced health
care costs, lower treatment-related morbidity rates, and im-
proved quality of life for patients. These expected benefits
must, however, be weighed against the risk of missing those
thyroid cancers that warrant intensive therapeutic efforts and
close post-treatment surveillance due to their intrinsic bio-
logic aggressiveness.

The ATA risk stratification system was validated in dif-
ferent cohorts around the world (17–20). Additional fea-
tures were published in 2016 to include evaluation of the
number of vascular invasion foci, number and size of in-
volved lymph nodes, presence of extranodal extension, and
(if available) BRAF and TERT promoter mutational status.
This updated version has been already validated (5–7,21–23).
However, all of these validation studies were based on
retrospective review and conducted in a few high-volume
thyroid cancer referral centers. The current study is based on
a large, contemporary cohort of patients with prospectively
collected data in many thyroid centers across Italy, including
academic and nonacademic institutions, to validate the ATA
risk stratification system in predicting persistent disease at
the 1-year follow-up visit.

Table 2. Responses to Treatment at 1-Year Evaluation

No. of patients

All TT + RRA TT TL

2071 1191 807 73

Excellent response 1576 (76.1%) 921 (77.3%) 655 (81.1%) —
Indeterminate response 376 (18.2%) 168 (14.1%) 137 (17%) 71 (97.3%)a

Biochemical incomplete response 33 (1.6%) 33 (2.8%) — —
Structural incomplete response 86 (4.2%) 69 (5.8%) 15 (1.9%) 2 (2.7%)

aNot possible to document stability of thyroglobulin values at first evaluation.
RRA, radioactive iodine remnant ablation; TL, thyroid lobectomy; TT, total thyroidectomy.

FIG. 2. Prevalence of patients
classified as low, intermediate,
and high risk, and their rates of
structural persistent disease.
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Interinstitutional and interobserver variabilities have been
reported in the diagnosis of histological subtypes (24), the
detection and quantification of extrathyroidal extension (25),
neck ultrasonographic examination (26), and various aspects
of RAI administration, including indications, the amount
of activity administered, and the method used to ensure ap-
propriately elevated TSH levels at the time of RAI therapy
(withdrawal of thyroid hormone replacement therapy vs.
rhTSH injections) (27). Treatment centers also vary widely in
the number of thyroidectomies performed by their staff each
year and this factor is a well-established predictor of outcome
(28,29). Furthermore, different assays for Tg and TgAb are
used in different institutions.

All of these confounding factors could not be systemati-
cally documented on the basis of the information available in
our database, but it was reasonable to suspect that some of
them could potentially influence both the initial risk estimates
in our cohort and the subsequent assessment of the response
to treatment. By the use of mixed-effect model, we took into
account unobserved center-specific features, documenting
that the performance of ATA risk stratification system is not
affected by the center in which it is applied.

Our findings demonstrate that the ATA risk stratification
system for recurrent/persistent disease is indeed a reliable
predictor at the 1-year follow-up evaluation, independent
of treatment centers. This is true despite the fact that the
likelihood of a ‘‘less-than-excellent’’ response varies across
treatment centers, probably as a result of between-center
differences in surgical volumes, case mixes, the availability
of diagnostic tools, and/or other factors.

It should be stressed that our findings apply exclusively to
the prediction of the response to initial treatment documented

at the 1-year visit. Risk stratification is in fact a dynamic,
ongoing process in which the likelihood of recurrence is pe-
riodically reassessed and the management strategy modified
as needed (30). Our current findings cannot provide any in-
dication on how the system will perform in predicting the
longer term evolution of a DTC. It is important to note,
however, that most DTC recurrences are identified within the
first 5 years of follow-up after initial treatment (31). More-
over, recent evidence suggests that persistent disease ob-
served at the 1-year follow-up visit is associated with worse
outcomes than ‘‘recurrences’’ identified later (12). Prediction
of this early outcome may thus have particular clinical
relevance.

A limitation of our study is related to the inclusion of non-
PTC cases in our cohort, in particular FTCs and Hurthle-cell
thyroid carcinomas. There is indeed growing evidence that
these tumors behave differently from each other and also
from PTCs (24). These tumors represented only 5.2% of the
DTCs in our cohort. Therefore, our current findings can shed
no light on the specific performance of the ATA risk strati-
fication system in patients with these less common thyroid
cancer histologic subtypes.

In conclusion, the ATA risk stratification system is a re-
liable predictor of short-term outcomes in patients with DTC
in real-world clinical settings characterized by appreciable
treatment-center heterogeneity in terms of size, location, le-
vel of care, diagnostic resources, and local management
strategies.
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Table 3. Subgroup Analysis of 1662 Patients

with Excellent or Structural Complete

Responses at 1 Year

Estimated
risk of
persistent
disease

Likelihood of structural
incomplete response at 1 yeara

Coefficient – SE OR (95% CI) p

Low
(reference)

— —

Intermediate 1.54 – 0.3 4.67 (2.59–8.43) <0.0001
High 2.8 – 0.38 16.48 (7.87–34.5) <0.0001

Likelihood of structural disease according to the estimated risk of
persistent disease calculated at baseline.

aVersus excellent response.
CI, confidence interval; OR, odds ratio; SE, standard error.

Table 4. Likelihood of Less-Than-Excellent

Response (All Four Classes; Ordinal Analysis)

According to the Estimated Risk of Persistent

Disease Calculated at Baseline

ATA risk Coefficient – SE OR (95% CI) p

Low
(reference)

—

Intermediate 0.52 – 0.12 1.68 (1.34–2.10) <0.0001
High 1.17 – 0.19 3.23 (2.23–4.67) <0.0001

ATA, American Thyroid Association.
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