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Context: Modern management of differentiated thyroid cancer requires individualized care plans

that tailor the intensity of therapy and follow-up to the estimated risks of recurrence and disease-

specific mortality.

Design: This summary is based on the authors’ knowledge and extensive clinical experience,

supplemented by review of published review articles, thyroid cancer management guidelines,

published staging systems, and original articles identified through a PubMed search, which included

terms such as risk stratification, staging, clinical outcomes, and differentiated thyroid cancer.

Main Outcome Measures: In the past, risk stratification in differentiated thyroid cancer usually

referred to a static estimate of disease-specific mortality that was based on a small set of

clinicopathological features available within a few weeks of completing initial therapy

(thyroidectomy, with or without radioactive iodine). Today, risk stratification is a dynamic,

active process used to predict the appropriateness for minimalistic initial therapy, disease-

specific mortality, risk of recurrence, and the most likely response to initial therapy. Rather than

being a static prediction available only after initial therapy, modern risk stratification is a dynamic,

iterative process that begins as soon as a suspicious nodule is detected and continues through final

follow-up.

Conclusions: Dynamic risk assessment should be used to guide all aspects of thyroid cancer

management, beginning before a definitive diagnosis is made and continuing through the final

follow-up visit. (J Clin Endocrinol Metab 104: 4087–4100, 2019)

Risk stratification in differentiated thyroid cancer has

traditionally used a relatively small set of clinical and

pathological factors to create models that predict disease-

specific mortality or overall survival (1–7). Although

clinically useful, these models provided static estimates

of risk with information available within the first few

months of initial therapy and demonstrated subopti-

mal, long-term outcome predictions for any individual

patient (1, 6).

Over the last decade, additional models have been

developed that provide predictive information with

regard to other clinically relevant outcomes, such as the

risk of having persistent disease after initial therapy, the

risk of structural or biochemical disease recurrence, and

the likelihood of going into remission following initial

therapy in adult patients with thyroid cancer (6, 8–14).

Furthermore, rather than using information that is only

available at one particular point in time, these new

models emphasize the importance of dynamic risk as-

sessment, where the initial risk assessment is modified

over time as new data become available. These dynamic

risk assessments allow us to integrate response to therapy
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assessments with the underlying individual tumor bi-

ology to provide real-time risk assessments at any point

in the course of the patient’s disease. Thus, the modern

view of risk stratification begins with the identifica-

tion of a suspicious nodule (peri-diagnostic period) and

continues through the phases of diagnosis, treatment,

adjuvant therapy, and follow-up (Fig. 1). Whereas the

general concepts of risk-adapted management and

follow-up are applicable to pediatric thyroid cancer (15),

anaplastic thyroid cancer (16), and medullary thyroid

cancer (17, 18), we will focus this review specifically on

differentiated thyroid cancer that has been studied more

extensively.

From a practical standpoint, postoperatively, we use

the eighth edition of the American Joint Committee on

Cancer/tumor node metastasis (AJCC/TNM) staging

system to predict disease-specific mortality and the

American Thyroid Association (ATA) risk stratification

system to predict the risk of recurrent or persistent dis-

ease (Fig. 1) (19, 20). These initial risk estimates are then

modified over time using the descriptions from the ATA

guidelines to define the patient’s response to therapy at

any point during follow-up, as excellent (no evidence of

persistent/recurrent disease), biochemically incomplete

[abnormal thyroglobulin (Tg) or rising Tg antibodies in

the absence of identifiable structural disease], structurally

incomplete (structural evidence of persistent/recurrent

disease), or indeterminate (nonspecific findings that

cannot be confidently classified as benign or malignant)

(21). These modified risk estimates are then used to plan

ongoing management.

Recently, the move toward deferred intervention

(active surveillance) of very low-risk thyroid cancers

and a more minimalistic approach to thyroid surgery has

expanded the risk-stratification horizon to include not

only the intraoperative and postoperative time periods

but also the peri-diagnostic time frame that begins with

the detection of a suspicious thyroid nodule (Fig. 1)

(21–25). In this peri-diagnostic period, it is important to

identify low-risk thyroid cancers that may be eligible for

either an active surveillance management approach (with

or without cytological confirmation) or for aminimalistic

surgical intervention, such as thyroid lobectomy without

neck dissection (23, 25, 26). Conversely, it is equally

important to identify, in the peri-diagnostic period, those

patients who would be most likely to benefit from more

aggressive initial interventions that could include total

thyroidectomy, with or without prophylactic or thera-

peutic neck dissection, radioactive iodine treatment,

external beam radiation, or upfront systemic therapy.

It is also important to recognize that highly sensitive

disease-detection tools can often detect small foci of

papillary thyroid cancer that may not require immediate

diagnosis and therapy. The 2015 ATA guidelines pro-

vided several specific examples where an observational

management approach, often without cytologic confir-

mation of disease, is recommended as the preferred

or alternative management approach to small-volume

Figure 1. Risk stratification in thyroid cancer is best viewed as a dynamic, iterative, active process that begins in the peri-diagnostic period and

extends through final follow-up. AJCC, American Joint Committee on Cancer; ATA, American Thyroid Association.
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disease (21–25). For example, an active surveillance

observational management approach is allowed for

carefully selected patients with either highly suspicious

subcentimeter asymptomatic thyroid nodules without the

need for cytologic confirmation or biopsy-proven, very

low-risk thyroid cancers, such as intrathyroidal papillary

microcarcinomas, in locations not adjacent to trachea or

neurovascular structures without evidence of lymph node

metastasis (21). Furthermore, an observational man-

agement approach is also allowed for patients with

persistent/recurrent small abnormal cervical lymph nodes,

asymptomatic stable or slowly growing distant metas-

tasis, and stable or declining abnormal Tg or Tg anti-

bodies (21).

As it is clear that not all detectable findings require

immediate diagnostic or therapeutic intervention, it is

imperative that we develop a risk-stratification decision-

making framework to differentiate actionable findings

from non-actionable findings (Fig. 2). Whether we are

considering a highly suspicious subcentimeter thyroid

nodule without cytologic confirmation of disease, a

biopsy-proven thyroid nodule with low-risk thyroid

cancer, or persistent/recurrent disease in the neck or

elsewhere, we find it useful to consider five key factors

that when taken together, allow us to predict the like-

lihood that a specific tumor focus represents clinically

important disease that may require additional evalua-

tions, ongoing observation, or therapeutic intervention

(Fig. 2). Both tumor size and tumor location are the

major factors that determine whether a tumor focus is

likely to cause clinically substantial invasion into local

structures, such as the recurrent laryngeal nerve, airway,

gastrointestinal tract, major vessels, or other important

structures (27–29). A third important factor is the tumor

growth rate (measured as tumor volume doubling time),

with an observational management approach being

much more appropriate for tumors either anticipated

to have a slow tumor growth rate or with actual

documented slow growth rates over time (29–33). Ob-

viously, tumors that are either symptomatic or likely to

have symptomatic progression would be considered ac-

tionable. Finally, patient preference plays a key role when

deciding whether a particular lesion is actionable or non-

actionable, as it is important to integrate the patient’s

understanding of the risks and benefits of intervention vs

observation with their value system and goals (34, 35). In

addition to providing initial guidance as to whether the

detectable lesion is actionable at the time of detection,

ongoing re-evaluation of these same factors, using the

basic concepts of dynamic-risk stratification, can also

assist the clinician in the determination of when it is time

to transition from an observational management ap-

proach to active therapeutic intervention (22).

Thus, risk stratification has moved from a single

postoperative static assessment of the risk of disease-

specific mortality to an all-encompassing evaluation of

the patient that is continually modified over time, be-

ginning from the first detection of a suspicious thyroid

nodule and continuing throughout the life of the patient.

Risk Stratification in Highly Suspicious
Thyroid Nodules or Cytologically
Confirmed Primary Papillary
Thyroid Cancer

Risk stratification begins immediately upon identifica-

tion of a suspicious thyroid nodule. In the absence of a

validated peri-diagnostic risk-stratification system, we

use a clinical framework that incorporates tumor im-

aging characteristics, medical team characteristics, and

patient preferences to risk stratify patients as ideal, ap-

propriate, or inappropriate for minimalistic initial man-

agement options, such as active surveillance or thyroid

lobectomy (Fig. 3) (22, 23, 25). This clinical framework

address the key factors that differentiate actionable from

non-actionable disease (Fig. 2).

Risk stratification in active surveillance of

papillary microcarcinoma
Asymptomatic, small thyroid nodules (usually #1 cm

maximal diameter, 1 cm3, or 1 mL volume) confined to

the thyroid and surrounded by normal thyroid paren-

chyma can be followed with active surveillance, with or

without cytologic confirmation, in patients who value

their normal thyroid function and who desire avoidance

of thyroid surgery (21–23, 25). Patients who demonstrate

tumors larger than 1.5 to 2.0 cm; tumors in subcapsular

locations adjacent to important structures, such as the

trachea and recurrent laryngeal nerve; or tumors with

documented growth rate doubling times of ,2 years are

generally considered inappropriate for observation and

Figure 2. Highly sensitive detection tools often detect small-volume

disease that may or may not require action. Key factors that

differentiate actionable from non-actionable findings include tumor

volume, location, growth rate, symptoms, and patient preference.
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would be considered to have actionable disease. If the

tumor growth rate is unknown at the time of nodule

detection, then this can be established with serial ultra-

sound evaluations done approximately every 6 months

for 1 to 2 years. The frequency of ultrasound evaluations

and long-term follow-up depends on the tumor size,

location, and established growth rate (25). With the use

of this paradigm, active surveillance continues until there

is a 3-mm increase in tumor diameter (which corresponds

to a 100% increase in tumor volume), identification of

metastatic disease, direct invasion into surrounding

structures of the thyroid, or a decision to discontinue

active surveillance based on patient preference (23, 25).

This risk-stratified, minimalistic management ap-

proach to very low-risk thyroid cancers has been shown

to be safe and effective over 5 to 10 years of follow-up in

studies from Japan, Korea, and the United States (23, 29,

36–39). In the first 10 years of active surveillance follow-

up, only 2% to 8% of papillary microcarcinomas

increase $3 mm in maximum diameter, 12% to 14%

demonstrate an increase in tumor volume of .50% (the

smallest change in nodule volume that can be re-

producibly measured), and novel lymph node metastases

are detected in 2% to 4% (23, 29, 36–39). The likelihood

of disease progression is higher in younger patients than

in older patients (40). Importantly, at the time of disease

progression, deferred surgical intervention is quite ef-

fective with excellent outcomes and no disease-specific

mortality (23, 29, 36–39).

Risk-stratification considerations for

thyroid lobectomy
The 2015 ATA guidelines now accept a minimalistic

surgical approach (thyroid lobectomy without neck

dissection) to treat intrathyroidal pap-

illary thyroid carcinomas ,4 cm in

properly selected patients (21). Care-

ful peri-diagnosis, preoperative, and

intraoperative risk stratification are the

keys to successful use of thyroid lo-

bectomy without having to perform an

unacceptable rate of early-completion

thyroidectomies. As described in detail

in our previous review (25), patients

classified as being ideal for lobectomy

would have papillary microcarcinomas

that appeared to be confined to the

thyroid in the setting of an otherwise

normal thyroid ultrasound and clinical

N0 neck. We classify patients as ap-

propriate for lobectomy if the tumor is

1 to 4 cm in maximum dimension, if

the contralateral lobe is normal, or if

there are other abnormalities on the ultrasound, such as

thyroiditis or benign-appearing nodules (again, in the

setting of the clinical N0 neck). Patients with extra-

thyroidal extension, clinical N1 disease, or distant me-

tastasis would be considered inappropriate for thyroid

lobectomy as initial therapy.

In addition to the relevance of peri-diagnostic and

preoperative risk stratification with respect to the se-

lection of thyroid lobectomy as initial therapy, it is im-

portant to recognize that there are intraoperative findings

that should alter that recommendation and lead to an

immediate total thyroidectomy (25, 26). We encourage

patients to find a surgeon who they trust and to empower

the surgeon to make a final decision in the operating

room regarding the extent of initial surgery that should

be performed, which can vary from lobectomy to total

thyroidectomy, with or without neck dissection. How-

ever, even with appropriate preoperative and intra-

operative risk stratification, as many as 6% to 20% of

patients will have unexpected findings on the final pa-

thology report that may lead to a completion thyroid-

ectomy and usually, radioactive iodine (41–45). An

additional 5% to 10% may require completion thy-

roidectomy at some later point during follow-up for

diagnostic or therapeutic purposes (41–45).

The rate of early-completion thyroidectomy, per-

formed following review of the initial pathology report,

will vary, depending on how aggressive each manage-

ment team is with regard to the use of radioactive iodine

for either remnant ablation or adjuvant treatment. If

minor factors, such as minor extrathyroidal extension,

very small-volume lymph node metastasis, or small tu-

mors with aggressive histologic features usually lead

to radioactive iodine therapy, then the completion

Figure 3. Peri-diagnostic risk stratification considers medical team characteristics, imaging/

clinical findings, and patient characteristics to classify patients as ideal, appropriate, or

inappropriate for a minimalistic initial management approach.
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thyroidectomy rate may be as high as 20% (41–45). In

our hands, the completion thyroidectomy rate is much

lower, as we have a much more restricted use of radio-

active iodine (43–45). The most common reason for

completion thyroidectomy in our hands is unanticipated,

extensive vascular invasion documented on the pathol-

ogy report that obviously could not be visualized pre-

operatively or intraoperatively.

Thus, patients need to understand that the final de-

termination of whether a thyroid lobectomy is the ap-

propriate initial therapy can only be achieved by the

integration of preoperative, intraoperative, and post-

operative risk stratification (25). Patients who are un-

comfortable with this approach will often choose a total

thyroidectomy as initial therapy. Patients motivated to

keep part of the thyroid will often accept that uncertainty,

recognizing that the final decision regarding the com-

pleteness of initial therapy cannot be completely known

until several weeks after the surgery is completed when

more complete risk stratification can be accomplished.

Predicting Survival Outcomes: TheUpdated
AJCC/TNM Staging System

In October 2016, the AJCC (www.cancerstaging.org)

published the eighth edition of the AJCC/TNM cancer

staging system, which replaced the seventh edition that

had been used by clinicians, cancer registries, and re-

searchers since 2009 (46). On 1 January 2018, tumor

registries officially began using the eighth edition for

tumor staging. Whereas the staging tables for medullary

thyroid cancer and anaplastic thyroid cancer showed

only minimal changes, the rules for the staging of well-

differentiated thyroid cancer underwent substantial

modifications (46). These included the following: (i) an

increase of the age cutoff from 45 years to 55 years of age

at diagnosis; (ii) removal of microscopic extrathyroidal

extension as a key component of the staging system; (iii)

no longer mandating assignment of stage III to older

patients with microscopic extrathyroidal extension or

lymph node metastases; and (iv) establishment of a new

T3b category for tumors of any size that demonstrate

gross extrathyroidal extension involving only the sur-

rounding strap muscles (19, 20).

The AJCC Differentiated Thyroid Cancer Committee

carefully considered the possibility of inclusion of mo-

lecular markers (specifically, BRAFV600E and TERT

promoter mutations) in the AJCC prognostic staging

definitions (19, 20, 46). Whereas both of these muta-

tions, particularly when present together, have been

shown to be predictors of poor clinical outcomes, they

appeared to add only marginal benefit to the traditional

anatomic staging factors (47–52). Thus, molecular

characterization of differentiated thyroid cancers, al-

though providing some prognostic information, were not

powerful enough factors to merit upstaging tumors to

prognostic stages above those mandated by TNM risk

factors. Nonetheless, similar to the approach used in the

ATA risk-stratification system, molecular results can be

used to refine further and individualize risk within risk

categories or stages (21).

The three critical factors that determine the prognostic

stage groups of the eighth edition AJCC/TNM cancer

staging system include the age at diagnosis, the presence

or absence of distant metastases, and the presence or

absence of gross extrathyroidal extension (19, 20).

Rather than the use of the standard TNM staging tables

provided in the AJCC/TNM manual (19, 20), we find it

easier to use the flow diagram in Fig. 4 to stage patients

rapidly based on the key clinical risk factors (age at di-

agnosis, distant metastasis, gross extrathyroidal exten-

sion, and lymph node metastases). In patients age ,55

years, this figure rapidly classifies patients as either stage I

(any T, any N, M0) or stage II (any T, any N, M1). In the

older patients, additional factors, such as the presence or

absence of distant metastasis, invasion of strap muscles,

and extent of gross extrathyroidal extension, are also

used to define the prognostic stage groups. In the eighth

edition of the AJCC/TNM cancer staging system, it was

anticipated that the majority of patients would be clas-

sified as stage I or stage II, reflecting the excellent out-

comes expected in the majority of thyroid cancer

patients. A smaller number of patients, particularly the

older patients with either distant metastases or gross

extrathyroidal extension, were anticipated to do worse

and are therefore classified as stage III or IV (19, 20, 53).

Multiple publications have demonstrated that the

eighth edition of the AJCC/TNM cancer staging system

moved a substantial number of patients into lower

prognostic stage groups without affecting the overall

survival of those lower-stage groups (7, 54–58). The

patients who remained in the higher-stage groups had

poorer prognoses, as expected. This resulted in a much

better separation of the four prognostic stage groups with

respect to survival, such that 5- to 10-year disease-

specific survival (DSS) was 99% in stage I patients,

88% to 97% in stage II patients, 72% to 85% in stage III

patients, and 67% to 72% in stage IV patients (56, 57).

Unlike previous editions of the AJCC/TNM staging

system in which there was substantial overlap in survival

in patients with stage I, II, and III disease, the eighth

edition provides meaningful separation among the

prognostic stage groups that appear to be clinically rel-

evant (19, 20). The differences in predicted and published

;10-year survival rates are best seen when analyzed

based on age group (age ,55 years vs age $55 years)
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as shown in Table 1. The predicted 10-year DSS has

been validated for all age and stage groups, with only

the younger (age ,55 years) stage II patients appearing

to do more poorly than anticipated. The lower-

than-anticipated 10-year DSS in the younger patients

(age,55 years) with stage II disease was the result of the

Figure 4. A simplified approach to AJCC staging in differentiated thyroid cancer, emphasizing the critical decision nodes, which include age at

diagnosis, distant metastasis, and gross extrathyroidal extensions.

Table 1. Predicted and Published 10-Year DSS for the Eighth Edition AJCC/TNM Staging System

Patients Stage Eighth Edition Description
Eighth Edition Predicted

10-Year DSS
Eighth Edition Published

10-Year DSS

Younger I Age ,55 y 98%–100% �99%
All patients without distant metastases
regardless of tumor size, lymph node
status, or extrathyroidal extension

II Age ,55 y 85%–95% �65%
Distant metastases

Older I Age $55 y, #4 cm tumor 98%–100% �99%
Confined to the thyroid

II Age $55 y, tumors .4 cm 85%–95% �95%
Or:

Tumors of any size with central or lateral
neck lymph nodes

Or:

Gross extrathyroidal extension into strap
muscles

III Age $55 y 60%–70% �60%
Tumors of any size with gross
extrathyroidal extension into
subcutaneous tissue, larynx, trachea,
esophagus, or recurrent laryngeal nerve

IV Age $55 y ,50% �30%
Tumors of any size or lymph node status
with gross extrathyroidal extension into
prevertebral fascia, encasing major
vessels

Or:

Distant metastasis

Ten-year median DSS estimates approximated from data extrapolated from publications examining eighth edition AJCC prognostic stages (7, 20, 54–58).

4092 Tuttle and Alzahrani Differentiated Thyroid Cancer Risk Stratification J Clin Endocrinol Metab, September 2019, 104(9):4087–4100
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stage migration of patients in the 45- to 55-year age

group from seventh edition AJCC stage IV to eighth

edition AJCC stage II (see Predicting Response to

Therapy regarding integration of AJCC/TNM and ATA

risk stratification in individual patients for further dis-

cussion of these patients).

Predicting Response to Therapy: The
Updated ATA Risk-Stratification System

Unlike many cancers, the risk of recurrence does not

parallel the risk of mortality in differentiated thyroid cancer

(59). In most patients, the risk of recurrence far exceeds the

risk of disease-specific mortality, and thus staging systems

designed to predict mortality in thyroid cancer would not

be anticipated to be predictive of disease recurrence. To

address this issue, a risk-stratification system was de-

veloped and validated to predict the risk of structural

disease recurrence based on information obtained

around the time of initial therapy (6, 8–14, 60–62). A

modified version of this original risk-stratification system

was endorsed in the 2009 ATA guidelines and sub-

sequently modified in the 2015 ATA guidelines (21).

Whereas initially conceived as a three-category model

of risk assessment (low, intermediate, or high risk) (12,

63), the ATA risk-stratification system is now visualized

as a continuum of risk, ranging from very low to very high

risk of structural disease recurrence (Fig. 5) (21). None-

theless, the three-category model was proven to be very

useful and reproducible across multiple studies (6, 8–14,

60–62). The 2015 ATA guidelines (21) expanded the low-

risk category to include not only intrathyroidal papillary

thyroid cancer but also patients with very small-volume

lymph node micrometastases (,0.2 cm in largest di-

mension), intrathyroidal well-differentiated follicu-

lar thyroid cancer with capsular invasion and fewer than

four foci of vascular invasion, intrathyroidal encapsulated

follicular variant of papillary thyroid carcinoma (now

known as noninvasive follicular thyroid neoplasm with

papillary-like nuclear features), and either unifocal or

multifocal intrathyroidal papillary microcarcinoma, even

if they have known BRAFV600E mutations. The high-risk

category was also expanded to include follicular cancer

with more than four foci of vascular invasion and path-

ologic lymph node metastasis with any metastatic lymph

node $3 cm in largest dimension. The remaining tumors

were classified as intermediate risk based on the data

available at the time the guidelines were written (Fig. 6).

The last several years have seen an abundance of

published data confirming the association among specific

molecular alterations, histological subtypes, and clinical

outcomes in follicular cell-derived thyroid cancer (64,

65). Point mutations in BRAFV600E are associated with

increased risk of recurrence, radioactive iodine refrac-

toriness, extrathyroidal extension, lymph node metas-

tases, and disease-specific mortality. Likewise,

oncogenic genetic alterations in TERT promoter, TP53,

EIF1AX, and b-catenin are associated with more

aggressive tumor behavior and poorer clinical out-

comes. Furthermore, mutational combinations (such as

BRAFV600E 1 TERT promoter mutations or RAS 1

TERT promoter mutations) are associated with signifi-

cantly increased risk beyond that associated with either

mutation in isolation. As shown in the ATA continuum of

risk figure (Fig. 5), appropriate molecular risk stratifi-

cation requires integration of the genetic abnormality

into the proper clinical context, as the presence of

a specific mutation does not always portend a poor

prognosis (e.g., BRAFV600E mutations are found

in .50% of papillary microcarcinomas, which usually

display an indolent clinical course). Although not yet

proven, it seems reasonable to consider either more

careful follow-up or potentially more aggressive thera-

pies for tumors with the highest risk mutational profiles

(particularly those with mutational combinations asso-

ciated with the poorest clinical outcomes) (65–68). It is

important to remember that there is no guarantee that

more aggressive surgery, radioactive iodine therapy,

thyroid-stimulating hormone suppression, or other sys-

temic therapies will necessarily provide therapeutic

benefit simply because we can identify a patient at

high risk for poorer outcomes on the basis of clinic-

pathological presentation or molecular profiling. Pro-

spective studies evaluating the impact of more aggressive

surgical and systemic therapies in the setting of high-risk

mutational profiles are needed.

The ATA risk-stratification system performs well in

clinical practice, with low-risk patients demonstrating no

evidence of disease 80% to 90% of the time, biochemical

incomplete responses 15% of the time, and structural

incomplete responses 3% to 5% of the time. Intermediate-

risk patients achieve excellent response;60% of the time,

have a biochemical incomplete response;15% to 20%of

the time, and have a structural incomplete response;20%

of the time. High-risk patients seldom achieve no evidence

of disease status (,30%) and usually demonstrate a

structural incomplete response (50% to 75%) or bio-

chemical incomplete response (10% to 15%). The studies

contributing to these approximations are extensively

reviewed in the ATA guidelines (21). Interestingly, age is a

major determinant of response to therapy. In ATA high-

risk patients, the proportion of excellent responders was

found to be significantly higher among younger patients

(age ,55 years) than among older patients (age $55

years; 40.3% vs 27.5%, P5 0.02), and the proportion of

structural incomplete responders was significantly larger
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among older patients than among younger patients (53%

vs 33%, P 5 0.002). Moreover, ATA high-risk younger

patients with a structural incomplete response to therapy

had a significantly better DSS than older patients (74% vs

12%, respectively, P , 0.001) (69).

Integrating AJCC/TNM and ATA Risk
Stratification in Individual Patients

Whereas the eighth edition of the AJCC/TNM cancer

staging system and the ATA risk-stratification system

were independently developed to address different clin-

ical outcomes, a recent publication suggests that the ATA

risk-stratification system can provide valuable survival

prognostic information when integrated into the AJCC

staging system (54). In older patients (age $55 years at

diagnosis), the ATA risk parallels the AJCC stage groups,

with ATA low-risk patients being AJCC stage I, ATA

intermediate-risk patients being AJCC stage II, and the

majority of ATA high-risk patients classified as either

AJCC stage III or IV (except ATA high-risk patients

based on gross invasion into strap muscles, who are

classified as AJCC stage II).

In younger patients (age ,55 years at diagnosis),

however, AJCC stage I includes all patients in this age

group unless they present with distant metastasis (19,

20). As a result, stage I patients, age,55 years, can range

from papillary microcarcinomas that may not require

any therapy at all to locally invasive, unresectable disease

invading major neck structures. However, because the

vast majority of stage I patients are low risk, the 10-year

DSS in this entire cohort is still �99% (Table 1) (7,

54–58). However, within this large group of patients is a

smaller group of patients who may be expected to do

more poorly because of their locally aggressive features

or poor histology (70, 71).

The ATA risk-stratification system can be used to

identify the few patients, age ,55 years, who were

classified as stage I and likely to demonstrate a signifi-

cantly worse outcome than the entire cohort of stage I

patients (54). In a cohort of 4881 differentiated thyroid

cancer patients, age ,55 years at diagnosis, 98% were

classified as AJCC stage I, and 2% were classified as

AJCC stage II. Whereas the entire cohort of stage I pa-

tients demonstrated a 98% 10-year DSS, ATA high-risk

stage I patients (manifest by gross extrathyroidal ex-

tension, incomplete tumor resection, large-volume N1

disease, or follicular thyroid cancer with extensive vas-

cular invasion) exhibited a 10-year DSS of 92%. Among

the ATA high-risk stage I patients, prognosis also varied

by age at diagnosis, with a 95%, 10-year DSS seen in

patients age 18 to ,45 years compared with only an

87%, 10-year DSS in patients age 45 to 55 years. As

expected, patients with ATA low or intermediate risk

have excellent survival of 98% or better. Although

representing only 2% of this cohort, the stage II patients

were all ATA high risk (M1 disease) and had a 10-year

DSS of 68%. Stage II ATA high-risk patients also

demonstrated the importance of age at diagnosis, with

78%, 10-year DSS seen in younger patients (age 18

Figure 5. As described in the ATA guidelines, individualized risk stratification is best visualized as a “continuum of risk” rather than as three

discrete risk categories that predict the risk of structural disease recurrence. [Adapted with permission from Haugen BR, Alexander EK, Bible KC,

Doherty GM, Mandel SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward DL, Tuttle

RM, Wartofsky L. 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):1–133.]
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to,45 years at diagnosis) and 61%, 10-year DSS seen in

older patients (age 45 to 55 years at diagnosis).

From a practical application standpoint, the vast ma-

jority of patients, age ,55 years at diagnosis, will be

classified as stage I (98%) and can be expected to haveDSS

in excess of 98% (54). However, the small group of AJCC

stage I patients who are also ATA high risk may exhibit

less optimistic outcomes, particularly in those patients in

the 45- to 55-year age group, where DSS may be as low as

87%. As expected, the AJCC stage II patients who all

presented with distant metastasis had poor DSS; not

surprisingly, this was age dependent, with the lowest DSS

of 61% seen in patients in the 45- to 55-year age group.

Use of Dynamic Risk Stratification to
Modify and Refine Initial Risk Estimates

Although both the AJCC/TNM staging system and the

ATA risk-stratification system provide valuable infor-

mation with regard to initial risk stratification, they are

both static risk assessments that can only incorporate

information available in the peri-diagnostic, preopera-

tive, intraoperative, and early postoperative periods.

However, all of the static staging systems published

provide suboptimal long-term predictions for individual

patients, as demonstrated by the proportion of variance

explained, ranging from 20% to 30% across a wide

range of studies (a measure of how well a predictive

model correlates with the final outcome of interest) (6).

However, when these initial risk estimates are refined and

modified over time as a response to therapy and as a

reflection of the underlying biology of a particular pa-

tient’s thyroid cancer, risk estimates become more reli-

able and can achieve a proportion of variance explained

as high as 70% to 80% (6).

Over the last decade, several groups have developed

and validated the general concept of dynamic risk

stratification in which the baseline initial risk estimates

are continually modified over time as new data become

available (8, 12). Initially, dynamic risk stratification was

validated only in the setting of total thyroidectomy and

radioactive iodine and only in response to initial therapy

(8, 12). Over the last several years, it has become readily

apparent that the concept of dynamic risk stratification

should not be restricted to response to initial therapy but

should rather be used to reclassify each patient when they

return for their follow-up visits (6, 72). Furthermore,

definitions for response to therapy outcomes have been

Figure 6. The 2015 ATA guidelines expanded the inclusion criteria for ATA low-risk and ATA high-risk disease categories as described in this

table. [Adapted with permission from Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka

AM, Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L. 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):1–133.]
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published and validated for patients receiving total

thyroidectomy without radioactive iodine and even for

low-risk patients treated with lobectomy alone (73, 74).

In patients treated with total thyroidectomy and ra-

dioactive iodine, the ATA guidelines provided a set of

definitions, clinical outcomes, and management impli-

cations for the use of dynamic risk stratification. In this

paradigm, at each follow-up visit, the patient is classi-

fied as having an excellent, biochemically incomplete,

structurally incomplete, or indeterminate response to

therapy (see Fig. 7 for definitions) (21). Unlike the AJCC/

TNM staging and the ATA risk-stratification systems,

the response-to-therapy category can change over time as

new data become available at each visit. As can be seen

from Fig. 7, patients who have an excellent response to

therapy are expected to have essentially a normal overall

survival and a very low risk of disease recurrence and

therefore may not require intensive follow-up. Patients

with biochemical incomplete response have an abnormal

Tg value but no structurally identifiable disease and are

usually followed with observation unless the Tg or Tg

antibodies are rising, in which case additional imaging

and evaluations are warranted to try to identify the

source of the abnormal Tg (21).

The indeterminate response category, initially de-

scribed as acceptable response, was designed to be a

Figure 7. Definitions, clinical outcomes, and management implications of the ATA response to therapy categories. NED denotes a patient as

having no evidence of disease at final follow-up. Tg value cutoffs used in the definition of excellent, biochemical, and incomplete response

categories assume the absence of anti-Tg antibodies. [Adapted with permission from Haugen BR, Alexander EK, Bible KC, Doherty GM, Mandel

SJ, Nikiforov YE, Pacini F, Randolph GW, Sawka AM, Schlumberger M, Schuff KG, Sherman SI, Sosa JA, Steward DL, Tuttle RM, Wartofsky L.

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):1–133.]
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temporary holding area for patients with nonspecific

findings that could not be confidently described as benign

or malignant. Over time,;15% to 20% of these patients

will develop structural disease that may require addi-

tional therapy. In the remainder, the nonspecific changes

are either stable or resolve, and many of these patients

can be reclassified as having an excellent response over

time (21). Whereas patients with rising anti-Tg anti-

bodies are classified as having a biochemical incomplete

response, patients with stable or declining anti-Tg anti-

bodies are categorized as having an indeterminate re-

sponse to therapy. Although Tg assays that use a liquid

chromotography-tandemmass spectroscopy (LC-MS/MS)

methodology (75) can identify some Tg antibody-positive

patients as having detectable Tg in the setting of known

structural disease, up to 20% to 40% of patients with

structural disease will have undetectable Tgmeasurements

on LC-MS/MS (76–79). Thus, in the setting of antithyr-

oglobulin antibodies, an undetectable Tg obtained on the

current LC-MS/MS assays is insufficient evidence to

classify a patient as having an excellent response.

Patients with a structural incomplete response are

particularly challenging in that the majority of them will

continue to have persistent disease despite additional

therapies, and this is the category of patients from which

nearly all of the disease-specific mortality arises (21).

These patients are likely to need additional imaging,

ongoing thyroid-stimulating hormone suppression, and

additional therapies over time. From a practical stand-

point, we use the same risk-stratification decision-

making framework that we use to evaluate primary

thyroid cancers for either active surveillance or mini-

malistic treatment options. Whether this structural dis-

ease is a highly suspicious or cytologically proven cervical

lymph node metastasis or distant metastasis, the same

five key factors can drive decision-making with regard to

whether a lesion represents an actionable finding: the

volume, the location, the rate of growth of the disease, the

presence or absence of symptoms, and patient preference

(Fig. 2). It is important to note, particularly in the

metastatic disease setting, that observation to determine

the tumor volume change rate over time is not always

required in patients who have a specific histology, mo-

lecular profile, or functional imaging study that predicts a

high likelihood of rapid tumor growth.

Conclusions

The dramatic increase in the prevalence of low-risk

thyroid cancer over the last 10 to 20 years has

demanded a re-evaluation of the traditional “one-size-

fits-all” approach to differentiated thyroid cancer. This

transition to a more individualized approach to patient

management has led to a much more risk-adapted

approach to the diagnosis, initial therapy, adjuvant

therapy, and follow-up of patients with differentiated

thyroid cancer (21). This has required a comprehensive

re-evaluation of our approach to the prediction of

disease-specific mortality and the risk of structural/

biochemical disease recurrence. The last 10 years have

also seen substantial modifications to the AJCC/TNM

staging system, the development and validation of the

ATA risk-stratification system for prediction of disease

recurrence, and the recognition and implementation of

dynamic risk stratification to allow real-time, ongoing re-

evaluation of risk from initial detection to final follow-

up. While much more work needs to be done to refine

each of these models, we have certainly made substantial

strides in more closely tailoring the intensity of our initial

therapy and follow-up evaluations to realistic ongoing,

individualized risk estimates that reflect disease-specific

morbidity and mortality.
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