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ABSTRACT 

Thyroid cancer is an increasingly common malignancy, with a rapidly rising prevalence worldwide.  The 
social and economic ramifications of the increase in thyroid cancer are multiple. Though mortality from 
thyroid cancer is low, and most patients will do well, the risk of recurrence is not insignificant, up to 30%. 
Therefore, it is important to accurately identify those patients who are more or less likely to be burdened by 
their disease over years and tailor their treatment plan accordingly.  The goal of risk stratification is to do 
just that. The risk stratification process generally starts postoperatively with histopathologic staging, based 
on the AJCC/UICC staging system as well as others designed to predict mortality. These do not, however, 
accurately assess the risk of recurrence/persistence. Patients initially considered to be at high risk may 
ultimately do very well yet be burdened by frequent unnecessary monitoring.  Conversely, patients initially 
thought to be low risk, may not respond to their initial treatment as expected and, if left unmonitored, may 
have higher morbidity. The concept of risk-adaptive management has been adopted, with an understanding 
that risk stratification for differentiated thyroid cancer is dynamic and ongoing. A multitude of variables not 
included in AJCC/UICC staging are used initially to classify patients as low, intermediate, or high risk for 
recurrence. Over the course of time, a response-to-therapy variable is incorporated, and patients essentially 
undergo continuous risk stratification. Additional tools such as biochemical markers, genetic mutations, 
and molecular markers have been added to this complex risk stratification process such that this is 
essentially a continuum of risk. In recent years, additional considerations have been discussed with a 
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suggestion of pre-operative risk stratification based on certain clinical and/or biologic characteristics.  With 
the increasing prevalence of thyroid cancer but stable mortality, this risk stratification may identify those in 
whom the risk of conventional surgical treatment may outweigh the benefit. This review aims to outline the 
process of risk stratification and highlight the important concepts that are involved and those that are 
continuously evolving. 

KEY WORDS: Cancer, risk stratification, thyroid 

 

INTRODUCTION 

Thyroid cancer has become the most common 
endocrine malignancy, with an increasing incidence 
over the past 20 years. It is estimated that 1.1% of 
men and women will be diagnosed with thyroid 
cancer in their lifetime. In the United States, thyroid 
cancer is expected to account for 3.8% of new cancer 
diagnoses. Prognosis, however, remains excellent, 
with a 97.9% 5-year survival.1 In Israel, in 2012 (the 
most recent year for which there is current 
published information), thyroid cancer accounted 
for 3.4% of new cancer diagnoses.2 Despite the 
excellent outcome, there are some in whom the 
course is not indolent. Up to 30% of patients 
diagnosed with thyroid cancer may experience a 
clinically significant recurrence over their lifetime. 
These people require more aggressive monitoring 
and treatments. The goal of risk stratification is 
accurately to tailor a treatment and monitoring plan 
to minimize risk and maximize benefit.  

POST-OPERATIVE STAGING—RISK 

STRATIFICATION FOR MORTALITY 

Following initial surgery, application of American 
Joint Committee on Cancer/Union for International 
Cancer Control (AJCC/UICC) staging3 is a universal-
ly accepted and standard tool for classification of 
thyroid cancer. This staging system classifies 
patients based on age and histopathologic findings 
and is essentially the first systematic risk stratifica-
tion iteration that the patient will undergo once the 
diagnosis of thyroid cancer is confirmed. The 
AJCC/UICC staging system is designed to be used to 
predict disease-specific mortality; however, it is 
limited in its ability to account for variables that can 
affect long-term prognosis. Over the years, a num-
ber of additional staging systems have been pro-
posed that encompass other variables thought to be 
predictors of prognosis, including but not limited to 
EORTC,4 AGES,5 AMES,6 MACES,7 and MSK.8 
Though one method has not definitively been shown 
to be superior, a number of studies have suggested 

that MACES may be the most appropriate predictor 
of survival in differentiated thyroid cancer, both 
papillary9 and follicular thyroid cancer.10,11 The 
AJCC/UICC staging system and these noted above 
are unable sufficiently to assess the risk of 
recurrence and therefore do not accurately direct the 
decision-making process with regard to nature and 
frequency of treatment and monitoring. 

There are several factors not included in AJCC 
that may affect risk of recurrence/persistence. 
Histologic subtypes of papillary thyroid cancer 
(PTC), such as tall cell variant, diffuse sclerosing 
variant, columnar cell variant, hobnail variant, as 
well as widely invasive follicular thyroid cancer 
(FTC), or poorly differentiated thyroid cancer, are 
all are thought to have a more aggressive nature. 
Conversely, other variants such as encapsulated 
follicular variant PTC or minimally invasive FTC are 
thought to be more favorable.12–14 

When lymph nodes are involved at the time of 
the original treatment, the size of the metastatic 
lymph node and/or the presence of extra-capsular 
spread can affect the risk of disease recurrence/ 
persistence and distant metastatic disease.15,16 

Vascular invasion too has prognostic importance, 
as it can be associated with an increased risk of 
long-term disease.17,18 

Patients with encapsulated follicular variant 
papillary thyroid cancer frequently have the RAS 
mutations,19 and their disease is often indolent.20 In 
contrast, non-encapsulated follicular variants often 
harbor BRAF V600E mutations and can follow a 
more aggressive path.16,21 

Further, the AJCC staging system does not 
account for clinical risk factors that may affect 
outcome such as degree and extension beyond 
thyroid tissue, details of any remaining gross disease 
or completeness of resection, or vocal cord paralysis 
preoperatively.  

As such, though of certain value in the initial risk 
stratification and useful in guiding the treating 
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clinician in terms of initial post-surgical treatment, 
these staging systems are limited in the post-initial-
treatment course and fail precisely to dictate who 
will require more aggressive treatment and monitor-
ing versus who, due to very low risk of recurrent or 
persistent disease, can avoid these. Because of the 
significant difference in the post-initial-treatment 
course in those who will remain disease-free versus 
those who will not, a concept of risk-adaptive man-
agement of thyroid cancer has been proposed.22,23 

POST INITIAL THERAPY—INITIAL RISK 

STRATIFICATION FOR PERSISTENCE/ 

RECURRENCE 

Paradigms have shifted over the course of the past 
20 years. Formerly, emphasis was placed on early 
disease detection with the thought that detection of 
small-volume disease will lead to better clinical 
outcomes. That said, the majority of patients will not 
have recurrence.  

It is important to consider the ramifications of 
unnecessary intense monitoring, including the 
increased financial burden on patients and the 
health care system, as well as the psychosocial 
impact of aggressive testing for disease that will 
have little clinical impact over time. Conversely, 
patients initially thought to be at low risk for 
recurrence based on their original classification may 
have an incomplete response to therapy that without 
appropriate surveillance may be left undiagnosed 
and thus not appropriately treated. Without 
inclusion of a response-to-therapy variable, patients 
originally classified as low risk who do not respond 
as expected to initial therapy may be subjected to 
follow-up testing which is less than optimal. 
Alternatively, moderate-to-high-risk patients who 
demonstrate a complete response to initial therapy 
may still be considered at high risk for recurrence 
and thus encumbered by follow-up that is more 
intensive than necessary. Thus, risk stratification 
should be a dynamic process which may change over 
time based on follow-up testing and additional 
information obtained.  

Approximately 10 years ago, various authorita-
tive guidelines for the management of thyroid 
cancer had started to include an estimated risk of 
disease-specific death and/or recurrence in the 
recommendations for initial treatment and follow-
up.24,25 

In 2009, the revised guidelines for treatment of 
thyroid cancer from the American Thyroid Associa-

tion (ATA)26 incorporated a risk stratification 
system to predict risk of disease recurrence. With 
this system, patients were categorized as low risk, 
intermediate risk, and high risk. Variables include 
presence/absence of local and distant metastatic 
disease, degree of gross tumor resection, loco-
regional tumor invasion, histology (more or less 
aggressive, as discussed above), vascular invasion, 
as well as extent of uptake seen on a post-therapy 
whole-body scan if I-131 was administered.  

RISK STRATIFICATION FOR DISEASE 

RECURRENCE/PERSISTENCE—AN 

ONGOING PROCESS 

A study published by Tuttle et al.27 in 2010 followed 
patients for a median of 7 years after their original 
treatment and incorporated a response-to-therapy 
variable into the ATA risk stratification systems in 
order further to identify patients whose disease is 
likely to recur versus those likely to remain disease-
free. The goal was to validate the risk-of-recurrence 
staging system described in the ATA guidelines and 
to include a “response-to-therapy after 2 years” vari-
able in an assessment to modify the initial estimates 
of risk. Clinical endpoints classified patients as “no 
evidence of disease” or “persistent disease.” To be 
categorized as no evidence of disease (NED), 
patients had a suppressed thyroglobulin (Tg) <1 
ng/mL and no structural evidence of disease. 
Patients with persistent disease were divided into 
two groups: a “biochemical incomplete” group if 
either suppressed or stimulated Tg was elevated but 
they had negative imaging, or a “structural incom-
plete” group if they had either positive cytology/ 
histology, highly suspicious lymph nodes, thyroid 
bed nodules on ultrasound, or if findings highly 
suspicious for metastatic disease were seen on 
imaging such as radioactive iodine (RAI) scan, 18-
FDG-PET scan, or other. When using the ATA 
classification system, 86% of patients defined as low 
risk remained NED, whereas 57% remained NED in 
the intermediate-risk and 14% NED in the high-risk 
groups. Not unexpectedly, the proportions were 
different for biochemical incomplete (11% in the 
low-risk group, 22% in the intermediate-risk group, 
and 14% in the high-risk group) and structural 
incomplete (3% in the low-risk group, 21% in the 
intermediate-risk group, and 72% in the high-risk 
group). Patients were re-classified into “excellent 
response to therapy,” “acceptable response to 
therapy,” or “incomplete response to therapy.” 
When re-classifying patients based on response to 
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therapy, the assessed likelihood of persistent disease 
in the intermediate-risk group decreased from 18% 
to 2%, and in the high-risk group from 66% to 14%. 
Conversely, patients with an incomplete response to 
therapy had a higher likelihood of persistent/ 
recurrent disease, and this helped identify those 
patients who ultimately required closer monitoring 
or additional therapy. In the low-risk group, 
addition of the response-to-therapy variable led to 
an increased likelihood of disease from 3% to 13%, 
in the intermediate-risk group from 18% to 41%, and 
in the high-risk group from 66% to 79%. Similar 
results have been seen in subsequent studies.28–31 

These studies validate the ATA risk stratification 
system but also clearly highlighted the importance 
of incorporating response to therapy in the risk 
stratification as well as the significance of the 
process of risk stratification being a dynamic as 
opposed to static one.  

The recently published 2015 ATA guidelines for 
management of thyroid cancer32 proposed addition-
al considerations in the initial risk stratification 
process with an understanding that certain vari-
ables, such as those mentioned earlier, may pose a 
higher risk of disease recurrence/persistence and 
therefore should be incorporated. These guidelines 
demonstrate the complexity of the risk stratification 
process and suggest that patients fall into a 
continuum of risk of structural disease recurrence in 
patients without identifiable structural disease after 
initial therapy. Based on clinico-pathologic features 
thought to contribute to a higher or lower risk of 
disease recurrence, additional elements in this risk 
stratification process have therefore been added. 
These include histopathologic subtype, presence/ 
absence as well as degree of vascular invasion, 
focality (unifocal versus multifocal), number and 
size of pathologic regional lymph nodes with 
metastatic disease, encapsulated versus non-
encapsulated tumor, and, if known, BRAF V600E 
mutation status (in certain situations). 

THE ROLE OF GENETIC MUTATIONS AND 

MOLECULAR MARKERS IN RISK 

STRATIFICATION 

A number of genetic mutations are known to be 
associated with thyroid malignancy. A recent meta-
analysis33 of 14 studies found that patients with 
papillary thyroid cancer who were BRAF mutation 
positive had a 2.66-fold higher risk of death from 
their disease than those without. Patients with RAS 

mutation were 2.9-fold more likely to die from 
thyroid cancer than those without this mutation.  

A retrospective multicenter analysis34 following 
patients for a median of 33 months found that the 
presence of BRAF mutation was associated with a 
statistically significant increased risk of mortality 
(5.3% versus 1.1%, P<0.001) in patients with papil-
lary thyroid cancer. In a multivariate analysis 
including extra-thyroidal invasion, lymph node 
metastases, and distant metastases, the difference 
was no longer significant between those that were 
BRAF mutation positive or negative. Therefore, the 
utility of this mutation as an independent predictor 
of death is unclear.  

The same group evaluated the value of BRAF 
mutation as an indicator of risk of recurrence.35 
Over a median of 36 months, PTC recurrence was 
seen in 20.9% of patients who were BRAF mutation 
positive, versus in 11.6% of patients who were BRAF 
mutation negative. The hazard ratio for recurrence 
was 1.82 (95% CI 1.46–2.28, P<0.001). The differ-
ence remained statistically significant in multi-
variate analysis, suggesting that BRAF mutation is 
an independent risk factor for recurrence. To date, 
this is the largest cohort studied to assess the BRAF 
mutation as an independent variable in the risk 
stratification process. 

A 2012 meta-analysis36 showed that presence of 
BRAF mutation in PTC was significantly associated 
with a higher risk of recurrence, as well as extra-
thyroidal extension and lymph node metastases. As 
such, understanding the specific attributable risk of 
the BRAF mutation to recurrence is challenging. It 
appears that there may be an improvement in risk 
stratification when combining BRAF mutation 
status in context with other clinico-pathologic 
features37; however, additional study is needed. Not 
all studies have consistently shown this mutation to 
be associated with higher risk for a more aggressive 
clinical course,38–40 nor is the clinical ramification of 
the BRAF mutation identical in all subtypes of 
papillary thyroid cancer.41,42 

The significance of BRAF mutation as well as 
other mutations and molecular markers found to be 
associated with an effect on clinical course, 
recurrence or persistence, and/or prognosis is 
undergoing evaluation. As we continue to learn 
more about the characteristics of these tumors their 
role in the risk stratification process is likely to gain 
significance, potentially even in the preoperative 
setting. Increasingly, nodules with indeterminate 
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cytology on fine-needle aspiration biopsy (FNAB) 
are undergoing gene mutation analysis to predict 
the risk of malignancy.43–46 

THE ROLE OF THYROGLOBULIN IN RISK 

STRATIFICATION—POSTOPERATIVELY 

AND LONG TERM 

Measurement of serum thyroglobulin (Tg) is 
standard in the follow-up of thyroid cancer. It is a 
useful tool in predicting thyroid cancer persistence, 
recurrence, as well as lack of disease in well-
differentiated thyroid carcinoma.  

In recent years, the use of postoperative or post-
ablative Tg has been shown to be an important 
predictor of recurrence/persistence and can help 
guide the clinician when considering treatment and 
follow-up. Though the recent ATA guidelines do not 
incorporate Tg levels in the initial risk stratification 
process, Tg levels do have an intuitive role in risk 
stratification and can help guide the clinician in the 
decision-making process.  

Serum Tg (suppressed or stimulated) levels at 
the time of ablation have been repeatedly found to 
correlate with Tg levels in the initial follow-up 
period.47–50 Therefore, they may be used in the post-
surgical period to help guide treatment. 

In the post-thyroidectomy pre-ablative period, in 
patients considered to be low risk and certain 
patients with intermediate risk, a Tg (suppressed or 
stimulated) of <1 ng/mL is suggestive of a very good 
prognosis.51 It is thought that, in these patients, 
treatment with radioactive iodine is likely not 
needed and monitoring is appropriate.52 

The extent of surgery and completeness of resec-
tion can have an important role in a patient’s risk of 
persistent and/or recurrent disease. The decision 
regarding the initial surgical intervention and the 
burden of tissue/disease potentially left postopera-
tively warrant a separate thorough review and are 
not discussed here; however, a postoperative Tg 
level may provide the clinician with insight as to the 
degree of thyroid tissue remaining and may guide in 
the decision-making process. 

More recently, it has been suggested that a 
postoperative stimulated Tg in combination with 
ultrasonography is an appropriate step in the risk 
stratification process after surgery for low- or 
intermediate-risk patients as a guiding tool in the 
decision on whether or not to treat with radioactive 
iodine.53 

Current guidelines do not specifically outline 
which may be of greater or lesser significance, a 
stimulated or suppressed thyroglobulin, in the 
postoperative time frame. To date, no comparison 
studies have examined this period to answer this 
question. 

As the title of this review suggests, risk stratifica-
tion is an ongoing dynamic process. Following 
radioactive iodine treatment, patients are generally 
followed initially every 6–12 months with a serum 
Tg. In patients who are initially considered high 
risk, more frequent monitoring may be appropriate. 
Patients initially categorized as ATA low or 
intermediate risk, who had undergone remnant 
ablation/adjuvant therapy, should have a cervical 
ultrasound and Tg measured for evaluation of 
response to therapy at 6–18 months. The highest 
degree of sensitivity for serum Tg follows stimula-
tion, either by thyroid hormone withdrawal or after 
rhTSH (recombinant human TSH) injection, and 
therefore a stimulated Tg may be the most useful in 
determining those patients who are free of disease. 
In those patients who achieve an excellent response 
to therapy (no clinical evidence of tumor, no 
imaging evidence of tumor, and suppressed Tg <0.2 
ng/mL or stimulated Tg <1 ng/mL with negative 
antibodies), repeated stimulation testing may not be 
necessary, and the interval between subsequent Tg 
measurements may be lengthened to 12–24 months. 
Conversely, those patients who on follow-up have an 
indeterminate, biochemical incomplete or structural 
incomplete response to therapy noted on follow-up 
testing should be considered for more frequent 
monitoring, additional evaluation, and/or therapy.  

ADDITIONAL CONSIDERATIONS 

Though beyond the scope of this report, the subject 
of using molecular markers and genetic mutations 
for evaluation of nodules is being investigated not 
only for diagnosis of malignancy but also for 
prognostication and for consideration as to the 
extent of initial therapy needed.54,55

 

It becomes evident that, in this increasingly 
common malignancy, the socioeconomic burden of 
disease will have a significant impact on patients’ 
lives as well as the health care system. As discussed 
above, when considering risk stratification, it is 
important to identify those who will remain disease-
free who may not need aggressive treatment and/or 
follow-up. However, the paradigm continues to 
shift. More recently, thought has been given 
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regarding those with known disease, to identify 
those who require treatment versus those in whom 
the risk of treatment of their malignancy may 
outweigh the benefit.  

The recently published ATA guidelines support 
the concept of active surveillance for certain patients 
with papillary microcarcinoma. It is thought that 
one of the contributors to the increase in incidence 
of thyroid cancer is early diagnosis of thyroid cancer 
in clinically insignificant nodules, usually incidental-
ly discovered nodules measuring <1 cm.56 In a study 
published by Ito et al. in 2010,57 it was suggested 
that patients diagnosed with low-risk papillary 
microcarcinoma may be followed with close 
observation and that delayed surgical treatment in 
the context of suspected disease progression during 
surveillance did not worsen outcome. A follow-up 
study58 by this group found that young age (<40) 
was an independent predictor of disease progression 
and that older patients (≥60) were less likely to 
demonstrate disease progression. Similarly to their 
previous study, however, they found that outcome 
may not be worsened if treatment is delayed until 
disease has been shown to progress. A clinically 
applicable method to risk-stratify those patients who 
may be the most appropriate candidates for active 
surveillance in subclinical papillary microcarcinoma 
has been recently proposed.59 

The concept of active surveillance in patients 
with known/suspected disease has been further 
evaluated, with the important consideration of the 
clinical significance of disease versus that of 
additional treatment and may be an appropriate 
alternative in a select group of people with regional 
lymph node recurrence.60 

SUMMARY 

Differentiated thyroid cancer is an increasingly 
common malignancy, and its prevalence is the most 
rapidly increasing among solid tumors. Despite the 
rising incidence, mortality from thyroid cancer 
remains low. Nevertheless, the risk of disease 
recurrence/persistence in the years following 
original treatment, though tending to decrease 
incrementally, is not insignificant. The societal 
burden is multifaceted. It is important to keep in 
mind that though certain disease states may be 
associated with an increased risk of morbidity and 
mortality, so too may the various treatments offered 
to our patients.  

It has been established that though the initial 
staging systems may be appropriate for assessment 
of risk of mortality, they do not provide sufficient 
information to identify those patients at risk for 
clinically significant disease who will require more 
aggressive treatment and follow-up versus those 
who will not.  

Over recent years, a number of additional 
variables have been identified that may aid in the 
initial risk stratification and guide the clinician in 
answering questions such as: “Is surgery 
necessary?”, “What is the appropriate surgery?”, and 
“Is radioactive iodine appropriate?”. 

Finally, it is evident that risk stratification is an 
ongoing dynamic process and must incorporate a 
response-to-therapy variable. This will allow correct 
identification of recurrence/persistence in those 
patients initially thought to be low risk, and, 
similarly, those previously thought to be at high risk 
may be unencumbered by frequent unnecessary 
testing after displaying a successful response. 
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