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Using the American Thyroid Association Risk-Stratification
System to Refine and Individualize the American Joint
Committee on Cancer Eighth Edition Disease-Specific

Survival Estimates in Differentiated Thyroid Cancer
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Background: The eighth edition of the American Joint Committee on Cancer (AJCC) staging system has
reclassified up to one third of differentiated thyroid cancer patients into one of the younger prognostic stage
groups (<55 years of age at diagnosis, stage I or stage II). This reclassification widens the spectrum of disease in
these lower stages without significantly impacting overall disease-specific survival (DSS) for the entire stage
group. However, the optimistic DSS estimates in the <55-year-old stage groups may not accurately reflect the
prognosis of individual patients with American Thyroid Association (ATA) high-risk features. Therefore, the
aim of this study was to integrate the ATA risk classification system into the eighth edition AJCC staging
system to refine and individualize DSS estimates for differentiated thyroid cancer patients aged <55 years at
diagnosis.

Methods: Using the Memorial Sloan Kettering Cancer Center tumor registry, 4881 adult DTC patients aged <55
years at diagnosis receiving initial therapy between 1980 and 2016 were retrospectively analyzed. Using
Memorial Sloan Kettering Cancer Center registry coded data, all patients were assigned an eighth edition AJCC
stage (I or IT), ATA risk of recurrence (low, intermediate, or high), and age group at diagnosis (younger patients
defined as <45 years old, older patients defined as 45-55 years old). The primary outcome was 10-year DSS.
Results: Atotal of 122 (2.5%) disease-related deaths were observed in the cohort of 4881 patients during a median
follow-up of 6.6 years. Integration of the AJCC stage, ATA risk, and age groups identified six subgroups with
differing outcomes: (i) stage I/ATA low risk, younger and older, 100% DSS; (ii) stage I/ATA intermediate risk,
younger and older, 98% DSS; (iii) stage I/ATA high risk, younger, 95% DSS; (iv) stage I/ATA high risk, older,
89% DSS; (v) stage II/ATA high risk, younger, 78% DSS; and (vi) stage II/ATA high risk, older, 61% DSS.
Conclusions: Integration of AJCC stage, ATA risk, and age group (i) identifies six subgroups of patients with
progressively worse DSS as AJCC stage, ATA risk, and age increases, and (ii) provides a more individualized
estimate of DSS, especially in ATA high-risk patients.
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Introduction

THE CLINICAL MANAGEMENT of patients with differenti-
ated thyroid cancer (DTC) requires appropriate risk
stratification based on estimates of recurrence and disease-
specific survival (DSS) (1). The most widely used system for
predicting DSS in DTC is the American Joint Committee on
Cancer/tumor-node-metastasis staging system (AJCC/TNM;
www.cancerstaging.org). To characterize expected clinical
outcomes further, the American Thyroid Association (ATA)

risk-stratification system is commonly used to estimate the
risk of disease recurrence (2). Recently, the AJCC staging
system has undergone major modifications to reflect an
evolving understanding of the clinicopathologic factors as-
sociated with DSS (3). These modifications include raising
the age cutoff for staging purposes from 45 to 55 years of age
at diagnosis, removing microscopic extrathyroidal extension
seen only on histological examination from the definition of
T3 disease, and removing central or lateral lymph node me-
tastasis from stage III or IV disease, respectively (3,4).
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Recent studies show that the eighth edition AJCC staging
system moves up to one third of patients into lower stage
groups, resulting in a greater separation of the prognostic
stage group survival curves and improved prediction of DSS
(5-7). Despite the movement of a large number of patients
from higher to lower stages, the 5- and 10-year DSS of the
lowest prognostic stage groups appears to be unchanged
(5,6). While patients aged >55 years are categorized into one
of four prognostic stage groups, patients aged <55 years are
simply classified as either stage I (no distant metastases) or
stage II (distant metastases identified up to four months after
thyroidectomy). As a result, the <55-year-old stage I group
now includes patients with a wide spectrum of disease,
ranging from unifocal, intrathyroidal papillary micro-
carcinomas to poorly differentiated tumors with gross ex-
trathyroidal extension into major neck structures. Thus, there
is concern that the very optimistic 10-year DSS expected for
the entire cohort of stage I patients may not be applicable to
the subset of ATA high-risk patients included in the eighth
edition AJCC stage I prognostic group (8,9).

While AJCC staging has traditionally been used as a tool to
describe population-based outcomes for large groups of pa-
tients, the eighth edition promotes the inclusion of additional
prognostic factors and development of risk-assessment
models that allow the AJCC prognostic stage groups to inform
more personalized outcome predictions (10). Although the
ATA risk-stratification system was designed and validated to
provide individualized estimates of the risk of disease recur-
rence, it includes several recognized clinicopathologic vari-
ables that influence disease survival. Therefore, the goal of
this study was to expand the use of the ATA risk-stratification
system to refine the DSS predictions of the eighth edition
AJCC system in patients aged <55 years age at the time of
diagnosis. It was hypothesized that the ATA risk-stratification
system could be used to identify subsets of patients within the
younger prognostic groups who are likely to have a better or
worse DSS than that predicted for the entire cohort.

Methods

After receiving Institutional Review Board approval, data
from the Memorial Sloan Kettering Cancer Center (MSKCC)
tumor registry were retrospectively reviewed, corresponding
to 10,611 consecutive patients with DTC with initial therapy
initiated between 1980 and 2016. In contrast to previous
publications using the MSKCC surgical database, which in-
cluded only patients receiving their initial therapy at the
center (11,12), the MSKCC tumor registry includes patients
treated at MSKCC at any point in their disease course, including
those who had their primary surgery elsewhere and were sub-
sequently referred to the center for treatment or follow-up. After
exclusion of patients aged =55 years (n=3767), those with less
than two years of follow-up from the time of tumor diagnosis
(n=1362), those with anaplastic or medullary thyroid cancer
(n=204), and those with incomplete data for staging or recur-
rence risk (n=397), 4881 patients remained for analysis.

Using the MSKCC registry data, patients were assigned as
AJCC stage I if they had no evidence of distant metastases
(MO0/Mx) and stage II in the setting of distant metastases
(M1) at diagnosis. The assignment of ATA risk of recurrence
category followed the original 2009 ATA risk-stratification
system, which differs in a few ways from the most recent
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“ATA 2009 Risk Stratification System with Proposed
Modifications”” published in the 2015 ATA guidelines. The
2009 ATA risk-stratification system was used due to inherent
limitations in the available clinicopathologic data in the
MSKCC registry data, which did not allow for the assignment
of ATA risk using the most recently updated definitions.
Therefore, ATA risk of recurrence was assigned as follows:
high—distant metastases (M1) or gross extrathyroidal ex-
tension (T3b, T4a, T4b); intermediate—aggressive histology
(including all follicular or Hiirthle cell carcinomas), lymph
node metastasis (N1a or N1b), or microscopic extrathyroidal
extension; and low—absence of any of the above features.

While follicular and Hiirthle cell carcinomas without
vascular invasion generally carry an excellent prognosis, it
was not possible to evaluate vascular invasion consistently in
these tumors using MSKCC registry data. Therefore, all
follicular and Hiirthle cell carcinomas have been included as
ATA intermediate risk in recognition of their potential to be
higher-risk tumors.

Within each ATA risk category, patients were analyzed
based on two age groups: younger patients defined as <45
years old at diagnosis (corresponding to the <45-year-old age
cutoff used in the AJCC seventh edition staging system), and
older patients defined as 45-55 years old (corresponding to
the cohort of patients moved into the younger patient group
based on the <55-year-old age cutoff used in the AJCC eighth
edition). Other tumor registry coded clinical variables were
collected such as patient age at diagnosis, sex, histologic
type, tumor size, presence or absence of minor or gross ex-
trathyroidal extension, lymph node status, and presence or
absence of distant metastases. The time to last follow-up or
death, vital status, and cause of death for each patient were
determined. For all deceased patients, the individual elec-
tronic medical records were reviewed to confirm the cause of
death, AJCC stage, and ATA risk of recurrence. The primary
outcome was DSS defined as the time from the date of tumor
diagnosis to the date of death or last follow-up. DSS was
stratified according to patients’ AJCC stage, ATA risk of
recurrence, and age group.

Statistical analysis was performed using IBM SPSS Sta-
tistics for Windows v24.0 (IBM Corp., Armonk, NY).
Baseline characteristics are expressed as median and ranges
for continuous variables and as proportions and frequencies
for categorical variables. Categorical variables were com-
pared using chi-square analysis. Survival was determined
using the Kaplan—-Meier method, and differences were
compared using the log-rank test. A p-value of <0.05 was
considered statistically significant.

Results

Baseline characteristics of 4881 patients with DTC aged
<55 years at diagnosis with at least two years of follow-up by
the tumor registry are outlined in Table 1. The majority of
patients were female (73%) and had papillary thyroid cancer
(96%). The median age at diagnosis was 40 years (range 18—
54 years), and the median follow-up was 6.6 years (range 2—
35 years). The vast majority of the patients were AJCC stage [
(98%), while 37% (n=1799) were ATA low risk, 55%
(n=2692) were ATA intermediate risk, and 8% (n=390)
were ATA high risk. When analyzed by age category, 3167
(65%) of patients were in the <45-year-old age group (3131
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TABLE 1. BASELINE PATIENT CHARACTERISTICS

Patient characteristic n (%)
Patients 4881
Age at diagnosis, years, median (range) 40 (18-54)
Age category
18-44 3167 (66%)
45-54 1714 (35%)
Sex
Female 3568 (73%)
Male 1313 (27%)
Histology
Papillary 4677 (96%)
Follicular (includes Hiirthle cell 204 (4%)
carcinoma)
T stage
T1 2181 (45%)
T2 999 (21%)
T3 1114 (23%)
T4 295 (6%)
Insufficient data 292 (6%)
N stage
NO/Nx 3167 (65%)
N1 1571 (32%)
Insufficient data 143 (3%)
M stage
MO 4797 (98%)
Ml 84 (2%)

Extrathyroidal extension
None

3224 (66%)

Microscopic 1016 (21%)

Gross 286 (6%)

Insufficient data 355 (7%)
AJCC/TNM stage (< 55)

I 4797 (98%)

I 84 (2%)
ATA risk of recurrence

Low 1799 (37%)

Intermediate 2692 (55%)

High 390 (8%)
Follow-up, years, median (range) 6.6 (2-35)
Died of any cause 229 (5%)
Disease-related death 122 (2.5%)
Time to death, years, median (range) 9.1 (2-34)

AJCC, American Joint Committee on Cancer; TNM, tumor-node-
metastasis; ATA, American Thyroid Association.

stage I, 36 stage II), and 1714 (35%) of patients were in the
45-55-year-old age group (1666 stage I, 48 stage II). The
baseline characteristics of the study cohort were compared to
those patients excluded for less than two years of follow-
up. No differences were found in the median age, sex, his-
tology, AJCC stage, or incidence of death from any cause
between the two groups (data not shown).

There were 229 (5%) overall deaths, and 122 (2.5%) thy-
roid cancer-related deaths during follow-up. The disease-
specific deaths were associated with progressive distant
metastases in 109 (89%) patients and with locoregional
structural disease progression in 13 (11%) patients. Seventy-
five percent of the disease-specific deaths occurred in patients
diagnosed between 40 and 55 years of age (median age at
diagnosis 47 years, range 22—-54 years; see Table 2). Twenty-

TABLE 2. CHARACTERISTICS OF 122 PATIENTS
WITH THYROID CANCER-RELATED DEATH

Descriptor (number

in entire cohort) Number Percentage
Median age at diagnosis 47 years —
(range) (22-54 years)
Sex
Female (n=3568) 57 47%
Male (n=1313) 65 53%
Histology
Papillary (n=4677) 79 65%
Follicular (n=204) 43 35%
Age at diagnosis by decade
18-19 (n=57) 0 0%
20-29 (n=736) 8 7%
30-39 (n=1546) 23 19%
40-49 (n=1710) 55 45%
50-54 (n=832) 37 30%
Time to death in years
<5 years 28 23%
5-10 years 38 31%
>10 years 56 46%

three percent of the disease-specific deaths occurred within
five years of diagnosis, while 31% occurred 5-10 years after
diagnosis and 46% occurred >10 years after diagnosis. The
median time to disease-specific death was nine years (range
2-34 years). For stage I patients, the median time to disease-
specific death was 10 years (range 2—34 years), and for stage
II patients it was 6.5 years (range 2.5-23 years; p=0.003).
The majority of patients who died of disease had tumors of
papillary histology (n=79), while 43 were encoded as fol-
licular carcinomas, of which 16 were reclassified as Hiirthle
cell carcinoma after review of pathology reports.

DSS by AJCC stage and ATA risk category

Of the 122 disease-specific deaths, 96 occurred in the 4797
stage I patients, and 26 occurred in the 84 stage II patients.
While there were no disease-specific deaths in ATA low-risk
patients, 59 disease-specific deaths were seen in the 2692
ATA intermediate-risk patients and 63 deaths occurred in the
390 ATA high-risk patients. Kaplan—-Meier curves depicting
DSS for the eighth edition AJCC prognostic stage groups and
the ATA risk categories are shown in Figure 1. While AJCC
stage I patients demonstrated an excellent 10-year DSS of
98%, the stage II patients had a worse than anticipated 10-
year DSS of only 68% (p<0.0001). As expected, the ATA
low- and intermediate-risk patients had excellent 10-year
DSS (100% and 98%, respectively), while the ATA high-
risk patients demonstrated a lower 10-year DSS of 87%
(p<0.0001).

Integrating ATA risk categories with AJCC staging

As shown in Table 3, AJCC stage I was composed of 38%
ATA low-risk patients, 56% ATA intermediate-risk patients,
and 6% ATA high-risk patients (on the basis of gross extra-
thyroidal extension, T3b/T4a/T4b, MO). By definition, all
patients within AJCC stage I had distant metastases and were
therefore classified as ATA high risk (any T, any N, M1).
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Twenty-year disease-specific survival (DSS) in 4881 differentiated thyroid carcinoma (DTC) patients aged <55

years at diagnosis by (A) eighth edition American Joint Committee on Cancer (AJCC) stage and (B) American Thyroid

Association (ATA) risk category.

Thus, integration of the ATA risk-stratification system with
the AJCC eighth edition staging system identified four po-
tential subsets of patients (stage I low risk, stage I interme-
diate risk, stage I high risk, and stage II high risk). As shown
in Figure 2, both stage I low- and intermediate-risk patients
had excellent 10-year DSS (100% and 98%, respectively).
However, stage I high-risk patients had a poorer 10-year DSS
at 92%, and stage II high-risk patients had the worst 10-year
DSS at 68% (p <0.0001).

Evaluating the impact of age category on 10-year DSS
within the four AJCC/ATA subgroups

Because of the lower than expected 10-year DSS in the
ATA high-risk patients in both AJCC stage I and stage II, the
data were reanalyzed based on age groups (<45 vs. 45-55
years old) to evaluate the impact of the reclassification of

patients in the eighth edition AJCC staging system and to
determine whether there was a significant difference in DSS
between the age groups within the respective AJCC/ATA
subgroups. The corresponding Kaplan—Meier curves dem-
onstrated six subgroups with progressively worse DSS as
AJCC stage, ATA risk, and age increased (see Fig. 3): (i)
stage I/ATA low risk, younger and older, 100% DSS; (ii)
stage I/ATA intermediate risk, younger and older, 98% DSS;
(iii) stage I/ATA high risk, younger, 95% DSS; (iv) stage I/
ATA high risk, older, 89% DSS; (v) stage II/ATA high risk,
younger, 78% DSS; and (vi) stage II/ATA high risk, older,
61% DSS.

Specific 10-year DSS outcomes are presented in Figure 4
for each subgroup. Within the AJCC stage I cohort, ATA
low- and intermediate-risk patients had the same excellent
DSS (>98%) that varied little by age group. However, stage [
ATA high-risk patients had a poorer 10-year DSS (92%) than

TABLE 3. DISTRIBUTION BY AJCC STAGE AND ATA Risk CATEGORY IN 4881 DIFFERENTIATED THYROID
CANCER PATIENTS <55 YEARS OLD AT DIAGNOSIS

ATA risk of recurrence category

AJCC stage Percent within AJICC stage Low Intermediate High
I 98% (4797/4881) 38% (1799/4797) 56% (2692/4797) 6%" (306/4797)
I 2% (84/4881) — — 100%" (84/84)

Total (all stages) 4881

1799 2692 390

aCla331ﬁed as ATA high risk on the basis of the presence of gross extrathyroidal extension (any N, T3b/T4a/T4b, MO).
"Classified as ATA high risk on the basis of M1 disease (any T, any N, M1).
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the overall stage I group (98%; p<0.001) with even worse
outcomes seen in the older (45-55-year-old) cohort (89%;
p=0.002 compared to the younger stage I ATA high-risk
patients with a 95% 10-year DSS).

The largest difference in DSS was seen in the stage II,
high-risk patients, where older patients had a substantially
lower DSS compared to younger patients (61% vs. 78%, re-
spectively; p=0.04). Even though only 48 patients with
distant metastases moved from seventh edition stage IV into
the eighth edition stage II group, these patients represent 57%
(48/84) of the eighth edition stage II cohort, thus accounting
for the substantial impact of this small group on the DSS for
the entire stage II cohort.

Discussion

This retrospective analysis of 4881 patients with DTC
diagnosed prior to 55 years of age demonstrates that both the
AJCC eighth edition and the ATA risk-stratification system
can be used to estimate DSS for large cohorts of patients.
However, since the AJCC stage groups include patients with
a broad spectrum of disease, integration of AJCC stage with
ATA risk moves from a ‘“‘one size fits all”’ prognostic ap-
proach to a more refined and individualized DSS estimate
than AJCC stage alone. From a practical standpoint, AJCC
stage, ATA risk, and age at diagnosis are integrated to clas-
sify patients <55 years old at diagnosis into one of six discrete
risk groups (see Fig. 4): (i) stage I, low risk: ~100% 10-year
DSS; (ii) stage I, intermediate risk: ~98% 10-year DSS;
(iii) stage I, high risk <45 years old: ~95% 10-year DSS; (iv)
stage I, high risk 45-55 years old: ~89% 10-year DSS; (v)
stage II, high risk <45 years old: ~78% 10-year DSS; and
(vi) stage II, high risk 45-55 years old: ~61% 10-year DSS.

This simple six-category subclassification provides more
realistic and personalized DSS risk estimates for individual
patients than the overall DSS predicted for the full cohort of
stage I and stage II patients. This is achieved without the need
to gather any additional clinicopathologic information be-
yond that which is routinely collected for initial AJCC and
ATA risk stratification of DTC patients. For practical pur-
poses, the identification of low- and intermediate-risk pa-
tients within stage I does not significantly refine the 10-year

DSS in these patients. Rather, it is the identification of high-
risk patients within stage I and the further subdivision by age
category that leads to the greatest refinement of risk of DSS
compared to that predicted by the stage group alone. Further
refinement of DSS estimates are important because a review
of 14 staging systems for papillary thyroid cancer found
that while all systems significantly predicted DSS, no exist-
ing staging system was able to identify accurately the small
subset of patients who died of thyroid cancer in the lower stage
groups (13). Future editions of the AJCC staging manual
should consider using the ATA risk category to define addi-
tional prognostic stage subgroups or expand the number of
possible stages in the <55-year-old age group. Alternatively, the
next iteration of the AJCC staging manual should consider
using age at diagnosis as a continuous variable, rather than an
arbitrary single age cut point, to integrate age at diagnosis better
across all prognostic stage groups (12,14,15).

Recent studies of DTC patients have reported an overall
disease-related mortality rate of 1.0-2.6%, consistent with
the observed rate of 2.5% (8,11,12,16,17). This figure is
likely influenced by the degree of referral bias and length of
follow-up in each study. The study included patients from the
MSKCC tumor registry, which is comprised of patients re-
ferred at any point in their clinical course and follows their
disease and vital status long term, regardless of where they
continue their care. This allows disease-related deaths that
occurred long after the initial tumor diagnosis to be captured,
as evidenced by the fact that 77% of patients in the cohort
died from disease more than five years after diagnosis.

While representing only 6% of the stage I prognostic
group, patients classified as having ATA high-risk disease
demonstrate a 10-year DSS of 92% (as opposed to the 98%
10-year DSS predicted for the entire stage I cohort). This is
not surprising, since gross extrathyroidal extension (the pri-
mary reason that stage I patients would be classified as ATA
high risk) is a known risk factor for disease-specific mortality
(18-20). The DSS in stage I ATA high-risk patients can be
further refined based on age group, with older patients (45-55
years old) having an even worse predicted 10-year DSS of
only 89%. This is consistent with previous publications
documenting worse DSS as age increases (12,17,21,22).
Thus, integration of AJCC prognostic stage with ATA risk
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can better identify the small subgroup of AJCC stage I pa-
tients that die from thyroid cancer.

By definition, all young AJCC stage II patients (<55 years
old) have ATA high-risk disease based on the presence of
distant metastases. Thus, ATA risk cannot be used to indi-
vidualize risk estimates in AJCC stage II patients. However,
since increasing age is known to be a strong predictor of DSS,
it is not unexpected that the older patients within this stage 11
cohort (45-55 years old) have a significantly worse 10-year
DSS than the younger patients (61% vs. 78%, respectively;
p=0.004). The 78% 10-year DSS of <45-year-old stage II
patients seen in the data is consistent with the approximately
80% 10-year overall survival for patients <45 years old with
distant metastases previously reported (23).

Previous studies have noted that the number of patients
with high-risk disease who are moved from seventh edition
stage IVC to eighth edition stage II as a result of the change in
age cutoff is small and therefore has minimal impact on the
DSS of the stage II cohort (12,16). Indeed, in this study, only
48 patients aged between 45 and 55 years with distant me-

Time (months)

tastases moved from seventh edition stage IVC to eighth
edition stage II when reclassified, representing just 1.0% of
the entire cohort. However, the migrated group had a 10-year
DSS of 61% and, when moved to eighth edition stage II,
comprised 57% of the stage II cohort (48/84). In this way,
even the movement of a small number of patients at high risk
of death significantly lowered the DSS of young stage II
patients, resulting in the observed 68% 10-year DSS of AJCC
stage II patients in the present study.

Prior studies examining the DSS after reclassification to
AJCC eighth edition did not report DSS for ““young’ (18-55
years) versus ‘‘old” (>55 years) stage I and II groups sepa-
rately (5-7). Rather, the DSS was reported by stage group,
irrespective of age. In this way, the impact of the small
number of high-risk patients aged 45-55 years that migrated
to the young stage I and II groups may have been masked. For
example, Kim et al. (5) described the migration of 611 pa-
tients into the stage I group (n=2576) and 490 patients into
the stage II group (n=508). Only 10/490 patients downstaged
into group II had distant metastases. By definition, these 10
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¥ ¥
AJCC Stage I AJCC Stage IT
98% DSS 68% DSS
(4797) (84)
FIG. 4. Ten-year DSS in y L. l
4881 DTC patients aged <55 ATA Low ATA Intermediate ATA High ATA High
years at diagnosis by eighth on 9 g NN UED N e
1799 2692 306 84
edition AJCC stage stratified — 222 (30¢) &)
by ATA risk category and
age group. « 45 yrs <45 yrs < 45 yrs <« 45 yrs
100% DSS 99% DSS 95% DSS 78% DSS
(1060) 1868 (205) (36)
i 45-55 B 45-55 yrs
I A —— el
(739) (826) (101) (48)

(number of patients in each subgroy

Compared to younger group: *p<0.0001, 1p=0.002, ¥p=0.044



INDIVIDUALIZING AJCC SURVIVAL ESTIMATES USING ATA RISK CATEGORIES

patients must have been aged 45-55 years with distant me-
tastases, and thus migrated from seventh edition >45 years
stage IVC to eighth edition <55 years stage II. When con-
sidering the impact of these 10 patients in a cohort of 508
stage II patients of any age, it is not surprising that the 10-year
DSS of the seventh and eighth edition stage II cohort re-
mained similarly excellent (92.5% vs. 94.0%, respectively).

As with all retrospective studies, there are inherent limita-
tions that must be acknowledged. All data analysis was based
on tumor registry coded data (augmented by primary chart
review only in patients who died during follow-up). Thus,
some clinicopathologic factors now understood to have prog-
nostic significance were not available for analysis (such as
postoperative thyroglobulin levels, detailed histological eval-
uations classified using current nomenclature, vascular inva-
sion, size and number of lymph node metastases, and detailed
extent of gross extrathyroidal extension). As a result, ATA risk
of recurrence was assigned using the previously validated 2009
ATA risk-stratification system using as much clinical infor-
mation as was available. Although all follicular and Hiirthle
cell carcinomas were classified as intermediate risk in this
study, it is recommended that clinicians classify these tumors
according to the updated ATA risk-classification system using
all available clinical information. Moreover, since MSKCC is a
tertiary referral center, the DSS in this cohort may reflect a
referral bias of more advanced thyroid disease. Lastly, it is
possible that the median follow-up of 6.6 years fails to capture
disease-related mortality in the very small number of low-risk
patients who may have recurrence and disease progression
decades after their original diagnosis (24). Conversely, the
strength of this study include the large sample size, the rela-
tively large number of disease-related deaths, and the meticu-
lous follow-up of patients for survival endpoints, even if
follow-up occurred outside of the center.

In summary, while the eighth edition provides meaningful
risk stratification across all prognostic stage groups, the wide
spectrum of disease included in the younger AJCC stage I/II
patients requires an assessment of additional risk factors to
refine and individualize these predictions for clinical use. A
composite staging approach that integrates AJCC stage with
ATA risk and age at diagnosis allows for the definition of six
discrete risk cohorts that provide greater refinement of prog-
nostic estimates for patients with DTC. While further studies
are needed to validate this composite staging approach using
the modified 2009 ATA risk-classification system, it repre-
sents another step forward in the movement toward individu-
alized risk assessment and management for patients with DTC.
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