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Projecting Survival in Papillary Thyroid Cancer:
A Comparison of the Seventh and Eighth Editions

of the American Joint Commission on Cancer/Union
for International Cancer Control Staging Systems
in Two Contemporary National Patient Cohorts

Lauren N. Pontius,1 Taofik O. Oyekunle,2 Samantha M. Thomas,2,3 Michael T. Stang,2,4

Randall P. Scheri,2,4 Sanziana A. Roman,2,4 and Julie A. Sosa2,4,5,6

Background: This study aims to compare the seventh and eighth editions of the American Joint Commission on
Cancer/Union for International Cancer Control (AJCC/UICC) tumor, node, metastasis staging system for
patients with papillary thyroid cancer (PTC) in two national patient cohorts.
Methods: Adult PTC patients undergoing surgery were selected from the Surveillance, Epidemiology and End
Results (SEER) program (2004–2012) and the National Cancer Database (2004–2012). Staging criteria for the
seventh and eighth AJCC/UICC editions were applied separately to each cohort. Survival probabilities were
estimated using the Kaplan–Meier method. Multivariable Cox proportional hazards models were used to
estimate the association of stage with survival in both settings. The Akaike information criterion was used to
assess model performance.
Results: About 23% of patients were downstaged from the seventh to the eighth edition in SEER, while 24%
were downstaged in the National Cancer Database. Disease-specific survival (DSS) and overall survival (OS)
were significantly related to stage at diagnosis when using both the seventh and eighth editions of the AJCC/
UICC staging system ( p < 0.001). Patients classified into higher stages (III and IV) in the eighth edition showed
a worse prognosis than those classified into similar stages in the seventh edition. After adjustment, PTC stages
as defined by both editions were significantly associated with DSS and OS. With respect to both DSS and OS,
the eighth edition PTC model appeared to be a better fit to the data (smaller Akaike information criterion
values) compared to the seventh edition.
Conclusion: Based on these large contemporary national cohorts, the eighth edition AJCC/UICC tumor, node,
metastasis classification for PTC is superior to the seventh edition for predicting survival.

Keywords: papillary thyroid cancer, AJCC/UICC staging system, National Cancer Database, Surveillance,
Epidemiology and End Results, overall survival, disease-specific survival

Introduction

Over time, many different systems have been em-
ployed to stage papillary thyroid cancer (PTC), in-

cluding the American Joint Commission on Cancer/Union
for International Cancer Control’s tumor, nodes, metastases
(AJCC/UICC TNM) (1); age, grade, extent, size (AGES)
(2); age, metastases, extent of disease, size (AMES) (3);

metastases, age, completeness of resection, invasion lo-
cally, size (MACIS) (4–6); the European Organization for
Research and Treatment of Cancer (EORTC) (7); and the
National Thyroid Cancer Treatment Cooperative Study
(NTCTCS) (8). The AJCC/UICC TNM system for tumor
staging has become the most widely used to anticipate
patients’ survival prognosis, and has undergone several
iterations over time.
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A new edition of the AJCC/UICC TNM staging system
(the eighth edition) has been released, and it is anticipated to
be introduced into clinical practice in January 2018 (9). In
previous editions, an age cut point of 45 years was employed.
Patients who were <45 years could only be assigned to stage I
(absence of distant/extra-cervical metastases) or stage II
(presence of distant/extra-cervical metastases), while pa-
tients ‡45 years could be assigned to stages I–IV, based on
local tumor characteristics and the presence/absence of cer-
vical lymph node or distant metastases (10). A retrospective
study of >31,000 patients in the Surveillance, Epidemiology,
and End Results (SEER) program by Adam et al. assessed the
relationship between age and cancer-specific survival in PTC
(11), and found that patient age was associated with mortality
from PTC in a linear manner, without an apparent age cut
point demarcating a sharp survival difference. Another study
by Nixon et al. used a single institution database to determine
that the age of 55 years served as a superior cut point than
that of 45 years for PTC staging (12). The proposed eighth
edition has moved the cut point to age 55 years. It has also
reclassified patients with unknown lymph node status more
specifically, and removed ‘‘minimal’’ extrathyroidal exten-
sion from staging, designating patients as having either dis-
ease limited to the thyroid or gross extrathyroidal extension.

The primary aim of this study was to compare the seventh
and eighth editions of PTC staging according to the AJCC/
UICC TNM system based on two national cohorts, and to
determine if the eighth edition provides better delineation for
disease-specific survival (DSS) and overall survival (OS)
based on disease stages compared to the seventh edition.

Methods

Data

The SEER program of the National Cancer Institute (NCI)
collects and publishes data on cancer incidence and survival
from 14 population-based cancer registries and three sup-
plemental registries covering approximately 28% of the U.S.
population (13,14). The National Cancer Database (NCDB)
is a nationwide, facility-based, comprehensive clinical sur-
veillance resource oncology data set that currently captures
70% of all newly diagnosed malignancies in the United States
annually. The NCDB, established in 1989, culls information
from >1500 Commission on Cancer–accredited facilities,
and is jointly sponsored by the American College of Surgeons
and the American Cancer Society (15–17).

These two data sets were examined in tandem in order to
describe fully the staging criteria changes from the seventh to
eighth editions of the AJCC/UICC TNM staging system.
SEER contains a more limited sample of patients and reports
DSS in addition to OS. The NCDB contains more patients
and collects more variables. However, it only includes
overall survival (OS). Data on DSS were obtained from the
SEER data set, and the NCDB was used as the source of data
for OS for the purposes of comparing the seventh and eighth
editions of the AJCC/UICC staging systems for PTC.

Study population

Both SEER and the NCDB were queried for all adult
patients (‡18 years) diagnosed with PTC who underwent
thyroid surgery of any extent between 2004 and 2012. A PTC
diagnosis was identified with the ICD-O, third edition codes:

8050/3, 8260/3, 8340/3, 8341/3, 8342/3, 8343/3, and 8344/3
(Supplementary Table S1; Supplementary Data are available
online at www.liebertpub.com/thy). Demographic variables
included patient age at diagnosis, sex, race/ethnicity, and year of
diagnosis. Treatment variables included extent of surgery and
radioactive iodine (RAI). Pathologic characteristics included
presence/absence of multifocal disease, extrathyroidal exten-
sion, and pathologic T, N, and M stages. Patients with missing
data on pathologic T, N, and M stages or survival information
were excluded (Supplementary Fig. S1). Because both SEER
and NCDB data files contain de-identified records, this study
was granted exempt status by the Institutional Review Board.

Changes from seventh to eighth editions
of the AJCC/UICC TNM staging system

In the eighth edition of the AJCC/UICC TNM staging
system, most of the critical elements of the seventh edition

Table 1. Patient Demographic and

Clinicopathologic Characteristics of Papillary

Thyroid Cancer Patients in the SEER Program

(2004–2012) and the NCDB (2004–2012)

Patient characteristics
SEER

(N = 64,342)
NCDB

(N = 179,698)

Age, median (IQR) 48 (38–58) 49 (39–60)

Sex
Female 50,736 (78.9%) 139,778 (77.8%)

Race/ethnicity
White 52,714 (81.9%) 153,508 (87.0%)
Black 3957 (6.2%) 12,300 (7.0%)
Other 7671 (11.9%) 10,554 (5.9%)

Insurance status
Insured 45,579 (70.8%) 172,453 (95.9%)
Not insured 1318 (2.1%) 4652 (2.6%)

Margin statusa

Negative — 154,991 (86.3%)
Positive — 19,122 (10.6%)

Tumor focality
Multifocal 26,356 (41.0%) 71,144 (39.6%)
Unifocal 37,199 (57.8%) 104,772 (58.3%)

Extrathyroidal extension
Present 10,764 (16.7%) 27,982 (15.6%)
Absent 53,578 (83.3%) 151,539 (84.3%)

Surgery
Total 55,057 (85.6%) 153,302 (85.3%)
Partial 9285 (14.4%) 26,396 (14.7%)

Radioactive iodine
Yes 32040 (49.8%) 87,268 (48.6%)
No 31,028 (48.2%) 84,709 (47.1%)

Pathologic T stage
1 40,420 (62.8%) 117,129 (65.2%)
2 10,196 (15.9%) 27,937 (15.6%)
3 11,461 (17.8%) 29,093 (16.2%)
4 2265 (3.5%) 5539 (3.0%)

Pathologic M stage
0 63,805 (99.2%) 178,595 (99.4%)
1 537 (0.8%) 1103 (0.6%)

Percentages may not add up to 100% due to missing data.
aMargin status not captured in SEER.
SEER, Surveillance, Epidemiology, and End Results; NCDB,

National Cancer Database; IQR, interquartile range.
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were retained, but many changes were made (Supplementary
Tables S2 and S3). The explicit inclusion of pNX among the
staging criteria in the eighth edition is a departure from the
seventh edition staging system. Patients for whom lymph
nodes were not resected at the time of surgery, and therefore
had no lymph node tissue made available to pathology for
evaluation, are designated pNX. Information about the
number of lymph nodes found to contain metastases patho-
logically was used to confirm pNX classification (Supple-
mentary Fig. S2). For the purposes of this study, it was
assumed that patients classified as pNX had clinically nega-
tive lymph nodes with likely no significant lymph node me-
tastasis, and therefore they were treated in the analysis for the
seventh edition classification as having cN0 status.

Statistical analyses

The seventh and eighth editions of the AJCC/UICC staging
system for PTC were applied to the NCDB and SEER co-
horts. Unadjusted survival estimates were calculated using the
Kaplan–Meier method, and log-rank tests were used to test for
differences in survival among the four staging groups. Cox
proportional hazard modeling was used to estimate the effect
of stage on survival after adjustment for known covariates,
including patient sex, race/ethnicity, year of diagnosis, insur-
ance status, margins status, tumor multifocality, RAI use, ex-
trathyroidal extension, and extent of surgery (Supplementary
Table S4). Statistical performance of the adjusted models fit
under both AJCC/UICC editions was assessed using the
Akaike information criteria (AIC) (18). The AIC measures the
relative quality of statistical models for a given set of data,
thereby providing a means for model selection. Among many
possible models, the model with the smallest AIC has the least
information lost and is chosen as the best model to represent
the true model. The proportional hazards assumptions were
assessed by examination of the Martingale residuals (19).

Martingale residuals are useful in assessing model adequacy
with respect to the proportional hazards assumptions and the
functional form of the influence of a covariate in a model while
adjusting for others. If the proportional hazards assumption
was violated for a given covariate, interpretation was still
made, and should be considered the average effect, as sug-
gested in statistical literature (20).

A two-sided significance level of 0.05 was used for all
statistical tests. No adjustments were made for multiple
comparisons. Analyses were performed using SAS v9.4 (SAS
Institute, Cary, NC) and R v3.3.0 (Vienna, Austria).

Results

Patient characteristics

A total of 64,342 patients met the inclusion criteria in the
SEER cohort. Of these, 79% were female, and 82% were
white. The median age was 48 years (interquartile range
[IQR] = 38–58 years), and the median follow-up time was 53
months (range 0–119 months; Table 1). Nearly 41% were
classified as <45 years of age in the seventh edition compared
to 67% who were <55 years of age in the eighth edition. There
were fewer stage I patients in the seventh edition than there
were in the eighth edition (76% vs. 90%, respectively), and
there were more stage IV patients in the seventh edition
compared to the eighth edition (6% vs. 1%; Table 2).

Among the 179,698 patients who met the inclusion criteria in
the NCDB cohort, 78% were female, and 87% were white. The
median age was 49 years (IQR = 39–60 years), and median
follow-up time was 50 months (range 0–132 months; Table 1).
There were 37% classified as <45 years of age in the seventh
edition compared to 63% who were <55 years of age in the
eighth edition. Fewer patients (75% vs. 89%) were grouped into
stage I in the seventh edition compared to the eighth edition,
and more patients (6% vs. 1%) were assigned to stage IV in the
seventh edition compared to the eighth edition (Table 2).

Table 2. Comparison of Characteristics of PTC Patients Between Seventh and Eighth Editions

of the AJCC/UICC Staging System Based on TNM Stage, Age Group, and Pathologic

N Stage in NCDB and SEER (2004–2012)

Patient characteristics

SEER (N = 64,342) NCDB (N = 179,698)

7th edition 8th edition 7th edition 8th edition

Stage
I 48,815 (75.9%) 57,769 (89.8%) 135,574 (75.4%) 160,538 (89.3%)
II 4355 (6.8%) 5245 (8.2%) 12,927 (7.2%) 15,744 (8.8%)
III 7530 (11.7%) 668 (1.0%) 21,302 (11.9%) 2367 (1.3%)
IV 3642 (5.7%) 660 (1.0%) 9895 (5.5%) 1049 (0.6%)

Age groupa

Young 26,662 (41.4%) 43,346 (67.4%) 67,120 (37.4%) 112,911 (62.8%)
Old 37,680 (58.6%) 20,996(32.6%) 112,578 (62.6%) 66,787 (37.2%)

Pathologic N stage
0 51,182 (79.6%) 50,443 (78.4%) 146,539 (81.5%) 105,553 (58.7%)
1 — 13,160 (20.4%) — 33,189 (18.5%)
1a 8191 (12.7%) — 20,554 (11.4%) —
1b 4969 (7.7%) — 12,635 (7.1%) —
X — 739 (1.2%) — 40,974 (22.8%)

a7th edition: young (<45 years), old (‡45 years); 8th edition: young (<55 years), old (‡55 years).
AJCC/UICC, American Joint Commission on Cancer/Union for International Cancer Control; TNM, tumor, node, metastasis.
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Patient stage migration

After classifying patients across all stages from the seventh
to the eighth editions in SEER, 77% of patients remained in
their previous stage, and the remaining 23% of patients were
reclassified to a lower stage. All patients with stage I disease
in the seventh edition remained in stage I in the eighth edi-
tion; about 3% retained stage II classification, and 18% re-
tained stage IV classification. All stage III patients in the
seventh edition were downstaged in the eighth edition (Fig. 1
and Table 3). In the NCDB, 76% of patients remained in their
previous stage, while most of the remaining patients were
reclassified to lower stages. Again, all stage III patients in the
seventh edition were downstaged in the eighth edition (Fig. 1
and Table 3). Changes in T, N, or M accounted for more
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FIG. 1. Alluvial flow diagram representing the restaging
of patient cohorts from the seventh to the eighth edition of
the American Joint Commission on Cancer/Union for In-
ternational Cancer Control (AJCC/UICC) tumor, node,
metastasis (TNM) staging system in (A) the Surveillance,
Epidemiology, and End Results (SEER) program and (B)
the National Cancer Database (NCDB). Numbers represent
the absolute number of patients within each stage, with flow
line width proportional to the number of patients moving to
a new stage classification. For the percentage of patients
moving to each new stage, see Table 3.
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patient movement into lower stages of disease than the
change in age alone (24% vs. 17%) in both SEER and NCDB.

Unadjusted and adjusted survival analyses

Due to insufficient follow-up for the SEER cohort, only
five-year DSS and five-year OS could be prepared for the

seventh and eighth editions. DSS was significantly related to
stage at diagnosis when using both seventh and eighth edi-
tions of the AJCC/UICC staging system ( p < 0.001), and
there was more differentiation between stages I–IV with re-
gard to five-year DSS in the eighth edition compared to the
seventh edition (Fig. 2A and B). Similar results were seen for
OS in both SEER and NCDB cohorts (Fig. 2C–F). Overall,

FIG. 2. Unadjusted disease-specific survival (DSS) curves for patients with papillary thyroid cancer (PTC) in the SEER
program using the AJCC/UICC TNM staging (A) seventh and (B) eighth edition models. Unadjusted overall survival (OS)
curves for patients with PTC in the SEER database using (C) the seventh and (D) the eighth edition models. Similarly,
unadjusted OS curves for patients with PTC in the NCDB database using (E) the seventh and (F) the eighth edition models.
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patients assigned to higher stages (III and IV) in the eighth
edition demonstrated a worse prognosis than those classified
into similar stages in the seventh edition (Table 4).

After adjustment, PTC stages as defined by both editions
were significantly associated with OS and DSS. With respect
to DSS in SEER, the AJCC eighth edition PTC model ap-
peared to be a better fit to the data with an AIC of 5243
compared to the seventh edition model’s AIC of 5314. Si-
milar results were observed for OS in SEER (Fig. 3). With a
smaller AIC of 152,972, the eighth edition model was a better
fit to the data than the seventh edition model with an AIC of
153,664 for OS in the NCDB (Fig. 3).

Discussion

The seventh edition of the AJCC/UICC TNM staging
system for PTC has served as the major set of criteria for
predicting survival in patients with PTC since 2010. Based on
evidence that has emerged since then, the eighth edition
staging system was crafted to improve predictions for prog-
nosis in order to tailor PTC management better (9). This study
compared head-to-head the prognostic ability of the seventh
and eighth editions of the AJCC/UICC TNM classification
for PTC with regard to DSS and OS in the largest patient
cohorts available in the United States, and found that the
eighth edition was a significantly better predictor of survival.

One of the biggest changes made in the eighth edition was
changing the cut point for patient age from 45 to 55 years. In
the second edition of the AJCC/UICC staging system pub-
lished in 1983, an age cut point of 45 years was introduced,
and this remained as a major determinant of survival going
forward with every subsequent revision. In recent years,
multiple studies have found that PTC aggressiveness appears
to increase with advancing patient age in a linear fashion, and
that no single age cut point can readily place patients into
dichotomous low- and high-risk categories driven primarily
by patient age (21–23). As a result, some thought-leaders
have suggested that age should be removed from the PTC
staging system altogether. Several recommendations have
been made, from using mathematical models to account for
age (24) to using multiple age category cut points (21).

Most recently, the AJCC/UICC eighth edition endorsed an
increase in the single age cut point from 45 years (in the
seventh edition) to 55 years. This recommendation was lar-
gely based on a study by Nixon et al. (12), which attempted to
find the optimal age cut point for predicting DSS related to
DTC. A total of 1807 patients were included in this single
institution database study, with a median follow-up of 109
months. Recursive partitioning was employed to identify the
factors most predictive of DSS. For patients with M0 disease,
age was the second most powerful predictor of DSS, and a cut
point of 54 years was optimal. Among patients with M1
disease, a cut point of 56 years was best. The 10-year DSS
with a cut point of 45 years was 99.6% for stage I and 81% for
stage IV. Changing the age cut point to 55 years, 10-year DSS
was 99.2% for stage I and 74% for stage IV, and 17% of
patients were downstaged to a lower risk category in the
eighth edition according to the present results.

This study also found that patients were primarily down-
staged from the seventh to the eighth editions, according to
analyses of both the SEER and NCDB databases. There also
was superior separation of unadjusted survival between
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stages I, II, III, and IV, as well as improved statistical fitness
on adjusted multivariable analyses. This improved fit of the
data after adjustment for known covariates was maintained
for both SEER and NCDB databases (in relation to DSS and
OS), and is perhaps the most important finding from the
current study. It was found that the AIC values were lower in
the eighth edition models compared to the seventh edition
models for both OS and DSS.

Overall, the data show that the eighth edition has a more
discriminating classification than the seventh edition with
regard to predicting patient survival. Additional changes
made to the eighth edition included collapsing the N1a and
N1b lymph node categories describing the central and lateral
compartments, respectively, into a single N1 metric. While
this change appears to have improved the accuracy of prog-
nosis for patients with PTC within the TNM staging system,

this system is still limited to factors such as tumor size, ex-
trathyroidal extension, capsular invasion, vascular invasion,
regional lymph node involvement, and distant metastases (1).
Recent research has demonstrated the importance of other
factors outside of demographics and pathologic characteris-
tics, including molecular markers, to afford better prediction
of patient survival (25). A future model that includes all of
these factors may be better for determining more accurate
prognosis and thus for guiding management strategies. The
current American Thyroid Association guidelines state that
the initial treatment for patient with differentiated thyroid
cancer ‘‘are to improve overall and disease-specific survival,
reduce the risk of persistent/recurrent disease and associated
morbidity, and permit accurate disease staging and risk
stratification, while minimizing treatment-related morbidity
and unnecessary therapy’’ (26). The eighth edition changes

FIG. 3. Comparison of
hazard ratios for stage
groupings and model per-
formance in the seventh and
eighth editions of AJCC/
UICC TNM staging system
for PTC using (A) DSS in
SEER, (B) SO in SEER, and
(C) OS in NCDB.
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will impact a significant number of patients, especially those
who will be downstaged. According to the guidelines, these
patients will be viewed as lower risk overall, and this will
likely lead to less aggressive adjuvant RAI administration for
these patients, and will decrease overtreatment.

The limitations of this study include factors that pertain to
all large database studies. There is potential for coding errors,
but the NCDB and SEER databases are standardized and
highly audited. Neither the NCDB nor SEER data sets in-
clude novel predictors of outcomes, such as molecular
markers. Neither data set includes information about disease
recurrence, which is a more clinically relevant outcome for
PTC. However, AJCC/UICC staging is intended only to
predict survival not recurrence. Ten-year DSS is not yet
available from the SEER data set, as enough time has not
elapsed from the start of TNM reporting in 2004 to the last
year of follow-up of this database of 2013. A strength of this
study is the very large number of contemporary patients who
were evaluated.

Conclusion

This comprehensive study identified patients who were
upstaged or downstaged based on evaluation using the sev-
enth versus the eighth AJCC/UICC staging systems. It was
found that there was greater separation of survival curves
based on disease stage in the eighth edition. After adjustment
for covariates, it was further demonstrated that the eighth
edition model was a better fit to the data than the seventh
edition model using AIC. With these results, the AJCC/UICC
eighth edition indeed appears to be superior to the seventh
edition for predicting patient survival.
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