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Background: Considerable modifications have been introduced in the new edition
of the American Joint Committee on Cancer/Union for International Cancer Control
(AJCC/UICC) TNM staging system. Based on the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) database, this study aimed to compare the 7th
and 8th editions of the AJCC/UICC TNM staging system for patients with papillary thyroid
microcarcinoma (PTMC) and follicular variant papillary thyroid microcarcinoma (FVPTMC).

Methods: A Data from 2004 to 2014 of 39,032 patients registered in the SEER
database were included. The 7th and 8th editions of the AJCC/UICC staging system
were compared in terms of TNM staging, age cutoff, and clinical staging. Patient survival
was evaluated using Kaplan-Meier and multivariable Cox proportional hazards models.
The American Thyroid Association (ATA) risk stratification system was integrated with the
AJCC/UICC staging system for further investigation. Receiver operating characteristic
(ROC) curves, Harrell's C-index, Akaike information criterion (AIC), and the Bayesian
information criterion (BIC) were used to assess the models’ performances.

Results: Revised TNM categories, age cutoff, and clinical staging in the 8th edition
resulted in reclassification of the overall stage. Applying the 8th edition, 1,278 stage Il
and 425 stage IV patients were reclassified as stage I; 950 stage lll and 459 stage IV
patients were reclassified as stage Il; 77 stage IV patients were reclassified as stage
lll; and only 88 patients remained in stage IV. All patients in stage |, according to
the 7th edition, remained in this stage when using the 8th edition. Patients classified
into higher stages (Il and V) in the 8th edition showed a worse prognosis than those
classified into same stages in the 7th edition. The 8th edition proved to be a better
model with higher prognostic efficacy survival (higher AUC and C-index, lower AIC and
BIC) than the 7th edition. When integrated with the ATA risk stratification system, the
8th edition still showed better discriminative power for patients in the higher risk group.
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Conclusion: Based on the SEER database, the 8th edition of the AJCC/UICC staging
system has better prognostic efficacy than the 7th edition for patients with PTMC and

FVPTMC.

Keywords: papillary thyroid microcarcinoma, AJCC/UICC staging system, surveillance, Epidemiology and End

Results, survival, prognostic efficacy

INTRODUCTION

Thyroid cancer is one the most common endocrine malignancies
and its incidence is rapidly increasing (1, 2). Most patients
are diagnosed with papillary thyroid carcinoma (PTC) and
approximately half of cases are identified as papillary thyroid
microcarcinoma (PTMC), most of whom are classified as typical
PTMC or follicular variant papillary thyroid microcarcinoma
(FVPTMC) (2, 3). According to the World Health Organization
(WHO) classification, PTMCs are small thyroid tumors
with a maximum diameter of 1cm (4). Papillary thyroid
microcarcinoma usually has favorable prognosis and is often
regarded as an indolent malignancy; however, lymph node
metastasis (LNM) or local and/or distant recurrence may occur
in the minority of patients, even after surgery or radioactive
iodine treatment, leading to worse prognosis (5, 6).

The American Joint Committee on Cancer/Union for
International Cancer Control (AJCC/UICC) updated its tumor
node metastasis (TNM) staging system and published the 8th
edition in 2018, in which conspicuous changes were introduced,
reflecting a better understanding of the clinicopathological
factors combined with cancer-specific survival regarding thyroid
cancer (7). The main changes include an increased age cutoff,
the new definition of the T3 and N categories and the updated
clinical staging definition (Supplementary Table 1). As a result,
a large proportion of patients with advanced stages (stages III
and IV), according to the 7th edition of the AJCC/UICC TNM
staging system, are now classified into earlier stages (stages I and
1) (7, 8).

To further investigate the impact of the new TNM staging
system on PTMC and FVPTMC, and compare it with the
previous 7th edition, we conducted a retrospective analysis
using data from the National Cancer Institute’s Surveillance,
Epidemiology, and End Results (SEER) Program.

MATERIALS AND METHODS
Data Source and Study Subjects

We conducted a retrospective cohort analysis using the SEER
database from 2004 to 2014. Patients with confirmed histological
diagnosis of papillary thyroid cancer (International Classification
of Diseases for Oncology (ICD-0O) code C73.9) were selected and
the definition of papillary thyroid microcarcinoma relied on the
tumor size code 001-010 (millimeters (mm) and 991 [described
as “less than 1 centimeter (cm)”]. The histologic subtypes were
selected as follows: 8050/3 (papillary carcinoma, NOS). 8260/3
(papillary adenocarcinoma, NOS), 8340/3 (papillary carcinoma,
follicular variant), 8341/3 (papillary microcarcinoma), 8343/3
(papillary carcinoma, encapsulated).

Demographic data included sex, age at diagnosis, year of
diagnosis and ethnicity. The cancer characteristics included
tumor extension, lymph node metastasis, distant metastasis, and
TNM/clinical stage in the 7th AJCC/UICC staging system. The
TNM stage in the 8th AJCC/UICC staging system was defined
according to the SEER data of tumor extension, lymph node
metastasis, and distant metastasis (Supplementary Table 2). The
clinical stage of patients was then defined according to the TNM
stage in the 8th AJCC/UICC staging system. All variables were
defined using the SEER specific codes. Stage T2 (in both editions)
and T3a (in the 8th edition) were excluded as they do not meet the
definition criteria of thyroid microcarcinoma (tumor size with
<1 cm). Patients with unknown variables (code 999) whose stage
could not be classified were excluded.

Although the American Thyroid Association (ATA) risk
stratification system was designed to provide estimation of the
risk of disease recurrence, it still includes several variables that
may affect cancer-specific survival (9). Thus, we also integrated
the ATA risk stratification system with the two editions of the
AJCC/UICC system. We used the 2009 ATA risk stratification
system, which partially differs from the most recent updated
version, due to limitations in the available clinicopathological
data in the SEER database (10).

Statistical Methods

Numerical data were expressed as mean =+ standard deviation,
and categorical data were expressed as percentages. The
chi-square and Fishers exact tests were used to evaluate
the relationship between clinical characteristics. Survival was
estimated using the Kaplan-Meier method and comparisons
between groups were made using a log-rank test. The effects
of potential predictors of overall survival (OS) and cancer-
specific survival (CSS) were assessed using Cox proportional
hazards regression and reported as hazard ratios (HRs) with
95% confident intervals (Cls). Receiver operating characteristic
(ROCQ) curves and the Harrell’s C concordance index (C-index),
a method used for assessing the probability of concordance
between expected and observed outcomes, was used to evaluate
the prognostic efficacy of CSS of the 7th and 8th AJCC/UICC
staging systems using stage-determinant variables (age, T, N,
and M categories) (11). In order to measure the relative quality
of the two editions of the AJCC/UICC staging system, we
used the Akaike information criterion (AIC) and the Bayesian
information criterion (BIC). AIC and BIC served as standards to
measure the quality of model fitness by providing asymptotically
unbiased estimators between the true model and the fitted
approximating model (12, 13). In summary, the model with
higher C-index and lower AIC and BIC is considered to
have better prognostic efficacy. A p-value lower than 0.05
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was considered statistically significant. Statistical analyses were
performed using SPSS version 25.0 (IBM Corp., Armonk, NY,
USA) and R statistical software v3.5.1 (The R Project for
Statistical Computing, Vienna, Austria) with package Survival
(14). ECharts 4.0 (Baidu Corp., Beijing, China), an open-source
data visualization software, was used to draw the alluvial flow
diagram.

Ethical Statement

This retrospective study used data from the SEER database,
which is designed and maintained by the National Cancer
Institute. The research was limited to the secondary use of
previously collected information and data were anonymized
before statistical analyses. The study was approved by the ethical
review board of the Beijing Tongren Hospital, Capital Medical
University, and complied with the ethical standards of the
Declaration of Helsinki, as well as with relevant national and
international guidelines.

RESULTS

Demographic and Follow-Up Data

Our study involved 39,032 patients, out of whom 27,830 had
PTMC and 11,202 had FVPTMC. All patients were staged
according to the 7th AJCC/UICC staging system, which was
compared to the recently published 8th edition. Detailed
demographic data and follow-up information of patients are
shown in Table 1. The 10-year OS of all patients was 90.9%,
and the 10-year CSS was 99.4%. Patients with PTMC showed
longer but not statistically different 10-year OS than those with
FVPTMC (90.9 vs. 91.1%, p = 0.718), and showed same 10-year
CSS with FVPTMC patients (both 99.4%, p = 0.796).

Changing of Patients’ TNM Stages

The definition of TNM stages were modified in the 8th edition.
Revision of the T category in the 8th edition resulted in
reclassification of almost half of T3 categories (1,078/2,063,
52.3%) to Tla, due to the removal of minimal extrathyroidal

extension to the perithyroidal tissue as a standard for the T3
category, in relation to the 7th edition. Thus, the proportion of T3
patients decreased from 5.3 to 2.5%, while the proportion of Tla
patients increased from 94.1 to 97.1% in the 7th and 8th editions,
respectively.

Based on the 7th edition, the change of the T categories
resulted in increased hazard ratios (HRs) of OS and CSS, either
in univariate or multivariate analyses. Exceptions were observed
when comparing the HRs of Tla and T3, as no significant
statistical differences were found in multivariate analyses of both
OS and CSS, and univariate analysis of OS (but were found in
univariate analysis of CSS). As for the 8th edition, similar results
were observed, as increased T categories led to increased HRs (the
same exceptions were found when comparing the HRs of OS and
CSS between T1a and T3) (Table 2).

Out of 1532 patients classified as N1b according to the 7th
edition, 154 (10.1%) patients were reclassified into the N1a stage
according to the 8th edition, as level VII lymph node metastasis
without lateral cervical lymph node metastasis is now classified as
N1la. Therefore, the proportion of N1b patients decreased from
3.9 to 3.5%, while the proportion of N1a patients increased from
6.1 to 6.5%.

As shown in Table 2, according to both editions, significant
differences in the HRs of OS were only observed between NO and
N1b patients, whereas no statistically significant difference was
observed between NO and N1a patients. Regarding CSS, increased
N categories yielded dramatically increased HRs, both between
NO and N1la and between NO and N1b patients.

Survival analysis revealed that older patients had worse
prognosis than younger patients, either regarding OS or CSS.
With an age cutoff of 45 years old in the 7th edition, older
patients had a worse HR than younger patients (Table 2A). As
the age cutoff changed to 55 years old in the 8th edition, up to
10,400 patients were moved to the younger group (<55 years
old), nearly 15% of whom were in advanced clinical stages: 8,971
(86.3%) in stage I, 988 (9.5%) in stage III and 441 (4.2%) in
stage IV. This age cutoft was still associated with OS and CSS, as
significant differences in the HRs of OS and CSS were observed

TABLE 1 | Numerical data and follow-up information for patients with PTMC or FVPTMC.

Variables Overall Histological types p-Value
(n =39,032) PTMC (n = 27,830) FVPTMC (n = 11,202)

Age (n £ sv) 51.05 + 14.00 50.43 &+ 41.03 52.59 + 13.80 <0.01

Sex Female 31,824 (81.5%) 22,587 (81.2%) 9,237 (82.5%) <0.01
Male 7,208 (18.5%) 5,243 (18.8%) 1,965 (17.5%)

Race Caucasian 32,505 (83.3%) 23,105 (83.0%) 9,400 (83.9%) <0.01
Black 2,578 (6.6%) 1,657 (6.0%) 921 (8.2%)
Other 3,949 (10.1%) 3,068 (11.0%) 881 (7.9%)

Age subgroup <45-years-old 12,767 (32.7%) 9,584 (34.4%) 3,183 (28.4%) <0.01
45 to 54-years-old 10,400 (26.2%) 7,454 (26.8%) 2,946 (26.3%)
>55-years-old 15,865 (40.6%) 10,792 (38.8%) 5,073 (45.3%)

Follow-up months (n £ sv) 63.13 £+ 36.62 63.81 £ 36.34 61.45 £ 37.24 <0.01
10-years OS 90.9% 91.1% 90.2% 0.718
10-years CSS 99.4% 99.4% 99.4% 0.796
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between the two age subgroups (<55 years old and >55 years old)
(Table 2B).

Changing of Clinical Stages

Modification of the T and N categories and age cutoff led to
conspicuous changes in the patients’ clinical stage (Figure 1). The
Kaplan-Meier survival curves showed a better separation of the
stage curves in the 8th edition, when compared to the 7th edition
(Figure 2). A better 10-year OS of patients with stage I in the 8th
edition was observed, when compared to the same stage in the
7th edition, although patients with stages II, III, and IV in the
8th edition had worse 10-year OS. A similar pattern was seen for
10-year CSS in patients with stage III and IV in the 8th edition.
However, patients with stage I and II in the 8th edition had better
10-year CSS (Table 3).

When evaluating the prognostic efficacy of the two editions,
the 8th edition showed higher AUC and C-index, as well as lower
AIC and BIC, thus indicating a better model performance than
the 7th edition (Figure 3).

Integrating ATA Risk Stratification With 7th

and 8th Edition

According to the ATA risk stratification system, 33,428 (85.6%,
all of whom were stage I in both editions) were classified as low-
risk, 4,301 (11.0%) as intermediate-risk, and 1,303 (3.3%) as high-
risk. When the ATA system was integrated with the AJCC/UICC
staging system, the risk stratification changed, as follows: the
intermediate-risk group shifted in stage I from 1,916 (44.5%) to

3,303 (76.8%), in stage II from 0 (0%) to 998 (23.2%), in stage
III and stage IV both from 1649 (38.3%) and 736 (17.1%) to 0
(0%), respectively; the high-risk group shifted in stage I from 380
(29.2%) to 696 (53.4%), in stage II from 31 (2.4%) to 442 (33.9%),
in stage III from 579 (44.4%) to 77 (5.9%) and in stage IV from
313 (24.0%) to 88 (6.8%).

Even with the updated AJCC/UICC staging system, the
composition of the low-risk group remained unchanged, and
patients in this group had a 10-years CSS of 99.6%. The 10-years
CSS decreased as patients’ stage increased in the intermediate-
risk group, in line with the changing trend of the high-risk group.
The Kaplan-Meier survival curves still showed a better separation
of the stage curves in the 8th edition, when compared to the 7th
edition (Figure 4).

DISCUSSION

The purpose of this study was to compare the survival
values and the prognostic efficacy between the 7th and 8th
editions of the AJCC/UICC staging system for papillary thyroid
microcarcinoma using the SEER database.

Although many patients with papillary  thyroid
microcarcinoma have favorable prognosis, part of them have
worse prognosis with tumor recurrence or distant metastasis.
Kazaure et al. reported that some PTMC variants may contribute
to worse prognosis (15). Typical PTMC, as well as FVPTMC
were reported to have excellent prognosis (16-18). In this study,

1(7th, n=35,724)

CN(Tth, n=31)

1I(7th, n=2228)

I IVa(7th, n=932)

B |Vb(7th, n=37)
Il 1Vc(7th, n=80)

1(8th, n=37,424)

D 11(8th, n=1440 )

B m8th, n=77)
B |Va(8th, n=24)
[l 1Vb(8th, n=64)

FIGURE 1 | Alluvial flow diagram representing the re-staging of patient cohorts from the 7th to the 8th edition of the AJCC/UICC TNM staging system.
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FIGURE 2 | Survival curves for patient using the AJCC/UICC staging system. (A) Overall survival curves using the 7th edition. (B) Overall survival curves using the 8th
edition. (C) Caner specific survival curves using the 7th edition. (D) Caner specific survival curves using the 8th edition.

TABLE 3 | Comparison of patient 10-years OS and CSS among clinical stages between the 7th and 8th edition.

Stage 10-years OS 10-years CSS

7th edition 8th edition p-Value 7th edition 8th edition p-Value
| 91.3% 91.4% 0.854 99.6% 99.6% 0.765
Il 82.3% 80.8% 0.559 96.3% 97.1% 0.874
Il 90.5% 73.7% <0.05 99.1% 93.5% <0.05
% 78.1% 44.2% <0.01 93.6% 64.4% <0.01

we assessed data of patients with PTMC and FVPTMC from the
SEER database. Since the HRs in Cox regression analyses, 10-
years OS and CSS were all found without significant differences
between PTMC and FVPTMC, we combined the data of PTMC
and FVPTMC together rather than severally in our subsequent
analyses.

In the 7th edition, tumors with extrathyroidal extension
(ETE) were classified as T3, regardless of the range of the
extension into the perithyroidal tissue. Advanced T categories
have been consistently reported as risk factors for OS and CSS
(19-21), while the lack of association between T3 categories
with minimal ETE with worse survival was controversial (21-
23). Consequently, microscopic/minimal perithyroidal tissue
extension is no longer considered as a criterion for defining T3
in the 8th edition. Considering the new edition, about half of

patients with advanced T categories were reclassified as early T
stages in the current study. Dispense with considering tumor size,
all patients who were reclassified as T3b, according to the 8th
edition, in this study had extrathyroidal extension to the strap
muscle, and all patients with minimal ETE were reclassified as
T1a rather than T3. On the other hand, no significant differences
in HRs were found between T1a and T3b patients. Patients with
tumor extension code 450 (i.e., minimal extra thyroid extension,
including strap muscles) were classified as T1a, and those with
tumor extension code 480 (i.e., extension to the pericapsular soft
tissue/connective tissue) were classified as T3b in this study. Due
to the uncertain definitions of tumor extension codes in the SEER
database, these reclassifications might cause downstaging of
patients with gross strap muscle extension into T1a or upstaging
of patients with minimal pericapsular extension into T3b. As
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FIGURE 3 | Evaluation of predictive performance between the 7th and 8th
edition by using ROC curves, C-index, AIC, and BIC.

strap muscles can be resected en bloc with the thyroid gland
during surgery, it is still lack of further investigation as to why
especially strap muscle extension is considered to be a greater risk
otherwise than microscopic perithyroidal tissue extension.

In our study, according to the 8th edition, the N1la category
did not lead to worse OS when compared to the NO category,
while N1b did it. As for CSS, our results were in accordance
with a previous study assessing 10,000 PTC patients using the
SEER database, which found that both Nla and N1b led to
an increased risk of cancer-related death (24). Regarding the N
categories, the new edition of the AJCC/UICC staging system de-
emphasized the risk of superior mediastinal lymph node (level
VII) metastasis, when compared to the 7th edition, as there
were no obvious anatomical boundaries between the superior
mediastinal (level VII) and central cervical (level VI) lymph
nodes. As reported by a number of studies, cervical lymph node
metastases can impair CSS, especially in older patients; however,
their impact seems to be weaker when compared to advanced
T categories (T4a/b) or distant metastases (M1). Furthermore,
although lateral cervical lymph node metastasis contributes to
worse prognosis, it is also reported that other characteristics,
such as the metastatic lymph node size, number, and extra-nodal
extension, also influence prognosis and still remain to be deeply
investigated (25, 26).

Age at diagnosis is an important factor for survival in virtually
all thyroid cancer staging systems. This non-anatomic factor, as

a dichotomous variable, has been combined with other anatomic
factors for staging thyroid cancer. Older patients were distributed
among very advanced stages and had poorer prognosis. The age
cutoff of 45 years old was used as a categorical variable in the 7th
edition of AJCC/UICC staging system; however, this cutoff has
been challenged. Mazurat et al. suggested the cutoff of 55 years
as a better indicator of cancer-specific death risk (27). Moreover,
after assessing 9,484 patients in a multicenter study, Nixon et al.
reported that the age cutoff of 55 years old improved both the
outcome prediction according to different stages and prognostic
information (28). Our results support these findings, as patients
changed from advanced to earlier cancer stages after the age
cutoff was changed, and no markedly decreased OS or CSS were
observed. Of note, several studies have reported higher risk with
age as a continuous variable, and suggested using nomograms
or multiple age classifications, instead of a single age cutoff, to
predict the patient’s survival risk (29, 30).

In our study, no statistically significant differences in OS and
CSS were seen between patients with stages I and II, irrespective
of the AJCC/UICC edition. However, patients with stage III
and IV in the 8th edition had worse OS and CSS than those
with the same stages in the 7th edition. The discriminative
power of both editions to reveal survival was compared and
our data suggests that the 8th edition is a better model
than the 7th edition, as also evidenced by recently published
reports (31, 32).

When integrated with the ATA risk stratification system,
major changes were observed in the intermediate-risk and
high-risk groups. The 8th edition showed a more precise risk
stratification, especially for the high-risk group, as the survival
curves showed a better separation of stages. A recent study
showed a higher risk of persistence or recurrence in patients
with PTC in advanced stages in the 8th edition (33). A study
focusing on younger (under 55 years old) patients also found a
higher mortality in patients from the high-risk group with early
stages (stages I and II) (34) after integrating the 8th AJCC/UICC
staging system and the ATA risk stratification system. These
findings add to the improvements of the 8th edition to
discriminate patients better in higher risk group and may remind
physicians that the decrease of stages does not reflect less disease
aggressiveness. Not only staging but also risk stratification should
be assessed when caring patients with PTMC. However, other
risk factors for recurrence, such as '*!I-avid metastatic foci in
the neck on the first post-treatment whole-body radionuclide
scan (intermediate risk), incomplete tumor resection (high risk)
and detection of elevated postoperative serum thyroglobulin
suggestive of distant metastases (high risk), were not analyzed
in our study due to the lack of available data in the SEER
database (10).

This study has some notable limitations. First, the study
probably had a selection bias, as its study focused on patients
with PTMC and FVPTMC, and most cases were early-stage
tumors. As we did not use the updated SEER database (which
include follow-up data from 2015), the follow-up period for
part of the patients assessed here may not have been sufficient
to observe recurrence or cancer-specific death. Continuing
surveillance of these patients is still necessary. Potential coding
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errors may not be ruled out, although the SEER database is
standardized and appropriately audited. Finally, the current
study did not include treatment information, as well as disease
recurrence and novel outcome predictors, such as molecular
markers, that were not included in the SEER database. Despite
of these limitations, this study assessed a large cohort with a
relatively long follow-up period, which valorize its contributions
to the evaluation and comparison of the prognostic efficacies
of the 7th and 8th editions of the AJCC/UICC staging
system.

CONCLUSION

In this study, we compared the prognostic values of the 7th
and 8th versions of the AJCC/UICC staging system for patients
with PTMC and FVPTMC and integrated them with the ATA
risk stratification system. The 8th edition model provided a
meaningful risk stratification and had a higher accuracy than the
7th edition, thus appearing to be superior to the 7th edition for
evaluating patient survival.
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