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ABSTRACT

Background. Recent revision significantly changed the Amer-
ican Joint Committee on Cancer (AJCC) staging criteria for
differentiated thyroid cancer (DTC). To quantitatively evalu-
ate resulting changes in patient stage distribution and the
associated disease-specific survival (DSS) incorporating
diverse populations, we performed a meta-analysis of stud-
ies comparing the AJCC 7th edition (AJCC-7) with 8th edition
(AJCC-8) staging for DTC.
Materials and Methods. After PROSPERO registration
(#CRD42019123657), publications in English reporting DSS
of DTC with AJCC-7 and AJCC-8 from inception to June 2019
were identified by search of MEDLINE and PubMed.
Random-effects meta-analyses were conducted to compare
differences in survival between AJCC-7 and AJCC-8. Pooled
hazard ratios, 10-year DSS, and corresponding interval esti-
mates were calculated for AJCC subgroups. Differences in
survival between editions were assessed using subgroup

analysis with nonoverlapping confidence intervals indicating
statistical significance.
Results. Final analysis included six studies with 10,850 sub-
jects and median follow-up from 55 to 148 months. Use of
AJCC-8 shifted classification to earlier stages: stage I, from
60% to 81%; stage II, from 5% to 13%; stage III, from 21% to
2%; stage IV, from 10% to 3%. Ten-year DSS was significantly
lower in AJCC-8 versus AJCC-7 in patients with stage II (88.6%,
95% confidence interval [CI] 82.7–94.6% vs. 98.1%, 95% CI
96.6–99.6%, respectively) and stage III disease (70.5%, 95% CI
59.1–83.9% vs. 96.8%, 95% CI 94.1–99.64%, respectively).
Conclusion. Meta-analysis of revised AJCC staging for DTC,
incorporating diverse populations, demonstrates redistribu-
tion of patients toward earlier clinical stages and better
stratification of disease-specific mortality risk, specifically
among patients now classified with stage II and III disease.
The Oncologist 2021;26:e251–e260

Implications for Practice: This study provides updated estimates of disease-specific survival for patients with differentiated
thyroid cancer determined by the American Joint Committee on Cancer staging system that are generalizable to broader
populations and support improved stratification using the recently revised criteria.

INTRODUCTION

Thyroid cancer is the most common endocrine malignancy
and is frequently encountered in clinical practice across
medical and surgical specialties. Differentiated thyroid

cancer (DTC), including papillary, follicular, and Hürthle cell
subtypes, composes the majority of cases. The overall
disease-specific mortality for patients with DTC is low,
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although some patients are at risk for both locoregional
recurrence and greater mortality when more aggressive dis-
ease is present [1]. To estimate mortality risk, a number of
staging and prognosis systems are used in the care of
patients with DTC, including the American Joint Committee
on Cancer (AJCC) [2]; the metastasis, age, completeness of
resection, invasion, and size (MACIS) model [3]; Age, Grade,
Extent, Size (AGES) score; and the Age, Metastasis, Extent,
Size (AMES) score [4]. Although the AJCC system is com-
monly used by oncologists and endocrinologists to estimate
mortality in patients with thyroid cancer, many experts in
the field felt that the clinical utility of prior AJCC staging
iterations was limited because patients were not ade-
quately stratified into high and low risk groups for mortality
by the staging criteria [5–7].

In 2016, a revised 8th edition of the AJCC Tumor-Node-
Metastasis (TNM) staging system for DTC was published and
reflected updated data regarding the influence of age and
extrathyroidal spread [2, 7]. Recent data clarified increased
age as a continuous risk factor for disease-specific mortality
from DTC [8]. Furthermore, data from new studies empha-
sized adverse survival outcomes in patients with gross thyroid
cancer invasion into surrounding structures, compared with
patients with only central neck lymph node metastases or
microscopic extrathyroidal extension who are at relatively low
risk of dying from thyroid cancer [9–12]. Therefore, major
changes in AJCC 8th edition included the following: (a) the
age-at-diagnosis cutoff used for staging increased from 45 to
55 years, (b) minor histological extrathyroidal extension was
removed from the classification, (c) N1 disease was down-
staged to stage I or II, (d) T3 status was divided into T3a
(tumor size >4 cm) and T3b (gross extrathyroidal extension),
and (e) upper mediastinal compartment (level VII) nodal
involvement was reclassified to N1a from previous N1b.

The goal of these changes was to improve disease-
specific mortality prediction in patients with DTC, incorpo-
rating new data about risk factors for worse survival to
better target increased surveillance and adjuvant therapy to
patients with higher mortality risk and limit the burden of
unnecessary care in lower risk patients [5, 7]. Since publica-
tion, several reports have compared the performance of the
7th edition of AJCC (AJCC-7) and 8th edition of AJCC (AJCC-
8) [13–19]. Because thyroid cancer patient populations and
practice patterns vary geographically and among institu-
tions, we anticipated that this heterogeneity would be
reflected in single-center studies evaluating the new staging
criteria. Thus, we performed a meta-analysis of these data
to provide a more generalizable summary of the stage
migrations and differences in mortality prediction between
AJCC-7 and AJCC-8.

MATERIALS AND METHODS

Prior to study initiation, this protocol was registered and pub-
lished online with PROSPERO, an international database of
prospectively registered systematic reviews in health and
social care maintained by the University of York (York, United
Kingdom); the PROSPERO identifier is CRD42019123657. Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses guidelines for meta-analysis were applied [20].

Literature Search
Electronic databases PubMed and MEDLINE were searched in
June 2019 for relevant English language articles on the subject
of revised AJCC staging in differentiated thyroid cancer and sur-
vival. Search terms were included for the AJCC staging system,
thyroid cancer type, and primary outcome of disease-specific
survival (DSS). The following terms were used to search
PubMed/MEDLINE: “American Joint Committee on Cancer”;
AND “Thyroid cancer”; AND “survival”; NOT “medullary”; NOT
“anaplastic”; AND [publication date] 01/01/2016 to present;
AND [Language] English. One additional article was added man-
ually for consideration by the review of references in articles
and clinical expertise of the study authors.

Study Selection
Studies identified by the search strategy were evaluated
for inclusion or exclusion by two independent reviewers
(M.G.L. and A.L.). Initially, articles were screened using the
title and abstract, and then articles were read in entirety to
determine whether full inclusion and exclusion criteria were
met. Included studies had to evaluate subjects with DTC,
including papillary, follicular, or undefined subtype of DTC,
and include staging data by both AJCC-7 and AJCC-8. Fur-
thermore, studies had to report thyroid cancer–specific
mortality. Language was restricted to English. AJCC staging
for thyroid cancer is used for both adult and pediatric
populations, and studies were not limited to adults to allow
inclusion of greater geographic diversity. Additionally,
although some studies were limited to individuals aged
18 years or older [14, 19], multiple published studies out-
side of the U.S. and Europe provided only interquartile
range or standard deviation for age without specific age
range, precluding determination of minimum included age
[13, 16, 17], and one study reported an age range of 5.8 to
89.5 years [15]. Studies of medullary, poorly differentiated,
or anaplastic thyroid cancer were excluded. After initial
selection, full texts were reviewed and further excluded if
DSS by stage for both AJCC-7 and AJCC-8 was not reported.
Duplicates or studies on the same population were identi-
fied by review of published methods or known composition
of national databases (e.g., the Surveillance, Epidemiology,
and End Results database) and were excluded as well with
only the largest cohort included in the analysis [21, 22].
Included studies from the same region, namely, reports by
M. Kim et al. [17] and T.H. Kim et al. [16], were confirmed
to comprise patients from unique populations. Any discrep-
ancies were discussed by all authors and resolved by con-
sensus. Table 1 provides an overview of studies included in
the final analysis. Determination of AJCC-7 and -8 staging
was determined retrospectively in all included studies by
review of final pathology reports, with supplementation
from operating room reports [16] and clinical notation in
some studies. Studies reported staging assignment by clini-
cians and study authors, including surgeons, endocrinolo-
gists, and pathologists, with expertise in thyroid cancer.
Review of primary data [13–15] and/or direct communica-
tion with original study authors [13–17, 19] provided addi-
tional confirmation of staging completeness and process.
All studies except for one included all information needed
for assignment of both AJCC-7 and -8 stage for all patients,

© 2020 AlphaMed Press

AJCC Thyroid Cancer Staging: Meta-Analysise252



Ta
b
le

1.
St
u
d
y
p
o
p
u
la
ti
o
n
s
in
cl
u
d
ed

in
th
e
m
et
a-
an
al
ys
is

St
u
d
y
fi
rs
t
au

th
o
r,

ye
ar

p
u
b
lis
h
ed

Lo
ca
ti
o
n

St
u
d
y
d
es
ig
n

n
A
ge
,m

ed
ia
n
,

ye
ar
s

Se
x

Fo
llo

w
-u
p
,

m
ed

ia
n
,m

o
n
th
s

D
TC

su
b
ty
p
e,

n
(%

)

F
M

P
ap

ill
ar
y

Fo
lli
cu
la
r

O
th
er

M
.K

im
,2
01
7

Ko
re
a

R
et
ro
sp
ec
ti
ve

1,
61
3

44
1,
41
4
(8
8)

19
9
(1
2)

13
4

1,
52
6
(9
5)

87
(5
)

0
(0
)

T.
H
.K

im
,2

01
7

Ko
re
a

R
et
ro
sp
ec
ti
ve

3,
17
6

46
2,
74
7
(8
6)

42
9
(1
4)

14
8

3,
09
1
(9
7)

85
(3
)

0
(0
)

Sh
te
in
sh
n
ai
d
er
,2
01
8

Is
ra
el

R
et
ro
sp
ec
ti
ve

43
3

47
32
7
(7
6)

10
6
(2
4)

11
6

38
6
(8
9)

29
(7
)

18
(4
)

Ta
m
,2

01
8

U
.S
.

R
et
ro
sp
ec
ti
ve

2,
57
9

48
1,
81
9
(7
1)

76
0
(2
9)

55
2,
42
2
(9
4)

12
6
(5
)

31
(1
)

va
n
V
el
se
n
,2

01
8

Th
e
N
et
h
er
la
n
d
s

R
et
ro
sp
ec
ti
ve

79
2

49
54
5
(6
9)

24
7
(3
1)

86
62
8
(7
9)

16
4
(2
1)

0
(0
)

V
er
b
u
rg
,2

01
8

G
er
m
an
y

R
et
ro
sp
ec
ti
ve

2,
25
7

48
1,
57
1
(7
0)

68
6
(3
0)

86
59
3
(2
6)

1,
66
3
(7
4)

0
(0
)

Po
o
le
d
d
at
a

10
,8
50

44
–4
9
ye
ar
s

8,
42
3
(7
8)

2,
42
7
(2
2)

55
–1
48

m
o
n
th
s

8,
64
6
(8
0)

2,
15
4
(1
9)

49
(0
.5
)

St
u
d
y
fi
rs
t
au

th
o
r,

ye
ar

p
u
b
lis
h
ed

P
ri
m
ar
y
tu
m
o
r
si
ze
,n

(%
)

Ex
tr
at
h
yr
o
id
al

ex
te
n
si
o
n
,n

(%
)

Ly
m
p
h
n
o
d
e

m
et
as
ta
si
s,
n
(%

)
D
is
ta
n
t
m
et
as
ta
si
s,

n
(%

)
Su
rg
er
y,
n
(%

)
R
A
I,
n
(%

)

<2
cm

2–
4
cm

>4
cm

P
re
se
n
t

N
o
n
e

P
re
se
n
t

N
o
n
e

P
re
se
n
t

N
o
n
e

To
ta
l

P
ar
ti
al

Ye
s

N
o

M
.K

im
,2
01
7

1,
02
0

(6
3)

47
3
(2
9)

1,
]2
0

(7
)

81
6
(5
1)

79
7
(4
9)

90
1
(5
6)

71
2
(4
4)

39
(2
)

1,
57
4

(9
8)

1,
31
2

(8
1)

30
1

(1
9)

1,
26
4

(7
8)

34
9
(2
2)

T.
H
.K

im
,2

01
7

2,
52
1

(7
9)

53
6
(1
7)

11
9
(4
)

1,
81
4

(5
7)

1,
36
2

(4
3)

1,
11
6

(3
5)

2,
06
0

(6
5)

43
(1
)

3,
13
3

(9
9)

2,
92
2

(9
2)

25
4
(8
)

2,
72
4

(8
6)

45
2
(1
4)

Sh
te
in
sh
n
ai
d
er
,

20
18

N
D

N
D

N
D

34
6
(8
0)

87
(2
0)

11
9
(2
7)

31
4
(7
3)

18
(4
)

41
5
(9
6)

37
5
(8
7)

58
(1
3)

37
3
(8
6)

60
(1
4)

Ta
m
,2

01
8

1,
72
0

(6
7)

60
7
(2
4)

22
8
(9
)

1,
08
2

(4
2)

1,
49
7

(5
8)

1,
13
5

(4
4)

1,
44
4

(5
6)

97
(4
)

2,
48
2

(9
6)

2,
34
8

(9
1)

23
1
(9
)

1,
44
2

(5
8)

1,
05
4

(4
2)

va
n
V
el
se
n
,2

01
8

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

N
D

74
8
(9
7)

25
(3
)

73
6
(9
3)

56
(7
)

V
er
b
u
rg
,2

01
8

N
D

N
D

N
D

N
D

N
D

1,
76
7

(7
8)

49
0

(2
2)

20
3

(9
)

2,
05
4

(9
1)

N
D

N
D

N
D

N
D

Po
o
le
d
d
at
a

5,
26
1

(7
2)

1,
61
6

(2
2)

46
7
(6
)

4,
05
8

(5
2)

3,
74
3

(4
8)

5,
03
8

(5
0)

5,
02
0

(5
0)

40
0

(4
)

9,
65
8

(9
6)

7,
70
5

(9
0)

86
9

(1
0)

6,
53
9

(7
7)

1,
97
1

(2
3)

C
lin
ic
al
d
at
a
in

so
m
e
ca
te
go
ri
es

w
er
e
n
o
t
av
ai
la
b
le
fo
r
al
ls
u
b
je
ct
s
in

p
u
b
lis
h
ed

st
u
d
ie
s,
an
d
th
er
ef
o
re

th
e
su
m

o
f
al
lc
o
lu
m
ns

w
ill
b
e
le
ss

th
an

th
e
to
ta
ls
tu
d
y
p
o
p
u
la
ti
o
n
.

C
o
m
p
ar
is
o
n
s
am

on
g
st
u
dy

p
o
p
u
la
ti
on

s
d
em

o
ns
tr
at
ed

si
gn
ifi
ca
nt

d
if
fe
re
n
ce
s
fo
r
th
e
fo
llo
w
in
g
cl
in
ic
al

p
ar
am

et
er
s
(p

<
.0
01
,
b
y
ch
i-
sq
u
ar
e
w
it
h
B
o
n
fe
rr
o
n
i
co
rr
ec
ti
o
n
fo
r
m
u
lt
ip
le

co
m
p
ar
is
o
n
s)
:
se
x,
D
TC

su
b
-

ty
p
e,
p
ri
m
ar
y
tu
m
o
r
si
ze
,e
xt
ra
th
yr
o
id
al
ex
te
n
si
o
n,

ly
m
p
h
n
o
de

m
et
as
ta
si
s,
d
is
ta
n
t
m
et
as
ta
si
s,
su
rg
er
y,
an
d
R
A
I.

A
b
b
re
vi
at
io
ns
:
D
TC

,d
if
fe
re
n
ti
at
ed

th
yr
o
id

ca
n
ce
r;
F,
fe
m
al
e;

M
,m

al
e;

N
D
,n

o
d
at
a;
R
A
I,
ra
di
o
ac
ti
ve

io
d
in
e
th
er
ap
y.

© 2020 AlphaMed Presswww.TheOncologist.com

Lechner, Bernardo, Lampe et al. e253



including data on tumor size, extrathyroidal extension, and
nodal and metastatic spread. From the study by Verburg
et al. [15] 200 of 2,257 patients lacked complete staging
information and were excluded from this meta-analysis.
Individual studies were assessed for risk of bias by two
independent reviewers (S.S.P. and T.E.A.) using the National
Heart, Lung, and Blood Institute (NHLB) Quality Assessment
Tool for Observational Cohort and Cross-Sectional Studies
(https://www.nhlbi.nih.gov/health-topics/study-quality-
assessment-tools). We considered forms of bias including
selection bias, performance bias, detection bias, attrition
bias, and reporting bias in a systematic manner in order to
estimate the likely magnitude of impact in relation to
observed effect.

Data Analysis and Extraction
For data collection, two study reviewers (M.G.L. and A.L.)
independently abstracted data in duplicate for all included
articles. The following elements were extracted from each
included study: author and year of publication, PubMed
identifier, study design, population of study (country and
institution), type of DTC included, type of study, number of
patients included in control (AJCC-7) and intervention (AJCC-
8), and outcomes evaluated (e.g., DSS, overall survival, recur-
rence). Data were also collected on the number of patients
categorized in each clinical stage under AJCC-7 compared
with AJCC-8 and the specific groups transitioning stage with
the revision. Clinical variables collected for each study
included median age, sex distribution, follow-up time, sur-
gery (e.g., total vs. partial thyroidectomy), radioactive iodine
treatment, primary tumor size (<2 cm, 2–4 cm, >4 cm), pres-
ence or absence of extrathyroidal extension, and lymph
node or distant metastasis. For variables or outcomes with
incomplete data, additional information was requested from
the original study authors in writing to allow inclusion and
optimize the completeness of data collection. Specifically,
outcome data for hazard ratios and 10-year DSS were
requested from authors of studies for which only a Kaplan-
Meier curve for DSS was shown in the published literature
[13–19]. Of such studies, one [18] was excluded because
original study authors were unable to provide data for
10-year DSS and hazard ratios (HRs), and therefore data nec-
essary for this meta-analysis could not be obtained.

Statistical Analysis
Descriptive statistics for clinical parameters for each study
and for the pooled study population were determined using
GraphPad Prism8 (GraphPad Software, San Diego, CA). Sta-
tistically significant differences among included studies for
clinical parameters were evaluated by chi-square test
(α = .05), with Bonferroni correction for multiple compari-
sons. Random-effects meta-analyses were conducted to
compare differences in survival between AJCC-7 and
AJCC-8. Pooled HRs, 10-year DSS, and corresponding inter-
val estimates were calculated for AJCC subgroups. Differ-
ences in survival between editions were assessed using
subgroup analysis with nonoverlapping confidence intervals
indicating statistical significance. Data were harmonized for
studies that did not provide estimates. Ten-year DSSs and
HRs were estimated for two studies (Shteinshnaider et al.

[13] and Verburg et al. [15]; supplemental online Appendix
1). HR was calculated for one study (T.H. Kim et al. [16]) that
only provided finer strata estimates (supplemental online
Appendix 1). Some studies are missing estimates because
no individuals fell into that stage category (Tam et al. [14]
does not have AJCC-7 stage I DSS and HR, and van Velsen
et al. [19] does not have AJCC-7 stage III DSS and HR).

Random-effects meta-analysis on proportions was con-
ducted to assess stage migration between AJCC editions.
Additional random-effects models were conducted to com-
pare differences in survival between AJCC-7 and AJCC-8.
Pooled HRs and 10-year DSS and corresponding interval
estimates were calculated for AJCC subgroups. Differences
in survival between editions were also assessed using meta-
regression and subgroup analysis, with nonoverlapping con-
fidence intervals indicating statistical significance.

The influence of individual studies was assessed by cal-
culating the summary HR estimates in which estimates of
each study were excluded one by one. The proportion of
variation across studies due to heterogeneity was assessed
using the I2 statistic (<30%, mild heterogeneity; 30%–50%,
moderate heterogeneity; >50%, notable heterogeneity).
Meta-analyses were implemented using Stata 15 (StataCorp,
College Station, TX), and survival analyses of individual stud-
ies were conducted using SAS 9.4 (SAS Institute, Cary, NC).

RESULTS

Study Characteristics
Our search identified a total of 38 studies, of which 16 were
excluded based upon title and abstract and 2 others excluded
as reviews. Of the 20 full texts that were evaluated, 6 met all
inclusion and exclusion criteria (Fig. 1). Therefore, the final
analysis included six studies with 10,850 subjects and median
follow-up from 55 to 148 months. The pooled population
consisted of 8,423 (78%) female and 2,427 (22%) male sub-
jects and a median age range of 44 to 49 years (Table 1). The
DTC cancer types were papillary (8,646/10,849, 80%), follicu-
lar (2,154/10,849, 19%), or unspecified (49/10,849, 0.5%). In
all studies in which Hürthle cell histology was specified, these
cases were grouped with follicular thyroid cancer [17, 19] or
no Hürthle cell cases were reported [16]. As shown in
Table 1, extrathyroidal extension was noted in 4,058 of 7,801
(52%) patients. Furthermore, 50% (5,038/10,058) of patients
had lymph node metastasis, and 4% (400/10,058) had distant
metastasis at diagnosis. For patients with treatment data
available, most were treated with total (7,705/8,574, 90%)
versus partial thyroidectomy (869/8,574, 10%), and 77%
(6,539/8,510) received radioactive iodine therapy. Some clini-
cal parameters were not available for all subjects, as reflected
in group denominators. Notably, there was significant hetero-
geneity across study populations within these clinical parame-
ters. The study by Verburg et al. [15] included significantly
more patients with follicular thyroid cancer, compared with
the predominantly papillary thyroid cancer DTC subtype in
other studies (p < .001). Studies also varied significantly in
the proportion of patients with cancer extrathyroidal exten-
sion (p < .001), ranging from 82% in the report by
Shteinshnaider et al. [13] to 42% in the study by Tam et al.
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[14]; notably, these data were not available from two studies.
The presence of lymph node and distant metastasis varied
significantly (p < .001 for both), with the highest proportion
of patients with metastatic disease in the population
described by Verburg et al. [15]. Treatment approaches were
available for five of six included studies and also demon-
strated significant differences in the proportion of subjects
treated with total versus partial thyroidectomy and the pro-
portion receiving radioactive iodine ablation therapy
(p < .001 for both). Risk of bias in individual studies assessed
using the NHLB Quality Assessment Tool found a lack of
impactful bias in the studies reviewed. All studies were retro-
spective, single-center chart reviews. The exposure in all stud-
ies was AJCC staging, and the outcome was mortality. The
most relevant areas to assess included clear definition of
study population including inclusion and exclusion criteria,
sample size, and time frame sufficient to assess mortality.
Less important in these studies were questions that assessed
exposure, blinding, and loss to follow-up.

Stage Migration Patterns from AJCC Staging System
7th to 8th Edition
Revised staging criteria resulted in reclassification of many
groups of patients based upon age, disease extension, and
tumor size [7]. Figure 2 shows the pattern of stage migration
for the pooled study population. To quantify these changes

and test for differences in the patterns of stage migration
among institutions, we performed a meta-analysis for stage
migration, as shown in Figure 3. Patients either remained in
the original stage category or were staged to a lower cate-
gory. No patients moved up to a higher stage category. Some
subgroups do not have summary estimates because there
was no variability: all patients in stage I remained in stage I,
and all patients in stage III migrated out of stage III. For
patients that were originally categorized in stage II (AJCC-7),
more than three-fourths migrated to stage I (0.76, 95% confi-
dence interval [CI]: 0.71–0.82), and about a quarter remained
in stage II (0.24, 95% CI: 0.18–0.29). For patients originally in
stage III, more than half moved to stage I (0.58, 95% CI: 0.51,
0.65), and the rest moved to stage II (0.41, 0.34–0.48). For
patients originally in stage IV, a quarter moved to stage I
(0.26, 95% CI: 0.18, 0.34), a third moved to stage II (0.32,
95% CI: 0.27–0.36), less than 20% moved to stage III (0.18,
95% CI: 0.11–0.24), and a quarter remained in stage IV (0.24,
95% CI: 0.10–0.37). Interestingly, notable heterogeneity
(>50%) was found for migration proportion outcomes among
studies (Fig. 3).

Disease-Specific Survival from AJCC 7th to AJCC 8th
Edition
A goal of the updated AJCC-8 staging for DTC was to better
distinguish patient disease groups with poor prognosis from

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow chart of study selection.
Abbreviations: AJCC, American Joint Committee on Cancer; DSS, disease-specific survival.
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the majority of patients with good long-term outcomes. To
test whether AJCC-8 staging achieved this aim, we com-
pared differences in disease-specific survival across stages
of disease when patients were classified according to
AJCC-7 versus AJCC-8 (Fig. 4 and Table 2). As shown in
Figure 4, AJCC-8 better stratifies disease-specific survival
risk among stages. Specifically, the summary disease-specific
survival HRs in AJCC-8 increase progressively with higher
clinical stage. For AJCC-8 classification, the summary HR
for stage II was 10.6 (95% CI: 6.68–15.77), 43.81 (95% CI:
18.70–102.61) for stage III, and 85.39 (95% CI:
41.01–177.78) for stage IV relative to stage I. By compari-
son, the summary HRs in the prior AJCC-7 system were
approximately 4 for both stage II (4.36, 95% CI: 1.92–9.94)
and stage III (4.27, 95% CI: 2.85–6.38) disease compared
with stage I; the summary HR was higher for stage IV dis-
ease at 36.55 (95% CI: 18.30–73.01). Across all stages, the
summary HRs were higher in AJCC-8 compared with AJCC-7,
although these differences were not statistically significant
(Table 2 and Fig. 4).

In addition, Figure 4 shows that the heterogeneity among
studies is greater for stages III and IV with the new classifica-
tion, whereas stage II heterogeneity remained similar
between AJCC-7 and AJCC-8. Shteinshnaider et al. [13] and
T.H. Kim et al. [16] tended to have lower HR across all stages
with AJCC-8, whereas M. Kim et al. [17], Tam et al. [14], and
van Velsen et al. [19] had higher HRs compared with the

summary HR across all stages with AJCC-8. This variability
across studies is reflected in the increased I2 measure for
stage III and IV and emphasizes the importance of variations
in local patient populations and practice patterns in the
reported validation studies and the utility of meta-analyses
to provide more generalizable disease information. Ten-year
disease-specific survival was significantly lower in AJCC-8
compared with AJCC-7 in stage II (88.58, 95% CI:
82.73–94.85 vs. 98.09, 95% CI: 96.59–99.60, respectively)
and stage III (70.45, 95% CI: 59.13–83.93 vs. 96.84, 95% CI:
94.12, 99.64, respectively; Table 3). Meta-regression analysis
resulted in similar conclusions to the stratified meta-analyses
(not shown). There was mild to notable heterogeneity found
among studies for DSS and HR outcomes (Tables 2 and 3).

Funnel plots for stage migration and disease-specific sur-
vival analyses did not show evidence of publication bias
(supplemental online Fig. 1). Sensitivity analysis indicates
that the removal of studies one by one does not significantly
change summary estimates, which makes us confident that
the results are robust (supplemental online Fig. 2).

DISCUSSION

The recently revised criteria in the 8th edition of AJCC stag-
ing for DTC introduced key modifications to improve stratifi-
cation of mortality between stages. Expert consensus
opinion was that previous versions of AJCC did not

Figure 2. Alluvial diagram of stage migration with American Joint Committee on Cancer revision.
Abbreviations: AJCC7, American Joint Committee on Cancer 7th edition; AJCC8, American Joint Committee on Cancer 8th edition.
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adequately distinguish those patients with a poor survival
prognosis from the majority of patients diagnosed with DTC
who have excellent long-term survival, which limited its use

for making treatment decisions. Although DTC has favorable
prognosis, accurate prediction is important to clinical man-
agement of patients. Since the introduction of AJCC-8, a

Figure 3. Stage migration from American Joint Committee on Cancer 7th to 8th edition staging for differentiated thyroid cancer.
Abbreviations: CI, confidence interval; ES, effect size.
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number of groups have reported its performance compared
with AJCC-7, but because patient populations and practice
patterns can vary significantly across institutions, the gener-
alizability of these results remained unclear. Therefore, we
performed a meta-analysis of studies reporting the

comparative performance of these AJCC editions, comprising
data from multiple institutions in geographically diverse
areas. We show that AJCC-8 revision improved stratification
of disease-specific survival among clinical stages of disease
compared with AJCC-7. Specifically, summary HRs for

Figure 4. Stratified forest plot comparing 10-year disease-specific survival of American Joint Committee on Cancer 7th and 8th edi-
tion staging for differentiated thyroid cancer.
Abbreviation: CI, confidence interval.
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disease-specific survival with AJCC-8 progressively increase
with higher clinical stage, as shown in Figure 4 and Table 2.
This is in contrast to the summary HR with AJCC-7, in which
stage II and III disease both had HR near 4 compared with
stage I disease. We expect that patients who are moving
from a higher stage using AJCC-7 to a lower stage using
AJCC-8 had a lower risk of mortality. For example, using the
pooled study population, all patients originally categorized as
stage I remained in stage I, and approximately 20% of the
total number of patients moved to stage I. We postulate that
those patients who moved to stage I actually had a lower risk
of mortality and expect the HRs to be greater in AJCC-8 ver-
sus AJCC-7. This is exactly what we observe for stages II, III,
and IV with HRs of 4, 4, and 37 versus 10, 44, and 85, respec-
tively, for AJCC-7 versus AJCC-8. The improved mortality risk
stratification in AJCC-8 may enable more appropriate patient
counseling and optimal selection of patients for systematic
therapies or more frequent tumor surveillance.

Although there was relative consistency between all
included studies, the results of this analysis showed mild to
notable heterogeneity in DSS estimates, which may have
been affected by individual study differences in characteris-
tics considered to influence thyroid cancer survival, including
sex, DTC subtype (papillary vs. follicular), distant metastasis,
surgery, and radioactive iodine therapy. These underlying dif-
ferences in the individual study populations of published
reports highlight the need for the present summative analy-
sis providing broader validation of the revised AJCC criteria.

Meta-analysis of stage migration showed that many
patients were reclassified to lower stages when changing
from AJCC-7 to AJCC-8. Importantly, significant heterogene-
ity was seen among studies for stage migration, particularly
for stage III and IV disease. Significant differences in cancer
characteristics between studies, which included primary
tumor size, extrathyroidal extension, lymph node metasta-
sis, and distant metastasis, likely influenced variation in
stage migration. Patients aged ≥55 years with minimal
extrathyroidal extension or central lymph node metastases
would be classified as stage III in AJCC-7, but in AJCC-8
would be stage I or II, respectively. Although patients aged
≥55 years with distant metastases would be stage IV in
AJCC-7 and AJCC-8, those with lateral lymph node metasta-
ses or gross extrathyroidal extension not involving the

prevertebral fascia or encasing major vessels would be
downstaged from stage IV to stage II or III when comparing
AJCC-7 with AJCC-8. Given that the rate of distant metastasis
varied from 1% to 9% between studies, this may have had
significant influence over the variability in stage migration.
Patients aged 45–55 years with stage III–IV disease in
AJCC-7 would be classified in AJCC-8 as stage I (without dis-
tant metastases) or II (with distant metastases), and, there-
fore, differences in patient age between studies might
affect differences in stage migration. Although the median
patient age was similar between studies, making this less
likely to account for the observed difference, it is possible
that age differences in specific stage III–IV patients contrib-
uted to our findings.

Limitations of this study include the incomplete retrieval
of identified research from one study (Ghaznavi et al. [18]),
for which we were unable to obtain sufficient granularity of
data to complete planned analyses. Our analysis was also
limited largely by the available published data for clinical
variables, such as age, which precluded patient level adjust-
ment for these variables or subgroup analyses. Specifically,
with the shift in age threshold from 45 to 55 years within
the AJCC criteria, analysis within this age range would have
been valuable but was not possible with the available data.
Our analysis did not find evidence of publication bias, and
sensitivity analysis suggested robust results with our conclu-
sions not dependent upon data from any single study.
Lastly, in addition to disease-specific mortality, local disease
recurrence remains a significant challenge for patients with
thyroid cancer and their providers, which is not the goal of
the AJCC system. Future research into risk factors for dis-
ease recurrence may further improve care by identifying
patients most likely to benefit from aggressive adjuvant
therapies and posttreatment surveillance.

CONCLUSION

The revised AJCC criteria more effectively identified patients
with DTC with worse cancer-specific survival. Notably, the
clinical characteristics of each study population, including
DTC subtype, extent of disease, and treatment, varied signifi-
cantly among the included reports, and differences between
studies were seen with respect to the proportion of patients

Table 2. Meta-analyses comparing summary HR of
American Joint Committee on Cancer 7th and 8th edition
staging for differentiated thyroid cancer

Stage

7th edition 8th edition

Pooled HR
(95% CI)

I2

(%)
Pooled HR
(95% CI)

I2

(%)

I (ref)

II 4.36
(1.92–9.94)

35.1 10.26
(6.68–15.77)

34.9

III 4.27
(2.85–6.38)

0.0 43.81
(18.70–102.61)

68.2a

IV 36.55
(18.30–73.01)

52.0 85.39
(41.01–177.78)

69.4a

ap < .05.
Abbreviations: CI, confidence interval; HR, hazard ratio.

Table 3. Meta-analyses comparing summary 10-year DSS of
American Joint Committee on Cancer 7th and 8th edition
staging for differentiated thyroid cancer

Stage

7th edition 8th edition

Pooled DSS
(95% CI)

I2

(%)
Pooled DSS
(95% CI)

I2

(%)

I 99.39
(98.85–99.93)

57.1 99.28
(98.67–99.90)

73.5a

II 98.09
(96.59–99.60)

0.0 88.58
(82.73–94.85)

70.1

III 96.84
(94.12–99.64)

67.7a 70.45
(59.13–83.93)

0.0

IV 72.59
(63.53–82.94)

79.9a 65.49 (57.19–75.00) 66.8a

ap < .05.
Abbreviations: CI, confidence interval; DSS, disease-specific survival.
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migrating between stages and disease-specific survival esti-
mates. These data provide updated summary estimates of
disease-specific survival for the current AJCC stages that are
generalizable to broader populations and provide further val-
idation of the improved stratification of patients with
increased mortality risk from DTC using AJCC 8th edition.
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