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Background: The staging system for patients with anaplastic thyroid cancer (ATC) was
updated in the 8th edition of the American Joint Committee on Cancer Staging Manual. A
cut-off age of 55 years was stipulated as a prognostic factor for differentiated thyroid
cancer; however, age was not considered for ATC patients. To this end, this study
investigated the relationship between age at diagnosis and prognosis of ATC patients.

Methods: The clinical information on ATC patients was acquired from the Surveillance,
Epidemiology, and End Results Program public database. Youden’s index and X-tile
analyses were used to calculate the high-point age at diagnosis associated with
prognosis. Cox proportional hazards models, Kaplan-Meier curves, and 1000-person-
year were then used for verifying the accuracy of the high-point age.

Results: After inclusion/exclusion criteria was applied, 586 patients were included in this
study. The high-point age was determined to be 70 years by both the Youden’s index and
X-tile plot methods. The hazard ratio was 1.662 (95% confidence interval [CI]: 1.321-
2.092), indicating that there was an increased risk of poor prognosis for patients > 70
years of age. The cancer-specific mortality rates per 1000-person-years for patients ≤

and > 70 years-old were 949.980 (95% CI: 827.323-1090.822) and 1546.667 (95% CI:
1333.114-1794.428), respectively. P-values were < 0.001 for the results shown above.

Conclusion: Our study found that age influenced the prognosis of ATC patients.
Furthermore, we determined that the high-point age at diagnosis was 70 years and
that > 70 years of age was associated with a poor prognosis. These results provide a
useful addition to the staging manual and can improve the diagnosis, treatment strategies
and prognosis of ATC patients.

Keywords: anaplastic thyroid cancer, age at diagnosis, staging system, AJCC, SEER
INTRODUCTION

Thyroid cancer is the most common endocrine malignancy, and the incidence, is increasing at an
alarming rate, especially in women (1–3). According to statistics, thyroid cancer has the fourth
highest incidence rate of all malignant cancers (2, 4). The majority of thyroid tumors are
differentiated thyroid cancers (DTCs), such as papillary and follicular tumors, which exhibit a
good prognosis with a 5-year survival rate of 98% (3, 5). However, anaplastic thyroid cancers (ATC),
a small subset of thyroid tumors, consists of undifferentiated cells with a median survival rate of 5
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months and a 1-year-survival rate of < 20%, and account for 40–
50% of thyroid cancer-specific mortality (6).

In the clinic, ATC usually presents as a neck mass that blocks
the function of the esophagus and trachea and presents with
symptoms of dysphagia, dysphonia or hoarseness, stridor, and/or
dyspnea (7, 8). A previous multivariate analysis reported that
age, presence of acute symptoms, leukocytosis, large tumor, and
distant metastasis are independent factors for its prognosis (9).
Another study also reported, surgical methods, chemotherapy,
and gross residual disease to be amongst these factors (10).

It is common for patient age at diagnosis to be used as a
prognostic factor for thyroid cancer patients (11). For DTC, age
is included in the American Joint Committee on Cancer (AJCC)
staging system (12, 13). Furthermore, in the most recent 8th

edition, the cut-off point for age at diagnosis was increased from
45 to 55 years (14). Since a linear association between age and
survival has been reported in previous studies, the high-point age
at diagnosis is dispute (15).

The staging system was updated in the 8th edition of the AJCC
manual (14); however, the age at diagnosis was not considered in
the staging system for ATC patients (13). Thus, this study
investigated the relationship between age at diagnosis and the
prognosis of ATC patients to propose an accurate high-point age
at diagnosis. Our results may provide additional information for
the staging manual that may be of great value in the diagnosis,
treatment, and prognosis of ATC patients.
MATERIALS AND METHODS

Patients and Database
Data were acquired from the open access, authoritative database
from the Surveillance, Epidemiology, and End Results (SEER)
Program, launched in 1973 by the United States Centers for
Disease Control and Prevention and National Cancer Institute.
The SEER database includes information on patients with
endocrine, respiratory, digestive system, and other tumors, and
covers approximately 34.6% of the population in the United
States. The data used in this study were obtained from a public
anonymized database and ethics committee approval and
informed consent were not required.

We enrolled 1286 patients with ATC from 2004 to 2017 using
the ICD-0-3 SEER site/histology validation code 8021/3. The
information entered for each patient included patient
identification; race; age at diagnosis; sex; year of diagnosis;
tumor (T)-stage; lymph node (N)-stage; metastasis (M)-stage;
AJCC 7th edition staging; multifocality; tumor size; tumor
extension; bone brain, liver, and lung metastasis; and surgical
method. Moreover, we excluded patients who had missing
information as follows: 1) patients whose AJCC staging
information was missing (698 patients) and 2) patients whose
months of survival were recorded as unknown (2 patients).

Statistical Analysis
We assessed the association between prognosis (mortality) and
the age at diagnosis with Cox proportional hazards models. The
Frontiers in Endocrinology | www.frontiersin.org 2
results of the Cox analysis were adjusted for sex; race; year of
diagnosis; tumor size; extension; multifocality; TNM-stage; bone,
brain, liver, and lung metastasis; and surgical method. The
optimal cut-off age was determined using the Youden’s index,
which integrates sensitivity and specificity information with a
value that ranges from 0-1, and X-tile plots, a tool for biomarker
assessment and outcome-based cut-point optimization. Finally,
Kaplan-Meier curves, Cox proportional hazards models, and
mortality per 1000-person-years were used to determine the
significance of the cut-off age.

Frequencies, proportions, and mean values ± standard
deviations were used to present variables, as appropriate. P <
0.05 was considered statistically significant. Statistical analyses
were performed using SPSS, version 22.0 (IBM Corp., Armonk,
NY, USA), Stata/SE version 15 (Stata Corp, College Station, TX,
USA), GraphPad Prism version 7 (GraphPad Software Inc., La
Jolla, CA, USA), or X-tile 3.6.1 (Robert L Camp, M.D., Ph.D.,
Yale University, USA).
RESULTS

General Characteristics of
Study Population
This study included 586 patients with ATC. Table 1 shows the
demographic data, clinical characteristics, and treatment
methods for patients with ATC. The mean age of the 586
patients was 69.66 ± 11.64 years-old, with a range of 26-85
years. Furthermore, 286 patients were > 70 years. Compared with
patients whose age was ≤ 70 or > 70 years, the approximate ratio
was 1:1. The female to male ratio was approximately 3: 2.

The Effect of Age and the High Point
According to Table 2, after adjusting for the variables described
above, the hazard ratio for prognosis and overall age at diagnosis
was 1.022 (95% confidence interval [CI]: 1.012-1.032), P < 0.001.

The cut-off year for the age at diagnosis was determined to be
70 years old, using both the Youden’s index and X-tile plots with
data on cancer-specific and overall mortality. Results of sensitivity
and 1-specificity are shown in Supplement Table 1; the
maximum value was 0.075, corresponding to 70 years. The
results of X-tile plots are shown for cancer-specific mortality
(Figures 1A–C) and overall mortality (Figures 1D–F) for patients
under and over 70 years of age. The survival curves indicated that
patients under 70 years of age had less cancer-specific and overall
mortality than patients over 70 years, with Kaplan-Meier curves
showing greater cancer-specific and overall mortality for
patients > 70 years than for those ≤ 70 years of age (P < 0.001).

Validation of Cut-Off Year
To confirm the accuracy of the cut-off age, we used Cox
proportional hazards models with two groups, patients ≤ 70
years-old and > 70 years-old at diagnosis. After adjusting for the
variables described above, the hazard ratio was 1.662 (95% CI:
1.321-2.092), with P < 0.001 (Table 3). The cancer-specific
mortality rates were 949.980 (95% CI: 827.323-1090.822) and
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1546.667 (95% CI: 1333.114-1794.428) 1000-person-years for
patients who were diagnosed at ≤ 70 and > 70 years-old,
respectively (Table 4). The overall mortality rates were
1082.316 (95% CI: 950.835-1231.978) and 1742.222 (95% CI:
1514.619-2004.027) 1000-person-years for the ≤ 70 years and >
70 years age groups, respectively (Table 4).

Table 5 shows the comparisons of clinicopathological
features between patients who were ≤ and > 70 years of age.
Sex, multifocality, tumor size, N-stage, M-stage, bone metastasis,
and overall mortality were significantly different between the two
groups of patients; however, there were no differences for the
other characteristics.
Frontiers in Endocrinology | www.frontiersin.org 3
DISCUSSION

Although there is a relationship between age and prognosis for
different types of malignancies, thyroid cancer is unique because
age is included as a staging variable (16). In 1983, the 2nd edition
of the AJCC manual first settled on a dichotomous cut-off age of
45 years for DTC (17). The relationship between age and thyroid
cancer has since been reevaluated. In 2018, a high-point age of 55
years was proposed because several recent studies suggested that
mortality did not increase in patients with thyroid cancer before
the age of 50 or 55 years at the time of diagnosis. The majority of
deaths from thyroid cancer appeared to occur in those patients
diagnosed after the age of 55 years (18, 19).

Besides patients diagnosed with DTC, the age at diagnosis
should also be considered for other pathological types of thyroid
cancer, such as ATC, for staging. Our study verified using Cox
proportional hazard models that age influenced the prognosis of
patients with ATC, and patients who were diagnosed at an older
age had a worse prognosis. The Youden’s index and X-tile
analyses showed that 70 years of age was the dichotomous cut-
off for a worse prognosis for ATC patients.

It is reported that the largest group of patients with ATC were in
their seventh and eighth decade of life (20). Although patients who
were younger than 50 years-old have a better prognosis, such patients
are few in number, and even rare under the age of 40 years (21). Thus,
several studies have assessed the relationship between ATC severity
and age at diagnosis and reported that age is an independent factor
that was significantly associated with longer survival (9, 10).

Vladan’s et al. divided 150 ATC patients into 3 groups, <50
years-old, 51-70 years-old, and >70 years-old. They found that
the chances of survival of the youngest age group were
significantly better than that of the other two older age groups.
TABLE 1 | Demographics and clinical characteristics of 586 patients with
anaplastic thyroid cancer.

Variable N (%)

Gender
Female 353 (60.24)
Male 233 (39.76)

Race
White 456 (78.08)
Black 46 (7.88)
Other 82 (14.04)

Age at diagnosis (mean, ± SD) 69.66 (± 11.64)
Year of diagnosis
2010-2013 368 (62.80)
2014-2015 218 (37.20)

Tumor size, mean (SD), mm 76.89 (± 100.79)
Number of tumor foci
1 399 (79.32)
≥ 2 104 (20.68)

Extension
No 73 (13.70)
Yes 459 (86.30)

T category
T4a 102 (19.69)
T4b 416 (80.31)

N category
N0 261 (44.54)
N1 325 (55.46)

M category
M0 312 (53.24)
M1 274 (46.76)

Bone metastasis
Yes 60 (10.77)
No 497 (89.23)

Brain metastasis
Yes 21 (3.79)
No 533 (96.21)

Liver metastasis
Yes 24 (4.32)
No 532 (95.68)

Lung metastasis
Yes 208 (37.28)
No 350 (62.72)

Surgical procedure
Biopsy 327 (57.09)
Lobectomy 90 (15.71)
Subtotal or near-total thyroidectomy 28 (4.89)
Total thyroidectomy 128 (22.34)
SD, standard deviation.
TABLE 2 | Adjusted Cox proportional hazards analyses of cancer-specific
mortality for patients with anaplastic thyroid cancer.

Variable HR 95%CI P-value

Age at diagnosis 1.022 1.012-1.032 <0.001
Race White Ref
Black 1.486 0.958-2.305 0.0771
Other 1.175 0.851-1.623 0.327

Gender 0.961 0.756-1.222 0.746
Year of diagnosis 0.941 0.749-1.182 0.600
Tumor size 1.001 1.000-1.002 0.008
Extension 0.880 0.501-1.546 0.656
Number of tumor foci 1.110 0.838-1.470 0.466
T stage 1.409 0.871-2.280 0.163
N stage 1.078 0.841-1.381 0.554
M stage 1.094 0.713-1.676 0.682

Bone metastasis 0.877 0.570-1.349 0.549
Brain metastasis 0.977 0.488-1.955 0.946
Liver metastasis 1.389 0.799-2.413 0.244
Lung metastasis 1.818 1.193-2.773 0.005
Surgical procedure Biopsy Ref
Lobectomy 0.734 0.533-1.009 0.057
Subtotal or near-total thyroidectomy 0.660 0.398-1.094 0.107
Total thyroidectomy 0.445 0.333-0.594 <0.001
J
uly 2021 | V
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In their study cohort, one-year survival of the youngest age group
was observed in more than half the patients, whereas in the other
two older groups one-year survival was 3-4 times less.
Furthermore, during the first month from diagnosis of ATC,
Frontiers in Endocrinology | www.frontiersin.org 4
almost 30% of patients older than 70 years died, while less than
10% in the two younger age groups died (22).

Older patients were more likely to show a worse prognosis in
thyroid cancer, which might have been affected by various
A B

D E F

C

FIGURE 1 | X-tile analysis of 586 anaplastic thyroid cancer patients based on cancer-specific mortality and overall mortality. ABBREVIATION: The training plots are
shown in panel (A, D), with matched validation sets shown in panels (B, E) and (C, F). The optimal cut-point highlighted by the black circle in panel (A, D) is shown
on a histogram of the entire cohort (B, E) and a Kaplan-Meier plot (C, F). The picture of (A–C) is for cancer-specific mortality; the picture (D–F) is for overall
mortality. P values were determined by using the cut-point defined in the training set and applying it to the validation sets (P < 0.001).
TABLE 3 | Adjusted Cox proportional hazards analyses of cancer-specific mortality for patients with anaplastic thyroid cancer based on the cut-off age at diagnosis of
70 years.

Variable HR 95%CI P-value

Age at diagnosis ≤70 Ref
>70 1.662 1.321-2.092 <0.001

Race White Ref
Black 1.481 0.950-2.307 0.083
Other 1.179 0.855-1.626 0.315

Gender 0.941 0.741-1.195 0.619
Year of diagnosis 1.662 1.321-2.092 <0.001
Tumor size 1.001 1.000-1.002 0.083
Extension 0.873 0.497-1.534 0.627
Number of tumor foci 1.130 0.853-1.497 0.394
T stage 1.402 0.886-2.269 0.169
N stage 1.070 0.836-1.370 0.592
M stage 1.151 0.751-1.764 0.517

Bone metastasis 0.911 0.594-1.398 0.669
Brain metastasis 0.861 0.430-1.722 0.672
Liver metastasis 1.330 0.767-2.309 0.310
Lung metastasis 1.735 1.138-2.644 0.010
Surgical procedure Biopsy Ref
Lobectomy 0.765 0.556-1.053 0.100
Subtotal or near-total thyroidectomy 0.619 0.370-1.035 0.068
Total thyroidectomy 0.424 0.318-0.566 <0.001
July 2021 | Volume 12 | Article
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factors. A study has pointed out that radioactive iodine (RAI),
thyroid-stimulating hormone (TSH) levels, luteinizing hormone
(LH) and follicle-stimulating hormone (FSH) homology,
immune system decline, and genetic variation are associated
with poor prognosis in thyroid cancer patients of advanced
age (23).

ATC is a carcinoma with a high mortality rate. With
increasing age, the selection of treatments for ATC patients is
limited. In a previous study, researchers reported that subgroup
analysis showed significance for radiotherapy, while multivariate
analysis did not (7). In additional, they also pointed out that
Frontiers in Endocrinology | www.frontiersin.org 5
radiotherapy can provide benefit in terms of on loco-regional
control but is not associated with an increase in survival (7).

For ATC patients, surgery had a greater impact on the overall
survival (24). Furthermore, different surgical methods also
impacted the survival rate. The prognosis of patients
undergoing total thyroidectomy was significantly better than
that of those undergoing partial thyroidectomy/lobectomy/
subtotal thyroidectomy/subtotal thyroidectomy. The median
survival time was also significantly improved in those who
underwent total thyroidectomy (25). However, in addition to
tumor size and location, the age of the patient also plays a crucial
TABLE 4 | Results of 1000-person-years for cancer-specific and overall mortality for anaplastic thyroid cancer patients with a dichotomous cut-off age at diagnosis of
70 years.

Variable Fail Rate 95% CI

Cancer-specific mortality Age at diagnosis ≤ 70 201 949.980 827.323-1090.822
Age at diagnosis > 70 174 1546.667 1333.114-1794.428

Overall mortality Age at diagnosis ≤ 70 229 1082.316 950.835-1231.978
Age at diagnosis > 70 196 1742.222 1514.619-2004.027
July 2021 | Volume
CI, confidence interval.
TABLE 5 | Comparisons of clinicopathological characteristics between patients who were ≤ and > 70 years-old at the time of diagnosis of anaplastic thyroid cancer.

Variables Age at diagnosis ≤ 70 Age at diagnosis > 70 P-value

Gender Female 155 (43.91) 198 (56.09) <0.001
Male 145 (62.23) 88 (37.77)

Race White 235 (51.54) 221 (48.46) 0.235
Black 28 (60.87) 18 (39.13)
Other 37 (45.12) 45 (54.88)

Year of diagnosis 2010-2013 177 (48.10) 191 (51.90) 0.051
2014-2015 123 (56.42) 95 (43.58)

Tumor size, mean (± SD), mm 235 (± 361.168) 258.22 (± 377.791) 0.031
Number of tumor foci 1 205 (51.38) 194 (48.62) 0.006

≥ 2 53 (50.96) 51 (49.04)
Extension No 37 (50.68) 36 (49.32) 0.563

Yes 240 (52.29) 219 (47.71)
T category T4a 50 (49.02) 52 (50.98) 0.569

T4b 217 (52.16) 199 (47.84)
N category N0 116 (44.44) 145 (55.56) 0.003

N1 184 (56.62) 141 (43.38)
M category M0 147 (47.12) 165 (52.88) 0.035

M1 153 (55.84) 121 (44.16)
Bone metastasis No 250 (50.30) 247 (49.70) 0.008

Yes 41 (68.33) 19 (31.67)
Brain metastasis No 274 (51.41) 259 (48.59) 0.170

Yes 14 (66.67) 7 (33.33)
Liver metastasis No 275 (51.69) 257 (48.31) 0.524

Yes 14 (58.33) 10 (41.67)
Lung metastasis No 177 (50.57) 173 (49.43) 0.234

Yes 116 (55.77) 92 (44.23)
Surgical procedure Biopsy 151 (46.18) 176 (53.82) 0.052

Lobectomy 47 (52.22) 43 (47.78)
Subtotal or near-total thyroidectomy 17 (60.71) 11 (39.29)
Total thyroidectomy 76 (59.38) 52 (40.62)

Survival month, mean (± SD) 8.46 (± 14.80) 4.72 (± 10.00) <0.001
Cancer-specific mortality Live 63 (57.27) 47 (42.73) 0.157

Dead 237 (49.79) 239 (50.21)
Overall mortality Live 30 (73.17) 11 (26.83) 0.004

Dead 270 (49.54) 275 (50.46)
12 | Article
SD, standard deviation.
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role in the choice of surgical method, and thus, the following
adjuvant therapy.

There were limitations in this study. Because of the lack of
serology-related indicators and molecular markers in the SEER
database, we could not analyze the relationship between
serology-related indicators and/or molecular markers and age
at diagnosis of ATC. Furthermore, our study cohort had no
limits of means to download the chemotherapy information, on
external irradiation of ATC patients from the SEER database.
Thus, we have not taken chemotherapy or external irradiation
into consideration, which might influence the prognosis of
patients. However, we will continue to pay attention to this
issue in our future work. This study, evaluated cancer-specific
and overall mortality in different age groups of ATC patients.
Further, studies will be needed to investigate the associations
between ATC prognosis and serology-related indicators and/or
molecular markers.

In conclusion, we confirmed that the age at diagnosis
influences ATC patients’ prognosis and calculated that the
high-point of age at diagnosis was 70 years-old. We believe
that these data should be considered in the next edition of the
AJCC Staging Manual, and will aid in accurately diagnosing
patients with ATC, provide for more specific treatments, and
improve the prognosis prediction of these patients. We hope that
future studies will be conducted to confirm our results and
Frontiers in Endocrinology | www.frontiersin.org 6
further study the relationship between age and patients
with ATC.
DATA AVAILABILITY STATEMENT

Publicly available datasets were analyzed in this study. This data
can be found here: SEER database.
AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the submitted
version. NK, QX, and NB collected the data, and assured the
integrity and accuracy of these data. NK and AC performed the
data analysis and interpretation. NK prepared the figures. NB,
ST, and ZZ provided administrative support. NK wrote the first
draft of the manuscript.
SUPPLEMENTARY MATERIAL

The Supplementary Material for this article can be found online at:
https://www.frontiersin.org/articles/10.3389/fendo.2021.704596/
full#supplementary-material
REFERENCES
1. Kitahara CM, Sosa JA. The Changing Incidence of Thyroid Cancer. Nat Rev

Endocrinol (2016) 12(11):646–53. doi: 10.1038/nrendo.2016.110
2. Morris LG, Tuttle RM, Davies L. Changing Trends in the Incidence of

Thyroid Cancer in the United States. JAMA Otolaryngol– Head Neck Surg
(2016) 142(7):709–11. doi: 10.1001/jamaoto.2016.0230

3. Cabanillas ME, McFadden DG, Durante C. Thyroid Cancer. Lancet (London
England) (2016) 388(10061):2783–95. doi: 10.1016/s0140-6736(16)30172-6

4. Lin B, Ma H, Ma M, Zhang Z, Sun Z, Hsieh IY, et al. The Incidence and
Survival Analysis for Anaplastic Thyroid Cancer: A SEER Database Analysis.
Am J Trans Res (2019) 11(9):5888–96.

5. Lim H, Devesa SS, Sosa JA, Check D, Kitahara CM. Trends in Thyroid Cancer
Incidence and Mortality in the United States, 1974-2013. JAMA (2017) 317
(13):1338–48. doi: 10.1001/jama.2017.2719

6. Saini S, Tulla K, Maker AV, Burman KD, Prabhakar BS. Therapeutic
Advances in Anaplastic Thyroid Cancer: A Current Perspective. Mol
Cancer (2018) 17(1):154. doi: 10.1186/s12943-018-0903-0

7. Molinaro E, Romei C, Biagini A, Sabini E, Agate L, Mazzeo S, et al. Anaplastic
Thyroid Carcinoma: From Clinicopathology to Genetics and Advanced
Therapies. Nat Rev Endocrinol (2017) 13(11):644–60. doi: 10.1038/
nrendo.2017.76

8. Sun C, Li Q, Hu Z, He J, Li C, Li G, et al. Treatment and Prognosis of
Anaplastic Thyroid Carcinoma: Experience From a Single Institution in
China. PloS One (2013) 8(11):e80011. doi: 10.1371/journal.pone.0080011

9. Sugitani I, Miyauchi A, Sugino K, Okamoto T, Yoshida A, Suzuki S. Prognostic
Factors and Treatment Outcomes for Anaplastic Thyroid Carcinoma: ATC
Research Consortium of Japan Cohort Study of 677 Patients. World J Surg
(2012) 36(6):1247–54. doi: 10.1007/s00268-012-1437-z

10. Xu B, Fuchs T, Dogan S, Landa I, Katabi N, Fagin JA, et al. Dissecting
Anaplastic Thyroid Carcinoma: A Comprehensive Clinical, Histologic,
Immunophenotypic, and Molecular Study of 360 Cases. Thyroid: Off J Am
Thyroid Assoc (2020) 30(10):1505–17. doi: 10.1089/thy.2020.0086

11. Shah S, Boucai L. Effect of Age on Response to Therapy and Mortality in
Patients With Thyroid Cancer at High Risk of Recurrence. J Clin Endocrinol
Metab (2018) 103(2):689–97. doi: 10.1210/jc.2017-02255
12. Edge SB, Compton CC, Fritz AG, Greene FL, Trotti A. AJCC Cancer Staging
Manual. 7th Edition. Chicago, IL: Springer (2010).

13. Edge SB, Byrd DR, Brookland RK, Washington MK, Gershenwald JE,
Compton CC, et al. AJCC Cancer Staging Manual. 8th Edition. Chicago, IL:
Springer (2017). doi: 10.1007/978-3-319-40618-3

14. Berg AN, Seethala RR. The American Joint Committee on Cancer Eighth
Edition: Changes in Thyroid Carcinoma Staging and an Update on Reporting.
AJSP: Rev Rep (2018) 23(3):145–8. doi: 10.1097/pcr.0000000000000244

15. Kazaure HS, Roman SA, Sosa JA. The Impact of Age on Thyroid Cancer
Staging. Curr Opin Endocrinol Diabetes Obes (2018) 25(5):330–4.
doi: 10.1097/med.0000000000000430

16. McLeod DS, Jonklaas J, Brierley JD, Ain KB, Cooper DS, Fein HG, et al.
Reassessing the NTCTCS Staging Systems for Differentiated Thyroid Cancer,
Including Age at Diagnosis. Thyroid: Off J Am Thyroid Assoc (2015) 25
(10):1097–105. doi: 10.1089/thy.2015.0148

17. Ellis FH Jr, Watkins E Jr, Krasna MJ, Heatley GJ, Balogh K. Staging of
Carcinoma of the Esophagus and Cardia: A Comparison of Different
Staging Criteria. J Surg Oncol (1993) 52(4):231–5. doi: 10.1002/
jso.2930520406

18. Bischoff LA, Curry J, Ahmed I, Pribitkin E, Miller JL. Is Above Age 45
Appropriate for Upstaging Well-Differentiated Papillary Thyroid Cancer?
Endocr Pract (2013) 19(6):995–7. doi: 10.4158/ep13029.Or

19. Mazurat A, Torroni A, Hendrickson-Rebizant J, Benning H, Nason RW,
Pathak KA. The Age Factor in Survival of a Population Cohort of Well-
Differentiated Thyroid Cancer. Endocr Connect (2013) 2(3):154–60.
doi: 10.1530/ec-13-0056

20. Sugitani I, Kasai N, Fujimoto Y, Yanagisawa A. Prognostic Factors and
Therapeutic Strategy for Anaplastic Carcinoma of the Thyroid. World J
Surg (2001) 25(5):617–22. doi: 10.1007/s002680020166

21. Pichardo-Lowden A, Durvesh S, Douglas S, Todd W, Bruno M, Goldenberg
D. Anaplastic Thyroid Carcinoma in a Young Woman: A Rare Case of
Survival. Thyroid: Off J Am Thyroid Assoc (2009) 19(7):775–9. doi: 10.1089/
thy.2009.0025

22. Zivaljevic V, Tausanovic K, Paunovic I, Diklic A, Kalezic N, Zoric G, et al. Age
as a Prognostic Factor in Anaplastic Thyroid Cancer. Int J Endocrinol (2014)
2014:240513. doi: 10.1155/2014/240513
July 2021 | Volume 12 | Article 704596

https://www.frontiersin.org/articles/10.3389/fendo.2021.704596/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fendo.2021.704596/full#supplementary-material
https://doi.org/10.1038/nrendo.2016.110
https://doi.org/10.1001/jamaoto.2016.0230
https://doi.org/10.1016/s0140-6736(16)30172-6
https://doi.org/10.1001/jama.2017.2719
https://doi.org/10.1186/s12943-018-0903-0
https://doi.org/10.1038/nrendo.2017.76
https://doi.org/10.1038/nrendo.2017.76
https://doi.org/10.1371/journal.pone.0080011
https://doi.org/10.1007/s00268-012-1437-z
https://doi.org/10.1089/thy.2020.0086
https://doi.org/10.1210/jc.2017-02255
https://doi.org/10.1007/978-3-319-40618-3
https://doi.org/10.1097/pcr.0000000000000244
https://doi.org/10.1097/med.0000000000000430
https://doi.org/10.1089/thy.2015.0148
https://doi.org/10.1002/jso.2930520406
https://doi.org/10.1002/jso.2930520406
https://doi.org/10.4158/ep13029.Or
https://doi.org/10.1530/ec-13-0056
https://doi.org/10.1007/s002680020166
https://doi.org/10.1089/thy.2009.0025
https://doi.org/10.1089/thy.2009.0025
https://doi.org/10.1155/2014/240513
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles


Kong et al. Age and Anaplastic Thyroid Cancer
23. Haymart MR. Understanding the Relationship Between Age and Thyroid Cancer.
Oncologist (2009) 14(3):216–21. doi: 10.1634/theoncologist.2008-0194

24. Chen J, Tward JD, Shrieve DC, Hitchcock YJ. Surgery and Radiotherapy
Improves Survival in Patients With Anaplastic Thyroid Carcinoma: Analysis
of the Surveillance, Epidemiology, and End Results 1983-2002. Am J Clin
Oncol (2008) 31(5):460–4. doi: 10.1097/COC.0b013e31816a61f3

25. Sugino K, Ito K, Mimura T, Nagahama M, Fukunari N, Kubo A, et al. The
Important Role of Operations in the Management of Anaplastic Thyroid
Carcinoma. Surgery (2002) 131(3):245–8. doi: 10.1067/msy.2002.119936

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.
Frontiers in Endocrinology | www.frontiersin.org 7
Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Kong, Xu, Zhang, Cui, Tan and Bai. This is an open-access
article distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
July 2021 | Volume 12 | Article 704596

https://doi.org/10.1634/theoncologist.2008-0194
https://doi.org/10.1097/COC.0b013e31816a61f3
https://doi.org/10.1067/msy.2002.119936
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Age Influences the Prognosis of Anaplastic Thyroid Cancer Patients
	Introduction
	Materials and Methods
	Patients and Database
	Statistical Analysis

	Results
	General Characteristics of Study Population
	The Effect of Age and the High Point
	Validation of Cut-Off Year

	Discussion
	Data Availability Statement
	Author Contributions
	Supplementary Material
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


