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Background: The clinic-pathological boundary between poorly differentiated
thyroid cancer (PDTC) and anaplastic thyroid cancer (ATC) is unclear due to a
wide spectrum of histopathological features and the rarity of the disease. In
addition to that, with the highest mortality rate and non-standard treatment
modality, the PDTC/ATC population has not been subjected to comprehensive
description and comparison with the extent of histological characteristics,
therapeutic response, prognostic factors, and death attribution analysis.

Method: A total of 4,947 PDTC/ATC patients from 2000 to 2018 were identified
from the Surveillance, Epidemiology, and End Results (SEER) database. Kaplan—
Meier survival curve estimation and Cox proportional hazard regression
were applied.

Results: Overall, the 5- and 10-year DSS for PDTC were 71.9% and 68.0%,
respectively, whereas the 5- and 10-year OS are 59.3% and 51.2%, respectively.
The median survival time for ATC patients was 3 months with 1-year OS being
26.9% and 1l-year DSS being 31.2%. During the follow-up period, 68.1% of the
PDTC/ATC cohort were dead, 51.6% of which were attributed to thyroid
malignancies and 16.5% to non-thyroid causes. The top three common non-
thyroid causes of death were miscellaneous cancers, lower respiratory system
disease, and heart disease. The histological feature of papillary thyroid cancer
(PTC) was the leading pathological category for PDTC patients (51.7%), whereas
76.7% of ATC patients’ pathological feature was characterized as unidentifiable.
Sarcoma histological characteristics found in ATC cases suffer the highest overall
mortality (vs. PTC, HR = 2.61, 95% CI| 1.68-4.06, P < 0.001). Older age
unidentifiable histology feature, more advanced AJCC Ni1b, AJCC M1, and
SEER stage, tumor size larger than 5 cm, and more invasive tumor extension
were independent bad outcome predictors.
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Conclusion: The populational analysis of the PDTC/ATC cohort has provided
reliable support for better understanding of the difference between PDTC and
ATC cases and the guidance of clinical practice and further studies.

KEYWORDS

poorly differentiated thyroid carcinoma, anaplastic thyroid carcinoma, pathological
distribution, prognostic factor, death attribution

Introduction

Conceptually speaking, PDTC and ATC are both considered to
be carcinomas originating from the follicular thyroid epithelium
that retain an insufficient degree of differentiation in the
morphologic characteristics of oncocytes and other histological
features (1-7). However, there was a long-standing dispute
regarding the appropriate pathological definition of PDTC, ever
since Sakamoto et al. and Carcangiu et al. initially described its
pathological characteristics in 1983 (1) and 1984 (2). In 2006, the
Turin proposal (3) summarized pathological diagnostic criteria,
which included (1) the presence of a solid/trabecular/insular pattern
of growth (2); the absence of the conventional nuclear features of
papillary carcinoma; and (3) the presence of at least one of the
following features: convoluted nuclei, mitotic activity in greater
than or equal to 3 out of 10 high-power fields, and tumor necrosis.
Despite these efforts, PDTC still remains a clinically and
pathologically inchoate disorder, and it is still not known whether
it represents a single clinical or molecular entity.

The histopathological spectrum of ATC is also highly variable (4,
5), which creates diagnostic challenges and reflects the disease’s
underlying genetic complexity. Despite this diversity, a number of
subtypes, such as sarcomatoid, giant, and squamoid, have been
recognized (6, 7). Adding more complexity to the pathology of ATC,
morphological alterations such as mixed chronic inflammation are
usually present in ATC (8, 9). The differential diagnosis of ATC
includes a large group of non-follicular cell-derived tumors (4). For
instance, true sarcomas of the thyroid can be notoriously difficult to
distinguish from sarcomatoid types of ATC (10). In some cases,
patients with resected differentiated carcinoma (DTC) or PDTC are
more likely to develop ATC, sometimes in tandem with DTC.
Collectively, the histopathological diversities of ATCs are presumed
to be the results of preexisting DTCs or PDTCs (11-14). Meanwhile,
squamous cell carcinoma of the thyroid, anaplastic forms of medullary
thyroid cancer (MTC), primary thyroid lymphoma (PTL), and a board
spectrum of miscellaneous tumors are entities in need of differential
diagnosis from ATC (15).

Despite the complexity of their histological characteristics, there
is significant disparity in survival outcomes between PDTC and
ATC populations, underscoring the critical importance of accurate
pathological diagnose. With a reported incidence from 2% to 15% of
all thyroid cancers and a 5-year DSS of 66%, PDTC is less aggressive
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and more common (16, 17) than ATC, which accounts for 1%-2%
of all thyroid cancers (18) with 1-year survival approximately 20%
(19, 20) and a 3-6-month median survival time.

In brief, histological confirmation of PDTC and ATC is highly
complex and largely dependent on rarity of the disease, changing
criteria of diagnostics, pathologist’s experience, and subjectivity
(16). As a result, true boundaries between these two entities
remain vague. Furthermore, histopathological subtypes of PDTC
and ATC might exist, each with a different survival outcome. Given
its high mortality rate, the population of PDTC and ATC might be
the optimal subject regarding the study of death attribution in all
thyroid-originated malignancies. A large cohort of PDTC and ATC
patients has not been subjected to comprehensive description and
comparison to date, due to the rarity of these diseases. Thus, we
sought to acquire a cohort of PDTC and ATC patients from the
SEER Program to present demographics, real-world pathological
distributions, death attributions, and prognostic factor estimation,
with the goal of generating a systemic demonstration and
comparison between PDTC and ATC patients.

Materials and methods
Data sources

Our study utilized a cohort of pathologically confirmed PDTC
and ATC patients from the SEER program, a public database that
provides information on patient demographics, tumor morphology,
stage at diagnosis, primary tumor site, first course of treatment, and
follow-up for vital status and causes of death, to reduce the cancer
burden among the U.S. population. SEER included 18 population-
based cancer registries across the U.S. that comprise approximately
27.8% of the nation’s population (21). No institutional review board
approval was required since SEER is an open-access public database
with a deidentified dataset. The current study was reported in
agreement with the statement of “STROBE” guidelines (22). Our
selected database, in accordance with our previous studies (23, 24),
is cited as: “Incidence - SEER Research Plus Data, 18 Registries, Nov
2020 Sub (2000-2018) - Linked To County Attributes - Total U.S.,
1969-2019 Counties, National Cancer Institute, DCCPS,
Surveillance Research Program, released April 2021, based on the
November 2020 submission.”
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Study population

Using the selected database, we identified and defined a
consecutive cohort of 4,947 patients of primary thyroid malignancy
with pathological grading being “poorly differentiated” defined as the
PDTC population and “undifferentiated” defined as the ATC
population between 2000 and 2018, together as a cohort for analysis.
The variable “pathology” referred to in the context of this study is
defined as the pathological diagnose made by the SEER database. The
clinical data were extracted regarding demographics, tumor staging,
and therapeutic approaches: age, gender, race, primary site of tumor,
pathology, SEER stage [defined by the SEER database referred to as the
SEER stage in our article that represents the staging schema based on
information about primary site, histology, or other factors (25)],
primary surgery, neck dissection, radiotherapy, chemotherapy,
systemic therapy, survival months, cause of death, and survival status.

Descriptive statistics

Visualizations of pathological distribution and specific cause-
of-death illustrations were presented with treemapping (26),
doughnut chart, and circular bar plot. The R package involved in

» o«

the figure layout includes “treemapify”, “tidyverse”, and “ggplot2”.

Outcome definition

Cause of death was specifically recorded whether each patient died
asaresult of PDTC/ATC or any other causes (e.g., other cancers, heart
disease, pneumonia), or whether they were alive at the end of the
follow-up period. In our study, the primary outcome was OS and DSS,
which was defined as the time between initial diagnosis and all-cause
deaths (for OS) or malignancy-specific deaths (for DSS).

Cox proportional hazard survival analysis

Univariate Cox proportional hazards regression and Kaplan-
Meier curves were used to determine prognostic factors. Significant
factors screened by the univariate analysis (P < 0.05) were
subsequently included in multivariate Cox proportional hazards
models. Therefore, race was not included either in DSS or in OS Cox
regression. The best Cox regression model was selected by a
backward selection process (entry criterion: P < 0.05, elimination
criterion: P > 0.10). Multivariate Cox proportional hazards
regression analysis was performed to identify variables that
significantly affected the DSS and OS of patients with PDTC/ATC.

Statistical analysis

We presented descriptive statistics in Table 1 for the entire
study cohort and compared the results between PDTC and ATC
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patients. Continuous and categorical variables were assessed with
the Kruskal-Wallis test and Pearson chi-square test, respectively.
Continuous variables were expressed as the mean + standard
deviation (SD)/median. Categorical variables were shown as
number (percentage). All statistical analyses were carried out

TABLE 1 Demographic and clinical characteristics of PDTC and
ATC patients.

P-value

Age, mean * 64.2 + 59.3 + 69.0
: <0.001
SD/median 15.9/67 17.2/61 12.8/71
Sex, N (%) 0.575
2,978 1,464 1,514
Female
(60.2%) (59.8%) (60.6%)
1,969 984 985
Male
(39.8%) (40.2%) (39.4%)
Race, N (%) 0.025
. 3,933 1,916 2,017
White
(79.5%) (78.3%) (80.7%)
Black 432 240 192
(8.7%) (9.8%) (7.7%)
. 582 292 290
“Oth
ers (11.8%) (11.9%)  (11.6%)
Pathology, N (%) <0.001
PTC 1,733 1,270 463
(35.0%) (51.9%) (18.5%)
FTC 333 284 49
(6.7%) (11.6%) (2.0%)
HCC 120 89 (3.6%) 31
(2.4%) o (1.2%)
MTC 119 94 (3.8%) 25
(2.4%) o (1.0%)
Sarcoma 17
23 (0.5% 6 (0.2%
(0.5%) (0.2%) 0.7%)
PTL 1
6 (0.1% 5 (0.2%
0.1%) ©2%) 1 (5.04%)
Germ cell
5 (0.1% 5 (0.2% 0 (0.0%
and trophoblastic 0.19%) (0.2%) 0.0%)
2,608 695 1,913
Unidentified
nidentie (52.7%) (28.4%)  (76.6%)
SEER stage, N (%) <0.001
917 744 173
Localized
ocalize (18.5%) (30.4%) (6.9%)
. 1,185 678 507
Regional
(24.0%) (27.7%) (20.3%)
X 1,834 546 1,288
Distant
(37.1%) (22.3%) (51.5%)
(Continued)
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TABLE 1 Continued TABLE 1 Continued
Overall Overall P-value
4947 4947
Unstaged 1,011 480 531 Yes 1,840 1,077 763
8 (20.4%) (19.6%) (21.2%) (37.2%) (44.0%) (30.5%)
Tumor size, N (%) <0.001 Unspecified 705 331 374
P (143%)  (135%) | (15.0%)
<l em 140 112 28
- (2.8%) (4.6%) (1.1%) Radiotherapy, N (%) <0.001
298 223 75 1,996 916 1,080
>1 d <2 No/unkn
cm and <2cm (6.0%) 9.1%) (3.0%) orummown (403%)  (374%) | (43.2%)
347 250 97 1,207 1,068 139
>2 d <3 RAI
cmand sscm (7.0%) (10.2%) (3.9%) (24.4%) (43.6%) (5.6%)
7 201 1 1,744 464 1,2
>3 ¢cm and <=4cm 3 0 56 EBRT 6 80
(7.2%) (8.2%) (6.2%) (35.3%) (19.0%) (51.2%)
387 199 188 Chy th , N 0.001
>4 ¢cm and <5cm emotherapy, N (%) <
(7.8%) (8.1%) (7.5%)
3,811 2,224 1,587
No/unknown
55 cm 1,331 528 803 (77.0%) (90.8%) (63.5%)
(26.9%) (21.6%) (32.1%)
1,136 224 912
Yes
Unspecified 2087 935 1,152 (23.0%) (9.2%) (36.5%)
P (42.2%) (382%) | (46.1%)
Systemic th s
Tumor extension, Nys(‘;l)mc e <0.001
N stof <0.001 °
N (%)
No 1,950 825 1,125
Confined to 1,059 778 281 (39.4%) (33.7%) (45.0%)
thyroid capsule (21.4%) (31.8%) (11.2%)
1,445 863 582
After surgery
Strap muscle 565 388 177 (29.2%) (35.3%) (23.3%)
P (114%)  (158%) | (7.1%)
Before and 52 (1.1%) 35 (1.4%) 17
Thyroid cartilage 337 107 230 after surgery o o (0.7%)
or Esophagus (6.8%) (4.4%) (9.2%)
Unspecified 1,500 725 775
507 162 345 P (30.3%) (29.6%) (31.0%)
Trachea or bone
(10.2%) (6.6%) (13.8%)
Cause of deaths, N (%) <0.001
45
RLN or vagus nerve 73 (1.5%) 28 (1.1%) (1.8%) Alive 1,577 1,302 275
(31.9%) (53.2%) (11.0%)
. 206 142
Major blood vessel (42%) 64 (2.6%) (5.7%) Thyroid 2,554 695 1,859
T (51.6%) (28.4%)  (74.4%)
Mediastinal or 416 333
83 (3.4%
Prevertebral fascia (8.4%) (34%) (13.3%) Other causes 816 451 365
(16.5%) (18.4%) (14.6%)
. 1,784 838 946
Unspecified (36.1%) G42%)  (37.9%) Survival months, mean 415+ 65.3 + 182+ 0,001
+ SD/median 56.0/12.0 60.5/46.0 39.2/3.0 ’
Surgery, N (%) <0.001 . . . . . . .
*Others, American Indian/Alaska Native, Asian/Pacific Islander; PTC, papillary thyroid
N 1,443 318 1,125 cancer; FTC, follicular thyroid cancer; HCC, Hiirthle cell cancer; MTC, medullary thyroid
0 surgery (29.2%) (13.0%) (45.0%) cancer; PTL, primary thyroid lymph({ma; SEER, the Surveillance, Epidemiology, and End
Results program; SEER stage: see materials and methods; RLN, recurrent laryngeal nerve; RAI,
350 170 180 radioactive iodine; EBRT, external beam radiation therapy; SD, standard deviation.
Lobectomy
(7.1%) (6.9%) (7.2%)
L thvro 2,753 1,801 952 ) ) ) )
Total thyroidectomy (55.6%) (73.6%) (38.1%) employing the R studio version 4.0.4. A two-tailed P < 0.05 was
considered statistically significant.
Other surge 401 159 242
sery (8.1%) (6.5%) (9.7%)
Neck dissection, N (% <0.001
) Results
N 2,402 1,040 1,362
o 0, { . . . .
(48.6%) (42.5%) (54.5%) In this study, a cohort of 4,958 consecutive primary thyroid

(Continued) ~ malignant tumor patients with “poorly differentiated” or
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“undifferentiated” pathological grades was identified using the
selected SEER database from 2000 to 2018. There were 11
patients excluded from the cohort due to a lack of survival time
records. In total, 4,947 PDTC/ATC patients were incorporated in
our analysis. The population with PDTC/ATC exhibited these
characteristics: diagnosed at middle-old age (median age 67 years
old, range from 5 to 85); mostly white (3,933, 79.5%); and slightly
female predominant (the male-to-female sex ratio is approximately
2 to 3). The median follow-up time of the study cohort was 12
months (range from 1 month to 227 months). The total number of
deaths during the follow-up period was 3,370 (68.1%), of which
2,554 (51.6%) were attributed to thyroid malignancy and 816
(16.5%) to non-thyroid causes, rendering a cancer-specific death
dominant attribution. Overall, the 5- and 10-year DSS for PDTC
were 71.9% (CI: 70.1%-73.6%) and 68.0% (CI: 66.1%-70.1%),
respectively, whereas the 5- and 10-year OS were 59.3% (CI:
57.5%-61.2%) and 51.2% (CIL: 49.1%-53.4%), respectively. The
median survival time for ATC patients was 3 months, with 1-year
OS being 26.9% (CI: 25.3%-28.6%) and 1-year DSS being 31.2%
(CI: 29.3%-33.1%). Kaplan-Meier curves estimating OS and DSS
for PDTC and ATC patients are illustrated in Figure 1.

To statistically describe and compare the cohort of PDTC and
ATC patients, demographics, tumor characteristics, therapeutic
approaches, follow-up, and outcome associated variables were all
taken into consideration. Compared with PDTC patients, the ATC
population was a group of people approximately 10 years older
(PDTC vs. ATC: 59.3 + 17.2 vs. 69.0 £ 12.8, P < 0.001), had no
significant difference in sex ratio (P = 0.575), and was borderline
different in ethnicity proportion (ATC had a slightly higher white to
black ratio, P = 0.025). The most dramatic contrast between the two
groups was that the median survival time of the PDTC population
was 46 months, whereas it was merely 3 months in ATC patients. In
terms of tumor characteristics, based on the methodology of the
SEER combined staging system (25), approximately 30% of PDTC
patients (744, 30.4%) were classified as local stage, more than 25%
(678, 27.7%) as regional stage, and approximately 20% (546, 22.3%)
as distant stage. Meanwhile, the SEER stage proportion in the ATC
cohort was as follows: nearly 7% as local stage (173, 6.9%); roughly
20% as regional stage (507, 20.3%); and more than 50% as distant

>
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stage (1288, 51.5%). Confirmed pathological diagnoses were vastly
different in proportion between PDTC and ATC populations. As
shown in Figure 2, PTC was the leading diagnosis for PDTC
patients (51.7%), whereas 76.7% of ATC patients had
unidentifiable pathological features. Tumor size at diagnosis was
also statistically distinguishable between PDTC and ATC patients.
The ATC population’s tumor size was generally larger than 5 cm
(=5 cm, ATC vs. PDTC: 32.1% vs. 21.6%) compared with PDTCs.
Tumor extension of the PDTC patients tended to be less aggressive
than that of the ATC subcohort, as 47.5% of the tumors were either
confined to thyroid capsule (778, 31.8%) or invasive to strap muscle
(388, 15.8%). In contrast, more advanced local regional
involvements (thyroid cartilage or esophagus, trachea or bone,
recurrent laryngeal or vagus nerve, and major blood vessels) were
at least twice as frequent in ATC patients, compared with PDTC
patients. Invasion of the mediastinum or prevertebral fascia was
three times as common in the ATC population as in the PDTC
population (ATC vs. PDTC: 13.3% vs. 3.4%). In terms of
treatments, the vast majority of PDTC patients were given total
thyroidectomy (1801, 73.6%), whereas only 38.1% of the ATC
subcohort had total thyroidectomy. Nearly half (1125, 45.0%) of
ATC cases were inoperable. Traditional chemotherapy (ATC vs.
PDTC: 36.5% vs. 9.2%) and external beam radiation (ATC vs.
PDTC: 51.2% vs. 19.0%) therapy were more commonly used for
ATC patients, in contrast to PDTC patients. Radioactive iodine
therapy had been broadly used in 43.6% of PDTC patients. The
percentage in ATC populations was a mere 5.6%.

Cause of death distribution is illustrated in Figure 3. At the end
of the follow-up period, 52% of PDTC/ATC patients had died of
thyroid malignancy, and 16.5% had died from other causes. To
specifically describe the causes of death in “other causes,” we have
plotted a circular bar plot in Figure 3B showing that there are 57
categories of death causes available in the SEER program.
According to the data, the top 10 most common causes of death
were miscellaneous malignant tumor (138 cases), diseases of heart
(125 cases), lung and bronchus disease (74 cases), chronic
obstructive pulmonary disease (28 cases), pneumonia and
influenza (26 cases), cerebrovascular disease (20 cases), diabetes
mellitus (18 cases), larynx disease (16 cases), breast disease (14

Pathological stage  — PDTC ~ — ATC
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Comparative Kaplan-Meier curves illustrating overall survival and disease-specific survival of PDTC and ATC patients: (A) Kaplan-Meier curve
estimating overall survival; (B) Kaplan-Meier curve estimating disease-specific survival.
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(B) pathological distribution of ATC.
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cases), and tied for the 10th place Alzheimer’s disease (13 cases),
accidents and adverse effects (13 cases), and kidney and renal pelvis
disease (13 cases).

In the multivariate Cox analysis estimating DSS, older age (each
increase in 1 year, HR = 1.02, 95% CI 1.02-1.03, P < 0.001),
unidentifiable histology features (vs. PTC, HR = 1.54, 95% CI
1.38-2.83, P < 0.001), worse pathological grade (ATC vs. PDTC,
HR = 2.54, 95% CI 2.29-2.83, P < 0.001), and higher SEER stage
(e.g., distant vs. localized, HR = 5.40 95% CI 4.29-6.80, P < 0.001).
More invasive tumor extension (e.g., thyroid cartilage or esophagus
vs. confined to thyroid capsule, HR = 1.49, 95% CI 1.22-1.82, P <
0.001) were clinically significant worse survival prognostic factors,
after adjustment and model selection from the univariate Cox
regression. Surgery (e.g., total thyroidectomy vs. no surgery, HR =
0.47, 95% CI 0.42-0.53, P < 0.001), external beam radiation therapy
(EBRT vs. no/unknown, HR = 0.74, 95% CI 0.67-0.81, P < 0.001),
chemotherapy (vs. no/unknown, HR = 0.82, 95% CI 0.74-0.91, P <
0.001), and systemic therapy (e.g., post-surgery therapy vs. no, HR =

FIGURE 3

(B) circular bar plot specifying the causes-of-death in “other causes”.
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Death attribution of the PDTC/ATC population: (A) doughnut chart demonstrating the final outcome of the study cohort at the end of the follow-up;

0.86, 95% CI 0.76-0.98, P < 0.001) were statistically capable of
predicting better DSS outcome statistically. Race, gender, and neck
dissection were not significantly relevant to DSS in the multivariate
regression model. However, in the univariate analysis for DSS,
chemotherapy (vs. no/unknown, HR = 2.00, 95% CI 1.84-2.18, P <
0.001) and EBRT (vs. no/unknown, HR = 1.26, 95% CI 1.16-1.37,
P < 0.001) were estimated to be detrimental predictors, contrary to
that in the multivariate Cox model. Neck dissection (vs. not
performed, HR = 0.57, 95% CI 0.52-0.62, P < 0.001) was found
to be a significant therapeutic predictor in the univariate regression.
Table 2 provides detailed statistics about DSS.

Most independent prognostic factors found in the univariate
and multivariate Cox regression for OS predicted the same trends as
the DSS regression with different hazard ratios (detailed in Table 3).
There were some new findings and exceptions in the OS Cox
regression. For instance, male gender predicted an added 13%
probability of death in multivariate Cox models. Thyroid
cartilage/esophagus invasion (OS, vs. within capsule, HR = 1.28,
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TABLE 2 Univariate and multivariate Cox proportional hazard regression for analyses of PDTC and ATC patients for disease-specific survival.

Multivariate Univariate
95% ClI P value 95% CI P value
Age (year) 1.02 (1.02-1.03) <0.001 1.04 (1.04-1.05) <0.001
‘ Sex
Female 1 Reference 1 Reference
Male 1.06 (0.98-1.15) 0.118
‘ Race
White 1 Reference 1 Reference
Black 091 (0.79-1.05) 0.199
*Others 0.97 (0.86-1.10) 0.683
‘ Pathology
PTC 1 Reference 1 Reference
FTC 1.13 (0.91-1.39) 0.267 1.08 (0.96-1.33) 0.474
HCC 0.86 (0.63-1.18) 0.358 1.08 (0.96-1.55) 0.610
MTC 0.90 (0.67-1.21) 0.486 1.39 (1.06-1.72) 0.024
Sarcoma 1.15 (0.59-2.23) 0.688 2.85 (3.50-8.34) 0.002
PTL 0.00 (0.00-inf)) 0.971 NA (0.00-inf.) 0.971
Germ cell and trophoblastic 1.24 (0.31-5.03) 0.761 1.07 (0.27-4.31) 0.920
Unidentified 1.54 (1.38-1.73) <0.001 4.20 (3.81-4.63) <0.001

‘ Pathological grade

PDTC 1 Reference 1 Reference
ATC 2.54 (2.29-2.83) <0.001 546 (4.99-5.97) <0.001
‘ SEER stage
Localized 1 Reference 1 Reference
Regional 2.53 (2.00-3.21) <0.001 4.04 (3.30-4.94) <0.001
Distant 5.40 (4.29-6.80) <0.001 13.11 (10.83-15.86) <0.001
Unstaged 221 (1.66-2.94) <0.001 5.98 (4.89-7.31) <0.001
Tumor size
<lem 1 Reference 1 Reference
>1 cm and <2 cm 1.22 (0.75-1.99) 0.427 1.29 (0.79-2.10) 0.304
>2 ¢cm and <3 cm 1.31 (0.82-2.08) 0.259 1.97 (1.24-3.13) 0.004
>3 ¢cm and <4 cm 1.44 (0.92-2.27) 0.112 3.14 (2.01-4.92) <0.001
>4 cm and <5 cm 1.60 (1.02-2.50) 0.040 4.03 (2.59-6.26) <0.001
>5 cm 1.98 (1.29-3.05) 0.002 6.62 (4.34-10.12) <0.001
Unspecified 2.11 (1.36-3.28) 0.001 5.59 (3.66-8.52) <0.001

Tumor extension

Confined to thyroid capsule 1 Reference 1 Reference
Strap muscle 1.15 (0.93-1.41) 0.192 1.81 (1.50-2.17) <0.001
Thyroid cartilage or Esophagus 1.49 (1.22-1.82) <0.001 4.78 (3.99-5.74) <0.001

(Continued)
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TABLE 2 Continued

Multivariate

95% CI

Tumor extension

10.3389/fendo.2024.1347362

Univariate

P value 95% ClI P value

Trachea or bone 1.12 (0.92-1.36) 0.262 5.84 (4.97-6.87) <0.001

RLN or vagus nerve 1.40 (1.01-1.93) 0.043 3.87 (2.85-5.27) <0.001

Major blood vessel 1.38 (1.10-1.73) 0.005 5.78 (4.71-7.08) <0.001

Mediastinal or prevertebral fascia 1.02 (0.84-1.24) 0.834 8.44 (7.13-9.99) <0.001

Unspecified 0.99 (0.80-1.21) 0.904 3.50 (3.04-4.03) <0.001
Surgery

No surgery 1 Reference 1 Reference

Lobectomy 0.58 (0.49-0.69) <0.001 0.29 (0.24-0.34) <0.001

Total thyroidectomy 0.47 (0.42-0.53) <0.001 0.16 (0.15-0.17) <0.001

Other surgery 0.65 (0.56-0.76) <0.001 0.39 (0.34-0.45) <0.001
Neck dissection

No 1 Reference 1 Reference

Yes 1.04 (0.93-1.16) 0.525 0.57 (0.52-0.62) <0.001

Unspecified 1.51 (1.27-1.79) <0.001 0.89 (0.80-100) 0.045
Radiotherapy

No/unknown 1 Reference 1 Reference

RAI 0.46 (0.39-0.54) <0.001 0.20 (0.18-0.23) <0.001

EBRT 0.74 (0.67-0.81) <0.001 1.26 (1.16-1.37) <0.001
Chemotherapy

No/unknown 1 Reference 1 Reference

Yes 0.82 (0.74-0.91) <0.001 2.00 (1.84-2.18) <0.001
Systemic therapy

No 1 Reference 1 Reference

After surgery 0.86 (0.75-0.98) 0.019 0.44 (0.40-0.49) <0.001

Before and after surgery 1.15 (0.73-1.80) 0.557 0.44 (0.28-0.68) <0.001

Unspecified 1.01 (0.89-1.14) 0.866 0.71 (0.64-0.77) <0.001

HR, hazard ratio; CI, confidential interval. “Others, American Indian/Alaska Native, Asian/Pacific Islander; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; HCC, Hiirthle cell
cancer; MTC, medullary thyroid cancer; PTL, primary thyroid lymphoma; SEER, the Surveillance, Epidemiology, and End Results program; SEER stage: see Materials and Methods; RLN,
recurrent laryngeal nerve; RAI radioactive iodine; EBRT, external beam radiation therapy; SD, standard deviation.

P =0.005; DSS, vs. within capsule, HR = 1.49, P < 0.001) and major
blood vessel involvement (OS, vs. within capsule, HR = 1.28, P =
0.013; DSS, vs. within capsule, HR = 1.38, P < 0.005) can also
effectively predict decreased OS and DSS in univariate and
multivariate Cox models. Histological features of sarcoma (vs.
PTC, HR = 2.61, 95% CI 1.68-4.06, P < 0.001) was associated
with an increased risk of overall death in the multivariate Cox
analysis. Neck dissection (vs. not performed, P = 0.479) and
systemic therapy (variable not included by backward selection
process) were not statistically significant in predicting OS in the
univariate and multivariate Cox regression models separately.

Frontiers in Endocrinology

Discussion

ATC and PDTC are rare populations, but clinically significant
due to the fact that they account for the majority of thyroid
malignancy deaths (27). Moreover, the clinicopathologic
boundaries separating ATC from PCTC are difficult to define in
clinical practice (28). Therefore, an in-depth comparison and
characterization is needed. The significance of summarizing the
demographic and clinical characteristics of the most lethal
population of thyroid cancer is key to the early diagnosis of such
patients (28). The PDTC/ATC patients selected in our study
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TABLE 3 Univariate and multivariate Cox proportional hazard regression for analyses of PDTC and ATC patients for overall survival.

Multivariate Univariate
95% ClI P value 95% ClI P value

Age (year) 1.03 (1.03-1.03) <0.001 1.05 (1.04-1.05) <0.001
Sex

Female 1 Reference 1 Reference

Male 1.13 (1.05-1.21) 0.001 1.12 (1.04-1.20) 0.001

Race

White 1 Reference 1 Reference

Black 1.00 (0.88-1.13) 0.972

*Others 0.92 (0.83-1.03) 0.173
Pathology

PTC 1 Reference 1 Reference

FTC 1.10 (0.93-1.30) 0.275 1.13 (0.96-1.33) 0.139

HCC 0.95 (0.74-1.21) 0.650 1.22 (0.96-1.55) 0.105

MTC 0.84 (0.66-1.08) 0.175 1.35 (1.06-1.72) 0.015

Sarcoma 2.61 (1.68-4.06) <0.001 5.41 (3.50-8.34) <0.001

PTL 0.25 (0.06-1.01) 0.051 0.53 (0.13-2.14) 0.375

Germ cell and trophoblastic 0.85 (0.21-3.44) 0.824 0.73 (0.18-2.92) 0.654

Unidentified 1.52 (1.38-1.67) <0.001 3.78 (3.48-4.10) <0.001

‘ Pathological grade

PDTC 1 Reference 1 Reference
ATC 2.10 (1.92-2.29) <0.001 4.23 (3.93-4.55) <0.001
‘ SEER stage
Localized 1 Reference 1 Reference
Regional 1.90 (1.59-2.27) <0.001 2.68 (2.32-3.10) <0.001
Distant 3.67 (3.09-4.37) <0.001 7.84 (6.85-8.96) <0.001
Unstaged 1.63 (1.31-2.02) <0.001 3.59 (3.11-4.15) <0.001
Tumor size
<1 cm 1 Reference 1 Reference
>1 cm and <2 cm 1.07 (0.74-1.54) 0.718 1.09 (0.76-1.56) 0.650
>2 ¢cm and <3 cm 1.12 (0.79-1.58) 0.517 1.62 (1.15-2.28) 0.005
>3 ¢cm and <4 cm 1.22 (0.87-1.71) 0.240 235 (1.68-3.27) <0.001
>4 ¢cm and <5 cm 1.31 (0.94-1.82) 0.115 291 (2.10-4.03) <0.001
>5 cm 1.59 (1.15-2.18) 0.004 4.57 (2.91-5.38) <0.001
Unspecified 1.85 (1.33-2.56) <0.001 3.96 (2.91-5.38) <0.001

Tumor extension

Confined to thyroid capsule 1 Reference 1 Reference
Strap muscle 112 (0.94-1.33) 0.197 1.56 (1.35-1.81) <0.001
Thyroid cartilage or Esophagus 1.28 (1.08-1.52) 0.005 3.50 (3.00-4.07) <0.001

(Continued)
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TABLE 3 Continued

Multivariate

95% ClI

Tumor extension

10.3389/fendo.2024.1347362

Univariate

P value 95% ClI P value

Trachea or bone 1.05 (0.89-1.24) 0.544 4.25 (3.72-4.86) <0.001

RLN or vagus nerve 1.30 (0.98-1.74) 0.071 2.86 (2.18-3.75) <0.001

Major blood vessel 1.28 (1.05-1.56) 0.013 4.32 (3.63-5.15) <0.001

Mediastinal or prevertebral fascia 0.99 (0.84-1.18) 0.930 6.46 (5.62-7.45) <0.001

Unspecified 0.88 (0.74-1.05) 0.145 2.67 (2.39-2.98) <0.001
Surgery

No surgery 1 Reference 1 Reference

Lobectomy 0.50 (0.43-0.58) <0.001 0.27 (0.24-0.31) <0.001

Total thyroidectomy 0.43 (0.39-0.47) <0.001 0.16 (0.15-0.17) <0.001

Other surgery 0.61 (0.53-0.69) <0.001 0.37 (0.33-0.42) <0.001
Neck dissection

No 1 Reference 1 Reference

Yes 0.97 (0.88-1.06) 0.479 0.56 (0.52-0.61) 0.356

Unspecified 1.39 (1.20-1.61) <0.001 0.84 (0.76-0.93) <0.001
Radiotherapy

No/unknown 1 Reference 1 Reference

RAI 0.47 (0.42-0.53) <0.001 0.24 (0.22-0.27) <0.001

EBRT 0.71 (0.66-0.77) <0.001 1.17 (1.09-1.26) <0.001
Chemotherapy

No/unknown 1 Reference 1 Reference

Yes 0.77 (0.70-0.84) <0.001 1.80 (1.68-1.96) <0.001
Systemic therapy

No 1 Reference 1 Reference

After surgery 0.45 (0.41-0.49) <0.001

Before and after surgery 0.48 (0.33-0.69) <0.001

Unspecified 0.69 (0.63-0.74) <0.001

HR, hazard ratio; CI, confidential interval. “Others, American Indian/Alaska Native, Asian/Pacific Islander; PTC, papillary thyroid cancer; FTC, follicular thyroid cancer; HCC, Hiirthle cell
cancer; MTC, medullary thyroid cancer; PTL, primary thyroid lymphoma; SEER, the Surveillance, Epidemiology, and End Results program; SEER stage: see Materials and Methods; RLN,
recurrent laryngeal nerve; RAI radioactive iodine; EBRT, external beam radiation therapy; SD, standard deviation.

generally presented at an older age (median age 67, PDTC median
age 61, ATC median age 71) and with a higher male-to-female ratio
(3:2, so as in PDTC and ATC separately), which is similar to
previous reports (16, 27, 29). Older age and male gender were found
to be adverse prognostic factors for OS in our analysis, which is also
in accordance with former studies (16, 29, 30), and their presence in
PDTC/ATC patients may indicate more aggressive biological
behavior. Furthermore, more aggressive than PDTC, ATC
presents with a larger size, more invasive extrathyroidal
extension, more frequent AJCC MI stage, and a dominantly
higher cancer-specific death rate, as described in previous studies
(15, 31).

Frontiers in Endocrinology

Since the SEER program designed these two variables, “Grade
(thru2017)” and “AYA site recode 2020 Revision” (32, 33), we were
able to define a cohort of PDTC (poorly differentiated, grade III)
and ATC (undifferentiated, grade IV) patients and capture
pathological diagnostic features shown in Figure 2. While we
cannot redefine disease entities solely based on basic histological
characteristics due to the lack of pathological imaging data, it is
critical to highlight the significance of high mitotic activity, tumor
necrosis, and specific cytoarchitectural features in distinguishing
disease entities. The criteria set by the Memorial Sloan Kettering
Cancer Center (MSKCC) (34), which were introduced a year prior
to the Turin proposal, include identifying patients who may benefit
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from aggressive treatments due to a higher risk of distant metastasis,
which is predominantly seen in RAS-driven PDTC (35).

The tree map supports the fact that the true histogenesis of
PDTC (3, 36) and ATC (7, 37) is highly complex and hard to
classify. For instance, the concept of high-grade differentiated
thyroid cancer (HG-DTC), characterized by the cytoarchitectural
features of well-differentiated thyroid carcinoma, such as papillary
structures, but with increased mitotic activity and/or tumor necrosis
may fall into the category of the PTC in Figure 2 (38). In fact, most
thyroid sarcoma-like tumors are probably anaplastic carcinomas.
Small cell types reported in the past were probably lymphoma or
variants of medullary or insular carcinoma or unidentifiable, as
shown in our study and previous reports (7, 36). In addition,
squamous cell carcinoma of the thyroid is now considered a
morphologic pattern/subtype of ATC, according to the 5 edition
of the Classification of Endocrine and Neuroendocrine Tumors
released by the World Health Organization (38).

To our knowledge, this is the first report of death attribution
regarding thyroid cancer. The primary causes of death in the
PDTC/ATC population are due to thyroid cancer, as one can
expect, followed by miscellaneous tumors, lower respiratory
system disease (compounding lung and bronchus, chronic
obstructive pulmonary disease, and pneumonia and influenza
together), and heart disease (Figure 3). The interpretation of the
common causes of death can be insightful. For one thing,
ventilatory and sputum excretion disorders may result from
trachea compression caused by a rapidly growing neck mass, thereby
raising pulmonary disease susceptibility. For another, airway
obstruction may lead to severe hypoxia and respiratory distress
syndrome that eventually result in pulmonary and cardiac failure. In
addition, miscellaneous tumors are also a major contributing factor to
death, which cannot be ignored. As the SEER program database did not
specifically define the terminology “miscellaneous tumor” here, we
cited from elsewhere (39) that cancers of unknown primary site,
Kaposi sarcoma, neuroblastoma, neuroendocrine tumors,
paraganglioma, metastatic cancers, thymoma, etc., may outline this
concept for convenience of understanding. In brief, the
“miscellaneous” group of PDTC/ATC patents died of a subsequent
primary cancer (SPC). There is some evidence that higher-risk SPCs
among survivors may be related to genetic factors as well as treatment
exposures, but most of the greater excess risk is likely to be caused by
host factors (such as aging and compromised immunity) (40, 41). With
this in mind, an antiproliferation therapy combining immunotherapy
for PDTC/ATC may be encouraged, which is supported by a German
clinical study (42).

In terms of regimen modality for the PDTC/ATC population,
an unusual divergence in the results of univariate and multivariate
Cox regressions for EBRT and chemotherapy has drawn our
attention. In the univariate Cox model for OS (EBRT: HR = 1.17, P
<0.001, chemo: HR = 1.80, P < 0.001) and DSS (EBRT: HR=1.26, P <
0.001, chemo: HR = 2.00, P < 0.001), both EBRT and chemotherapy
played an adverse role. After the adjustment and step-wise backward
selection process, EBRT and chemotherapy were both estimated to be
independent predictors of better OS (EBRT: HR = 0.71, P < 0.001,
chemo: HR = 0.76, P < 0.001) and DSS (EBRT: HR = 0.74, P < 0.001,
chemo: HR = 0.81, P < 0.001). The interpretation should be made with

Frontiers in Endocrinology

11

10.3389/fendo.2024.1347362

caution. One should always bear in mind that the study cohort is
composed of PDTC and ATC patients, thereby chemo- and
radiotherapy were probably administrated to the ATC populations,
in keeping with the American Thyroid Association (ATA) guideline
(43) and also reflected in our data (see Table 1). As a result, most ATC
patients have been tagged by chemotherapy and/or radiotherapy and
therefore predicted inferior OS and DSS in the univariate Cox
regressions. However, the true curative effect of chemo- and
radiotherapy, although limited (43), had been revealed after
prognostic factor adjustments in the final multivariate Cox models.

Some limitations are undeniable. For instance, the clinical
management and their associated therapeutic responses for PDTC
and ATC populations may differ substantially, yet we are unable to
investigate this based on our cohort. Our research design did not
permit a second review of these specimens, introducing a potential
bias. This bias arises from the diversity in experience and expertise
among the pathologists who was involved in the data source
collected by the SEER program. This could impact the
consistency and reliability of diagnoses, thereby influencing the
study’s outcomes. Acknowledging this limitation is crucial for
interpreting our findings. Aside from that, data registry selection
bias, presence of confounders, and the retrospective design are
inherent limitations to our study.

Except for the above disadvantages, we have characterized the
largest cohort to date for the analysis of the most lethal
subpopulation of thyroid cancer. The death attribution
demonstration, histology-associated survival analysis, and
populational evidence-based prognostic factors have provided a
better understanding of the difference between PDTC and ATC
cases, along with guidance for clinical practice and further studies.
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