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Background: The vast majority of thyroid cancers, in particular the non-anaplastic follicular cell–derived
thyroid carcinomas (non-ANA FCDC), are considered indolent tumors with very low mortality. Hence, it is
crucial to analyze the subgroup of these patients who die of disease (DOD) in order to identify clinicopathologic
features predictive of disease-specific mortality.
Methods: All non-ANA FCDC operated at a tertiary cancer center between 1985 and 2010 who were DOD
were identified and submitted to a meticulous clinicopathologic analysis.
Results: Out of 3750 non-ANA FCDC, 58 (1.5%) DOD cases were identified. The DOD group was composed
of 33 (57%) poorly differentiated carcinomas (PDTC), 14 (24%) tall-cell variant papillary thyroid carcinomas
(TCVPTC), four (7%) Hürthle cell carcinomas, three (5%) papillary microcarcinomas, two (3%) classical
variant PTC, and two (3%) follicular variant PTC. Twenty-seven (47%) patients presented with distant me-
tastases (DM), 28 (48%) developed DM during follow-up, while the remaining three (5%) had locally advanced
non-resectable recurrence. Gross extension beyond the thyroid (GET) was present in 36 (62%) and extensive
vascular invasion (VI) in 21 (36%) of cases. All microcarcinomas had PDTC in their clinically apparent cervical
lymph nodes at presentation. Encapsulated thyroid carcinomas were responsible for 17% of DOD cases, and all
had extensive VI and/or DM at presentation. All patients had at least one of these high-risk features at
diagnosis: DM at presentation, PDTC, GET, and/or extensive VI. The majority of patients died from DM
(n = 51; 88%), three (5%) from locoregional disease, three (5%) from both, and one (2%) from unknown cause.
Conclusions: PDTC and TCVPTC are responsible for the vast majority of deaths in differentiated thyroid
carcinomas, while the few fatal classical, follicular variant PTC and microcarcinomas all harbor a PDTC
component, DM, or GET. Encapsulated differentiated thyroid carcinoma with focal capsular and/or VI without
DM at presentation does not seem to cause death. Lack of DM at presentation, PDTC, GET, and extensive VI
identify thyroid carcinomas that are at almost no risk of DOD. The vast majority of patients die of DM rather
than locoregional invasion, prompting the need for effective systemic treatment.
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Introduction

The incidence of thyroid cancer has been steadily
increasing while mortality from thyroid cancer has

gradually declined over the past few decades worldwide (1).
Although reports from the 1980s and 1990s have documented
a mortality rate of 3.3–11.1% in differentiated thyroid car-
cinomas (2–7), only 1–3% of these have been fatal in recent
years (1,8). Nowadays, the vast majority of thyroid cancers,
in particular the non-anaplastic follicular cell–derived thy-
roid carcinomas (non-ANA FCDC), are considered indolent
tumors with very low mortality. Several well-recognized

organizations, including the American Thyroid Association
(ATA) (9) and the National Comprehensive Cancer Network
(10), have published clinical management guidelines advo-
cating for risk stratification using a variety of clinical and
pathologic parameters. In order to identify subgroups at risk
for poor outcome and assess the predictive power of these
risk stratification schemes, it is crucial to analyze the sub-
group of patients who die of disease (DOD). Toward that
purpose, a meticulous clinicopathologic examination was
performed of all DOD cases treated in a single tertiary cancer
center with the hope that it will help better guide patient
stratification and therapy.
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Material and Methods

Inclusion criteria

The study was approved by the Institutional Review
Board of Memorial Sloan Kettering Cancer Center (MSKCC,
New York, NY). The institutional surgical database was
searched for cases meeting the following inclusion criteria: (i)
patients operated between 1985 and 2010 and subsequently
followed at MSKCC; (ii) a pathologic diagnosis of non-ANA
FCDC, which included poorly differentiated thyroid carcinoma
(PDTC), follicular carcinoma (FC), Hürthle cell carcinoma
(HCC), and papillary carcinoma (PTC); and (iii) a confirmed
fatal clinical outcome attributed to the thyroid carcinoma. All
fatal cases were subjected to a meticulous clinicopathologic
analysis under the supervision of a head and neck pathologist
with special interests in thyroid neoplasia (R.G.).

Pathology review

All hematoxylin and eosin slides sampled in the specimen of
the primary resection (i.e., thyroid and neck lymph nodes) were

subjected to the pathologic review. Tumor size was measured
as the maximum diameter of the resected tumor specimen.
Mitotic rate was determined by counting 10 high-power fields
(HPFs; 400·, field size 0.24 mm2) with an Olympus micro-
scope (U-DO model BX41; Olympus America, Inc., Center
Valley, PA) in the areas of greatest concentration of mitotic
figures. Capsular invasion was defined as complete penetration
of the capsule by tumor, and the number of these foci was
recorded. The presence of vascular invasion (VI) was noted
only when such foci were present within or beyond the capsule
in accordance with criteria outlined by the Armed Forces In-
stitute of Pathology (AFIP) fascicle (11). Briefly, only when the
invasive focus protruded into the lumen of the vessel in a pol-
ypoid manner covered by endothelial cells, or when it was at-
tached to the vessel wall or associated with thrombus formation,
was it considered true VI. Areas of VI that were closely adjacent
to one another were counted as separate foci. The capsular and
VI was subdivided into two categories: focal (<4 invasive foci)
and extensive (‡4 foci). The presence or absence of microscopic
extrathyroidal tumor extension (ETE) into the perithyroid soft-
tissue stroma was documented. ETE was subdivided into (i)

FIG. 1. Criteria to diagnose poorly differentiated thyroid carcinoma (PDTC). The Memorial Sloan Kettering Cancer
Center (MSKCC) criteria require tumor necrosis or a mitotic index of ‡5/10 high power fields (HPFs). The Turin proposal
requires solid/nested/insular growth pattern, and absence of nuclear features of papillary thyroid carcinoma (PTC), and at
least one of the following three features: convoluted nuclei, mitotic index of ‡3/10 HPFs and/or tumoral necrosis. (A)
Thyroid carcinoma displaying the nuclear features of PTC, as well as papillary architecture and tumor necrosis (N). This
tumor will be classified as PDTC by MSKCC criteria and as PTC by the Turin proposal. (B) A thyroid carcinoma without
the nuclear features of PTC demonstrating a solid growth pattern and a high mitotic index of 7/10 HPFs (arrows). This
tumor will be classified as MSKCC-PDTC and Turin-PDTC.
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absent; (ii) focal (presence of one or two microscopic foci of
ETE, each measuring £1 mm); and (iii) extensive (presence of
more than two microscopic foci of ETE, each measuring
£1 mm, or any foci >1 mm in size). Microscopic resection
margins were categorized as positive (tumor at the inked mar-
gin) or negative (no tumor at the inked margin). Finally, when
regional lymph node sampling was performed during the initial
surgery, the number of lymph nodes, metastatic status, size,
presence of extranodal extension (ENE), and histological type
of the metastasis were also recorded.

Poorly differentiated carcinoma was defined using the
MSKCC criteria (12) and the Turin proposal (13) (Fig. 1). In
brief, the MSKCC criteria defined PDTC as a non-ANA
FCDC exhibiting tumor necrosis or an elevated mitotic index
of ‡3/10 HPFs (400·), regardless of the growth pattern and
nuclear features (12). On the other hand, the Turin proposal
classified PDTC based on the presence of a solid/nested/

Table 1. Clinicopathologic Features of 58
Patients Harboring Fatal Non-Anaplastic

Follicular Cell–Derived Thyroid Carcinomas

N (column %)

N 58
Age (years), median (range) 65 (28–89)
Tumor size (cm), median (range) 4.05 (0.4–12.0)
Sex

Female 30 (52%)
Male 28 (48%)

Classification of primary thyroid carcinoma using
the MSKCC criteria for PDTC
PDTC 33 (57%)
Hürthle cell carcinoma 4 (7%)
Tall-cell variant PTC 14 (24%)
Classical variant PTC 2 (3%)
Follicular variant PTC 2 (3%)
PTC microcarcinoma 3 (5%)

Classification of primary thyroid carcinoma using
the Turin proposal criteria for PDTC
PDTC 15 (26%)
Follicular carcinoma 1 (2%)
Hürthle cell carcinoma 6 (10%)
Tall-cell variant PTC 20 (34%)
Columnar variant PTC 4 (7%)
Solid variant PTC 1 (2%)
Classical variant PTC 5 (9%)
Follicular variant PTC 3 (5%)
PTC microcarcinoma 3 (5%)

Carcinoma of the highest histologic grade in the primary
resection (thyroid and neck lymph nodes) using
the MSKCC criteria for PDTCa

PDTC 36 (62%)
Hürthle cell carcinoma 4 (7%)
Tall-cell variant PTC 14 (24%)
Classical variant PTC 1 (2%)
Follicular variant PTC 2 (3%)
Solid variant PTC 1 (2%)

Mitotic index (10 HPFs, 400·)
‡5/10 HPFs 25 (43%)
0–4/10 HPFs 33 (57%)

Tumor necrosis
Extensive 10 (17%)
Focal 11 (19%)
None 37 (64%)

Tumor encapsulation
Partially encapsulated or

non-encapsulated
47 (81%)

Encapsulated 10 (17%)
NA 1 (2%)

Capsular invasion in encapsulated carcinomas (n = 10)
Extensive 6 (60%)
Focal 4 (40%)

Vascular invasion
Extensive 21 (36%)
Focal 10 (17%)
None 25 (43%)
NA 2 (3%)

Margin status
Positive 29 (50%)
Negative 27 (47%)
N/A 2 (3%)

(continued)

Table 1. (Continued)

N (column %)

Gross extension beyond the thyroid
Presentb 36 (62%)
Absent 22 (38%)

Microscopic extrathyroidal extension of the
dominant carcinoma
Extensive 40 (69%)
Focal 6 (11%)
None 10 (18%)
N/A 2 (4%)

Metastasis to neck lymph nodes in patients
who underwent lymph node sampling
at initial surgery (n = 44)
Present 35 (80%)
Absent 9 (20%)

Metastasis to ‡5 neck lymph nodes (n = 44)
Present 19 (43%)
Absent 25 (57%)

ENE in 35 patients with positive lymph nodes
at the initial surgery
Present 23 (66%)
Absent 12 (34%)

Distant metastasis
Present at initial presentation 27 (47%)
Developed during clinical follow-up 28 (48%)
Absentc 3 (5%)

Mode of death
Distant metastasis 51 (88%)
Distant metastasis and

locoregional recurrence
3 (5%)

Unknown 1 (2%)
Locoregional recurrence 3 (5%)

aThe carcinoma of the higher histological grade was documented
when the histology of the carcinoma from the thyroid and from the
neck lymph nodes were not identical.

bOne patient with tall-cell variant PTC had gross ENE. The
remaining patients had gross ETE.

cAll three patients were diagnosed with tall-cell variant PTC and
died due to unresectable locoregional recurrence.

PTC, papillary thyroid carcinoma; PDTC, poorly differentiated
thyroid carcinoma; HPFs, high power fields; ENE, extranodal
extension; NA, not available/not applicable; ETE, extrathyroidal
extension.
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insular growth pattern, the absence of nuclear features of
PTC, and at least one of the following three features: con-
voluted nuclei, mitotic index of ‡3/10 HPFs, and/or tumoral
necrosis (Fig. 1) (13).

Clinical review

Each patient’s charts were reviewed to confirm thyroid
cancer–related mortality and to document the following
clinical parameters: age at diagnosis, sex, type of surgery,
development of locoregional recurrence and/or distant me-
tastasis (DM), site(s) of DM, presenting symptoms at the time
of initial clinical visit, time interval from initial surgery to
death, and mode of demise (i.e., death related to locoregional
recurrence and/or DM). Additionally, gross extension be-
yond the thyroid (GET), defined as any appreciable gross
adhesion and/or frank invasion of the primary thyroid car-
cinoma or metastatic carcinoma from a neck lymph node to
the adjacent structures observed during operation, was
documented. Because only 15/58 (25%) of cases had post-
thyroidectomy serum thyroglobulin (Tg) and thyrotropin
(TSH) available in the appropriate time frame (six weeks to
three months), the postoperative Tg and TSH data were not
analyzed. The lack of appropriate Tg data was related to the
fact that many of these cases were treated prior to 2000 when
routine Tg measurements (in the appropriate time frame)
were introduced.

Statistics

Statistical analyses were performed using IBM SPSS
Statistics for Windows v22.0 (IBM Corporation, Armonk,
NY). A two-tailed Student’s t-test was performed to compare
time to death between patients with DM at presentation and
those without. p-Values of <0.05 were considered to be sta-
tistically significant.

Results

Clinicopathologic characteristics of the study cohort

Fifty-eight (1.5%) fatal cases were retrieved from the in-
stitutional database of 3750 non-ANA FCDC. The clinical
features of this cohort are summarized in Table 1. The median
age at diagnosis was 65 years (range 28–89 years). There was
a roughly equal sex distribution, with a male-to-female ratio
of 1:1.07. The median tumor size was 4.05 cm (M = 4.4 cm;
range 0.4–12.0 cm).

When MSKCC criteria of PDTC were applied, 33/58 (57%)
tumors were classified as PDTC (MSKCC-PDTC). In des-
cending order of frequency, the remaining 25 patients harbored
tall-cell variant PTC (TCVPTC; n = 14; 24%), HCC (n = 4;
7%), PTC microcarcinoma variant (n = 3; 5%), classical variant
PTC (CVPTC; n = 2; 3%), and follicular variant PTC (FVPTC;
n = 2; 3%). Forty-four patients had lymph node sampling from
the central compartment and/or lateral neck at the time of initial
surgery. Metastatic carcinoma to neck lymph node(s) was de-
tected in 35/44 (80%) patients. None of the nine patients that
were pN0 (the number of lymph nodes sampled ranged from 1
to 17) at the initial surgery developed lymph node recurrence
prior to their demise. Among patients with nodal metastasis, 19
patients had metastases involving at least five lymph nodes.
The histologic type of the metastases was the same as the
primary tumors with four exceptions. All three patients with
papillary microcarcinomas harbored sizable lymph node me-
tastasis (ranging from 1.0 to 4.7 cm in greatest diameter) in the
form of metastatic MSKCC-PDTC in the lateral neck com-
partments (Fig. 2). Additionally, one patient with FVPTC in the
thyroid harbored metastatic PTC solid variant in the neck
lymph nodes. The distribution of histology in the primary re-
section (thyroid tumor and lymph node metastasis) was as
follows: MSKCC-PDTC (n = 36; 62%), HCC (n = 4; 7%),
TCVPTC (n = 14; 24%), FVPTC (n = 2; 3%), PTC classical
variant (n = 1; 2%), and PTC solid variant (n = 1; 2%; Table 1).

FIG. 2. A patient from the
current lethal cohort with a
0.4 cm papillary micro-
carcinoma of the thyroid and
concurrent metastatic PDTC
in a 3.2 cm ipsilateral neck
level III lymph node. (A)
The primary thyroid micro-
carcinoma was a partially
encapsulated papillary mi-
crocarcinoma composed ex-
clusively of follicles.
Nuclear features of papillary
carcinoma, such as nuclear
membrane irregularity,
chromatin clearing, and nu-
clear grooves, were readily
identified (B). (C) and (D)
The metastatic MSKCC-
PDTC in the lymph node
exhibited follicular growth
pattern and tumor necrosis
(N) while retaining the nu-
clear features of PTC (D).
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The vast majority of the primary tumors from the study
cohort demonstrated aggressive histological features, in-
cluding: elevated mitotic activity (n = 25; 43%), extensive or
focal tumor necrosis (n = 21; 36%), infiltrative growth pattern
with no or partial tumor capsule (n = 47; 81%), extensive VI
(n = 21, 36%), and extensive microscopic ETE (n = 40; 69%;
Table 1). Additionally, GET causing adhesion/invasion of
adjacent structure was a common finding, affecting 36/58
(62%) patients. Not surprisingly, the rate of positive surgical
margins was relatively high (50%) in the cohort, possibly
related to the difficulty in achieving complete resection for
tumors with GET.

Fatal cases of encapsulated carcinomas
and non-PDTC non-TCVPTC carcinomas

A total of 11 (19%) patients in the cohort were diagnosed with
carcinomas other than PDTC and TCVPTC (Table 2), including
four HCC, three papillary microcarcinomas, two CVPTC, and
two FVPTC. Among them, six patients presented with DM,
including one with HCC, one with papillary microcarcinoma,
two with FVPTC, and two with CVPTC. The remaining five
patients developed DM during clinical follow-up. Extensive VI
was present in three encapsulated HCC and FVPTC. GET was
documented intraoperatively in one CVPTC and in one 0.8 cm
papillary microcarcinoma. Three patients were diagnosed with
papillary microcarcinomas in the thyroid. However, all three
patients had sizable lymph node metastasis (‡1 cm) with a
pathology diagnosis of metastatic PDTC (Fig. 2). Taken
together, all 11 patients with non-PDTC non-TCVPTC in the
thyroid had aggressive clinicopathologic features (e.g., ex-
tensive VI, metastatic PDTC in the lymph nodes, GET, and/
or DM) at presentation.

The cohort contained 10 (17%) fatal cases of encapsulated
thyroid carcinomas, including four HCC, one FVPTC, and
five PDTC. All 10 cases had extensive VI (n = 8) and/or DM
at presentation (n = 6; Table 3). There were two patients who
did not have extensive VI, despite extensive sampling (2.0
and 2.4 tumor blocks per centimeter of tumor).

DM and mode of death

The majority of patients died from DM (n = 51; 88%),
while only three (5%) died from locoregional disease and
three (5%) from both (Table 1). The mode of death was un-
clear in one patient with advanced locoregional recurrence
and extensive lung metastases. Twenty-seven (47%) patients
presented with DM at the initial clinic visits, 28 (48%) de-
veloped DM during follow-up, while the remaining three
(5%) had GET and positive margin at the initial resection.
The median time to death was 4.1 years (range 0.2–13 years)
and was significantly shorter in patients with DM at presen-
tation (median 3.3 years; range 0.2–10.2 years) compared
with those without DM (median 6.2 years; range 1.4–13
years; p = 0.001). The most common sites of DM were the
lung (44/55 patients; 80%), bone (26/55 patients; 47%), and
the brain (9/55 patients; 16%). Other documented sites of
metastases included the liver (n = 3), adrenal gland (n = 2),
pericardium (n = 1), chest wall (n = 1), pleura (n = 1), spleen
(n = 1), and retroperitoneum (n = 1).

Among the 27 patients who were diagnosed with DM at
initial presentation, 13 patients sought clinical attentions as a
result of symptoms related to DM such as hip pain (n = 4),
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ü
rt

h
le

ce
ll

ca
rc

in
o
m

a
w

it
h

tw
o

fo
ci

o
f

ca
p
su

la
r

in
v
as

io
n
,

an
d

tw
o

P
T

C
(o

n
e

o
f

w
h
ic

h
h
ad

m
ic

ro
sc

o
p
ic

ex
tr

at
h
y
ro

id
al

ex
te

n
si

o
n

in
to

th
e

p
er

it
h
y
ro

id
al

ad
ip

o
se

ti
ss

u
e)

.
T

h
e

h
is

to
lo

g
ic

al
cl

as
si

fi
ca

ti
o
n

o
f

th
e

ly
m

p
h

n
o
d
e

m
et

as
ta

se
s

w
as

p
ap

il
la

ry
ca

rc
in

o
m

a,
cl

as
si

ca
l

v
ar

ia
n
t.

L
N

,
ly

m
p
h

n
o
d
e;

M
,

m
al

e;
F

,
fe

m
al

e;
F

V
P

T
C

,
fo

ll
ic

u
la

r
v
ar

ia
n
t

p
ap

il
la

ry
th

y
ro

id
ca

rc
in

o
m

a;
P

M
C

,
p
ap

il
la

ry
m

ic
ro

ca
rc

in
o
m

a;
P

D
T

C
,

p
o
o
rl

y
d
if

fe
re

n
ti

at
ed

ca
rc

in
o
m

a
ac

co
rd

in
g

to
M

S
K

C
C

cr
it

er
ia

;
N

A
,

n
o
t

ap
p
li

ca
b
le

;
F

U
,

fo
ll

o
w

-u
p
;

D
M

,
d
is

ta
n
t

m
et

as
ta

si
s.

1592 XU ET AL.



back pain (n = 3), chest pain (n = 2), dyspnea (n = 2), palpable
chest wall mass (n = 1), and cognitive alteration (n = 1).
Thirteen patients presented with palpable or symptomatic
locoregional disease and were found to have DM during the
initial radiological investigations. The remaining patient was
asymptomatic and had incidental bilateral pulmonary nod-
ules detected during routine workups for long-standing
chronic obstructive pulmonary disease. These lung deposits
were subsequently proven to be metastatic thyroid carcinoma
on biopsies. The histologic diagnoses of the primary thyroid
carcinomas for the 27 patients with DM at presentation were
as follows: PDTC (n = 17; 63%); TCVPTC (n = 4; 15%),
CVPTC (n = 2; 7%), FVPTC (n = 2; 7%), PTC micro-
carcinoma (n = 1; 4%), and HCC (n = 1; 4%).

Correlation between MSKCC criteria
and Turin proposal in diagnosing PDTC

All patients who were diagnosed as PDTC using the Turin
proposal criteria (Turin-PDTC) were also classified as PDTC
using the MSKCC criteria (MSKCC-PDTC). Conversely,
only 45% of PDTC classified using the MSKCC criteria
fulfilled the Turin proposal definition of PDTC (Table 4). If
the Turin proposal was used to define PDTC, the remaining
cases would be classified as variants of PTC (n = 15; 45%), as
these tumors retained some nuclear features of PTC, or less
commonly as FC/HCC (n = 3; 9%), as they lacked a solid/
nested growth pattern. Those 15 PTC cases would be re-
garded as high-grade PTC by many endocrine pathologists.

When using MKSCC criteria to define PDTC, all patients in
the cohort had at least one of the four high-risk features at
diagnosis: DM at presentation, GET, a pathologic diagnosis of
MSKCC-PDTC in the initial resection (thyroid primary tumor
and/or lymph node metastasis), or extensive VI (Fig. 3A). On
the other hand, if one was to apply the Turin proposal for
PDTC, 5/58 patients would be labeled as PTC without ex-
tensive VI, DM at presentation, and GET (Fig. 3B). The
characteristics of these five patients are summarized in Ta-
ble 5. Using the risk stratification system proposed by the ATA
2015 guidelines for differentiated thyroid carcinoma (9), one
patient would be categorized as high risk because of pathologic
N1 disease, with the largest metastatic lymph node measuring
3.2 cm in the greatest dimension (patient #1); three would be
classified as intermediate risk, with TCVPTC (patient #2 and
#3) and columnar variant PTC (patient #4); and one would be
classified as low risk (patient #5). All five patients harbored
tumors without lymphovascular invasion. Although one of
these low-/intermediate-risk carcinomas (patient #5) would be
deemed not to require radioactive (RAI) treatment using the
2015 ATA guidelines (9), all five patients underwent total
thyroidectomy and received RAI treatment at the initial pre-
sentation. Additionally, if one was to use dynamic ongoing
response to therapy reclassification during the first two years of
follow-up (14), two of the four low-/intermediate-risk PTC
would be categorized as having a structural incomplete re-
sponse (patients #2 and #4), while the remainder would be
classed as having an excellent response (patient #3 and #5).

Discussion

Clinical features of fatal non-ANA FCDC

Differentiated thyroid carcinoma is considered an indolent
cancer that rarely causes death. To date, only a handful of
studies have been published focusing exclusively on lethal
non-ANA FCDC, and most of the data came from earlier
studies between 1964 and 1999 (2–6,15,16). The reported
mortality is 4.2–5.4% in differentiated FCDC overall (4–6),
3.3–6.5% in PTC (2,3,5), and 11.1% in FC (2). The present
study reports a considerably lower mortality rate of 1.5% from
a large cohort of 3750 patients of non-ANA FCDC treated in a
single tertiary cancer center. It is compatible with the 1–3%
population-based mortality of thyroid cancer reported

Table 3. Clinicopathologic Features of the 10 Patients with Encapsulated Thyroid Carcinomas

# Age Sex

Histology of
primary
tumor

Tumor
size (cm)

Capsular
invasion

Vascular
invasion

Highest grade
carcinoma

in LN ETE DM

Time to
death

(years)
Mode

of death

1a 44 M HCC 7.2 Extensive Extensive PTC, classical Microscopic During FU 5.8 DM
2 75 F HCC 5.0 Extensive Extensive NA None During FU 8.2 DM
3 44 M HCC 4.0 Focal Extensive NA None During FU 8.4 DM
4 70 M HCC 5.5 Focal None NA None At presentation 0.2 DM
5 66 M FVPTC 5.0 Extensive Extensive NA None At presentation 2.9 DM
6 77 M PDTC 4.4 Focal Focal NA None At presentation 4.9 DM
7 74 F PDTC 5 Extensive Extensive NA GET At presentation 4.8 DM
8 61 M PDTC 8.7 Focal Extensive NA GET At presentation 4.2 DM
9 59 M PDTC 5.3 Extensive Extensive NA Microscopic At presentation 2.5 DM

10 51 F PDTC 4.0 Extensive Extensive NA None During FU 8.9 DM

aPatients #1–5 correspond to patients #1–5 in Table 2.
HCC, Hürthle cell carcinoma; GET, gross extension beyond the thyroid.

Table 4. Correlation Between MSKCC
Classification and Turin Proposal for PDTC

Patients with a diagnosis of PDTC using MSKCC criteria
(n = 33)

PDTC using the Turin proposal 15 (45%)

Well-differentiated carcinoma using Turin proposal
Follicular carcinoma 1 (3%)
Hürthle cell carcinoma 2 (6%)
Tall-cell variant PTC 6 (18%)
Columnar variant PTC 4 (12%)
Classical variant PTC 3 (9%)
Solid variant PTC 1 (3%)
Follicular variant PTC 1 (3%)
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worldwide in recent years (1,8), reflecting the steady decline in
mortality from thyroid cancer over the past few decades.

Compared with PTC and FC, which usually affects pa-
tients in their 40s (1,17), fatal non-ANA FCDC tends to occur
in older patients, with a mean age at presentation of 52–59
years in previous studies (3,4,6,15) and 65 years in the
present cohort. In the current study, lethal non-ANA FCDC
affected females and males equally, similar to the sex ratio
reported by Smith et al. (3), suggesting a higher mortality in
male patients with non-ANA FCDC.

Patients who die of differentiated thyroid carcinoma com-
monly develop DM during their clinical course. The reported
rate of DM ranges from 74% to 82.8% (3,4,6). In the present
cohort, the rate was 95%. The most common sites of DM in a
descending rate of involvement are lung, bone, and brain (3,4),
which is confirmed by the current study. Smith et al. (3) re-
ported that a shorter interval between initial surgery and the
discovery of DM correlated with decreased survival. Similarly,
in the present cohort, the median time from diagnosis to death
was significantly shorter in patients with DM at initial pre-
sentation (3.3 years) compared with those without DM (6.2
years). In two studies from Japan published in the 1990s, the

immediate cause of death was attributed solely to uncontrol-
lable locoregional disease in 29% and 35.4% of patients, re-
spectively (4,6). In contrast, in the present study, locoregional
disease was the immediate cause of death in <10% of non-
ANA FCDC. Such a difference could be explained in part by
the advances in locoregional control in recent years (18).

Pathologic features that may identify potentially fatal
non-ANA FCDC

The histologic composition of the lethal cohort included
57% MSKCC-PDTC, 7% HCC, and 36% PTC (including 24%
TCVPTC). Alternatively, if the Turin proposal was applied to
define PDTC, the cohort consisted of 26% Turin-PDTC, 2%
FC, 10% HCC, and 64% PTC. Piana et al. (2010) studied 43
lethal cases using the Turin proposal for PDTC and reported
similar results. In their study, 67% of fatal cases were PTC,
21% PDTC, 7% widely invasive FC, and 5% HCC (5).

All lethal carcinomas in the present cohort demonstrated at
least one of four aggressive clinical or pathologic features,
including DM at presentation in 47% of patients, GET ap-
preciated during the initial surgery in 62%, a diagnosis of

FIG. 3. Characteristics of the
fatal non-anaplastic follicular cell–
derived carcinomas based on four
clinicopathologic features: PDTC,
distant metastasis at presentation,
gross extension beyond the thy-
roid, and extensive vascular inva-
sion using MSKCC criteria (A) and
the Turin proposal (B).
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primary MSKCC-PDTC in 57%, and presence of extensive
VI in 36%. Hence, these four features may be useful tools at
the time of initial surgery to recognize potentially fatal tu-
mors and assist subsequent clinical decision making. Im-
portantly, the absence of these four features can be used to
identify patients at an extremely low risk of death, so they can
be reassured and not overtreated. Due to the study design, it is
not possible to provide the frequency of these four features in
non-fatal differentiated carcinomas. However, unpublished
data from our group analyzing 1072 patients with differen-
tiated thyroid carcinoma have shown that extensive VI and
MSKCC-PDTC were relatively infrequent, accounting for
5% and 9% of cases, respectively.

Controversy surrounding PDTC

In the early 1980s, PDTC was first described as a group of
tumors intermediate between the indolent differentiated
thyroid carcinomas and the nearly always fatal anaplastic
carcinoma (17). Since then, there has been continuous con-
troversy with regard to the very definition of this entity. The
MSKCC criteria (12) define PDTC based exclusively on el-
evated mitotic index (‡5/10 HPFs) and/or tumor necrosis,
regardless of tumor growth pattern and nuclear features. On
the other hand, the Turin proposal for the diagnosis of PDTC
is more restrictive (13). It requires the presence of insular/
solid/trabecular growth pattern, the absence of nuclear fea-
tures of PTC, and one or more of the following three features:
convoluted nuclei, mitotic index ‡3/10 HPFs, and/or tumor
necrosis. The reported mortality rates in PDTC using the
MSKCC criteria and the Turin proposal have been 38% and
41%, respectively (12,13). Because the MSKCC criteria for
PDTC encompasses tumors with a FC, HCC, and PTC phe-
notype, the rate of PDTC (57% in this cohort using the
MSKCC definition) is higher than when the Turin proposal is
used to classify tumors (26%). Under the Turin approach,
carcinomas with high-grade features (necrosis, high mitotic
rate) and a PTC nuclear phenotype are not labeled as PDTC
but rather as PTC. This is an important subset, since it
comprises 26% (15/58) of the cohort of fatal patients. The
latter terminology may misguide the clinician into thinking
he/she is dealing with an indolent PTC. Indeed, in the current
cohort of fatal cases, four carcinomas would have been cat-
egorized as low to intermediate risk according to ATA
stratification if the Turin proposal was applied, as they lacked
high-risk features (e.g. GET, extensive VI, DM at presenta-
tion, or pN1 disease involving lymph nodes ‡3 cm in size).
Furthermore, one patient may have been treated conserva-
tively without RAI therapy. A dynamic ongoing response to
therapy reclassification would have signaled a more aggres-
sive behavior to the clinician in some (2/4) but not all of these
patients classified as low/intermediate risk by the Turin
proposal. Hence, if a pathologist uses the Turin proposal to
define PDTC, the term ‘‘high grade’’ should be used in des-
ignating these PTC in order to communicate to the clinician
their potential for a fatal outcome. This will prevent false
reassurance and prompt more aggressive management.

The fact that the rare PDTC (5–7% of all thyroid carci-
nomas) are overrepresented in fatal non-anaplastic FCDC
could be explained by their genotype. In addition to the
presence of a significant amount of RAS (mainly found in
Turin PDTC) and BRAF mutations (mainly detected in PDTC
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diagnosed solely by MSKCC criteria), these PDTC display
additional genetic events (18). When compared with PTC,
PDTC are associated with a higher mutation burden and a
higher rate (40%) of telomerase reverse transcriptase (TERT)
promoter mutations (19). The TERT promoter mutation is a
molecular signature associated with aggressive clinical be-
havior, including a propensity for DM and disease-specific
death (19,20).

Fatal papillary microcarcinoma and encapsulated
thyroid carcinoma

The overall mortality of papillary microcarcinoma is ex-
tremely low, reported at 0% for incidental and 0.1% for non-
incidental papillary microcarcinomas (21). However, rare fatal
cases of papillary microcarcinomas have been documented in
the literature (22). The ATA 2015 management guidelines have
acknowledged an alternative conservative approach of active
surveillance management for papillary microcarcinomas with-
out clinical evident metastases, local invasion, and no con-
vincing cytological or molecular evidence of aggressive disease
(9). Hence, it is critical to identify papillary microcarcinomas
that could be potentially fatal at the time of initial presentation
in order to avoid undertreatment. Piana et al. (2013) reported
three such cases of papillary microcarcinomas (22). All three
patients had metastases to cervical lymph nodes at the time of
initial surgery: one patient had a 6 cm lymph node containing
TCVPTC, one had a 3 cm lymph node with metastatic PDTC,
and one patient presented with metastatic TCVPTC with ele-
vated mitotic index (5/10 HPFs) and ENE involving all five
lymph nodes examined. These patients subsequently developed
DM, which eventually led to the patients’ demise. Similarly, in
the present cohort, three (5%) patients were diagnosed with
papillary microcarcinomas. All three had metastatic PDTC in
multiple lymph nodes measuring at least 1.0 cm in greatest di-
mension, and all three developed DM either at the time of
presentation or subsequently. The current data and that of Piana
et al. clearly show that all reported fatal papillary micro-
carcinomas harbor certain aggressive clinico-histological fea-
tures at initial presentation (e.g., PDTC transformation in the
lymph node metastases, multiple/large lymph node metastases,
and/or DM at presentation). These aggressive features would
disqualify these patients from all known active surveillance
protocols.

Ten (17%) patients of the present fatal cohort harbored
encapsulated carcinomas, including five cases of encapsu-
lated PDTC, four encapsulated HCC, and one encapsulated
FVPTC. All 10 cases inevitably exhibited extensive VI or
DM at presentation. These findings are in line with what has
been previously reported by Piana et al. (5) and Xu et al. (23).
Encapsulated differentiated FCDC without extensive VI or
DM at presentation appear to be highly indolent lesions and
do not seem to cause death.

In conclusion, this study demonstrates the power of me-
ticulous clinical, operative, and histopathologic examination
in stratifying differentiated thyroid carcinoma. Based on the
presence of one of four aggressive features (PDTC in the
primary resection, extensive VI, GET, and/or DM at pre-
sentation), one can recognize patients at risk of death from
thyroid carcinomas. The lack of any of these aggressive
clinicopathologic findings identifies those harboring almost
no risk of dying, thus prompting reassurance and avoiding

overtreatment. The vast majority of patients die of DM rather
than locoregional invasion, prompting the need for molecular
analysis of these cases in order to administer and develop
effective systemic treatment.
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