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Background: Anaplastic thyroid cancer (ATC) is one of the most lethal forms of cancer with a high mortality
rate. Current guidelines support surgery for resectable ATC followed by external beam radiation therapy
(EBRT) with or without chemotherapy. Treatment for those who are unresectable is palliative. Our goal was to
examine first-line therapies as well as the role of genomic profiling in an effort better understand how to
approach ATC.
Methods: This is a retrospective study of ATC patients who were seen at our institution from January 2013 to
October 2015. Median overall survival (OS) and time to treatment failure (TTF) were calculated by the Kaplan-
Meier method.
Results: Fifty-four patients were included. Median age at diagnosis was 63 years and 29/54 (54%) were women.
The majority had stage IVC disease at diagnosis (50%), followed by IVB (32%), and IVA (18%). Approxi-
mately 93% had somatic gene testing. Initial treatment was surgery in 23 patients, EBRT with or without
radiosensitizing chemotherapy in 29 patients, and systemic chemotherapy in 2 patients. Nineteen patients had
all three treatment modalities. For the entire cohort, median OS was 11.9 months with 39% survival at 1 year
and median TTF was 3.8 months. The majority of patients (74%) developed new distant metastasis or pro-
gression of existing metastatic disease. Patients who received trimodal therapy consisting of surgery, EBRT,
and chemotherapy had a median OS of 22.1 months versus 6.5 months in those who received dual therapy with
EBRT and chemotherapy ( p= 0.0008). The TTF was the same in the two groups (7.0 and 6.5 months, re-
spectively). Men were three times more likely to die from ATC than women ( p = 0.0024). No differences in OS
or TTF were noted based on tumor size (5 cm cutoff), age (60 years cutoff), or presence of any mutation. There
was a trend toward shorter TTF in patients with somatic mutations in TP53.
Conclusion: Patients with ATC amenable to aggressive tri-modal therapy demonstrate improved survival. The
short TTF, due primarily to distant metastatic disease, highlights the potential opportunity for improved out-
comes with earlier initiation of systemic therapy including adjuvant or neoadjuvant therapy.
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Introduction

Anaplastic thyroid cancer (ATC) is a rare cancer. It
comprises less than 2% of all thyroid cancers but more

than 50% of annual thyroid related mortality (1,2). Although
ATC can often arise spontaneously, nearly half of all cases are
thought to be derived from more well-differentiated thyroid
cancer (DTC), since the driver mutations (early mutational
events), BRAF and RAS, commonly found in DTC, are also
present in ATC. ATC is characterized by a greater mutation
burden than DTC due to acquisition of late event mutations in

TP53, TERT, and PIK3CA (3). Clinically, most patients are
elderly, have lower performance status, and present with lo-
cally advanced disease and distant metastases (4,5). All ATCs
are staged by the American Joint Committee on Cancer as
stage IV at presentation because of the high mortality rate.
The median overall survival, from the time of diagnosis, of
ATC patients has been reported to be 3–5 months with a one
year survival rate of 20% (5).

After comprehensive staging, treatment options should be
based on a multidisciplinary consensus (1,6,7). Complete
surgical resection of the primary tumor is considered in those
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with localized disease followed by high dose external beam
radiation (EBRT) with or without concurrent radiosensitizing
chemotherapy for curative intent. Patients with unresectable
disease can be offered nonsurgical palliative treatment con-
sisting of EBRT with or without concurrent chemotherapy.
Despite this comprehensive approach, the disease process
often continues to progress and patients die early, indicating
that our current options are largely ineffective. Cytotoxic
chemotherapy (combination or single agent taxanes and
platinum, or anthracyclines) is the primary treatment strategy
for metastatic disease, but this approach has shown very low
response rates with unacceptable toxicity (1). Since most
ATC patients either present with distant metastasis or go on to
develop distant metastasis following presentation, addressing
the disease via more efficacious systemic therapies is an im-
portant clinical focus. Several clinical trials with targeted
therapy and immunotherapy are ongoing and may hold
promise (NCT01236547, NCT02244463, NCT02726503,
NCT02034110, and NCT02688608). Our goal was to iden-
tify the patterns of failure of our first-line therapies in ATC
and to understand the influence of the tumor’s genomic
profile, in an effort to rethink howwe approach this devastating
disease, especially in the era of molecularly targeted therapy.

Materials and Methods

Patient population, data collection, and definitions

Following approval by the institutional review board, all
new referrals for pathologically proven ATC (either previ-
ously treated or newly diagnosed) who were seen at our in-
stitution between January 1, 2013, and October 1, 2015, were
evaluated. Those with microfoci ATC in the setting of DTC
were also included as they are considered stage IVA at di-
agnosis. The diagnosis of ATC was made based on surgical
pathology or cytology from fine needle aspiration and con-
firmed by an experienced head and neck pathologist.

Stage was determined by the American Joint Committee
on Cancer staging system based on pathology and radio-
graphic extent (8). Under this system, nodal involvement did
not influence stage. Stage IVA disease was defined as limited
to the thyroid gland but may have had minimal extrathyroidal
extension. Stage IVB was defined as having gross extra-
thyroidal extension, including invasion to local structures, such
as carotid, trachea, or esophagus. Stage IVC disease was de-
fined as the presence of distant metastasis at diagnosis. Evi-
dence of transformation was also documented, defined as a new
diagnosis ofATC after a known prior diagnosis of treated DTC.

A head and neck surgeon reviewed each surgical case and
operative report in order to determine the extent of the pro-
cedure. The extent of resection was based on the operative
report and post-operative imaging. Only complete tumor re-
section (R0) or microscopic residual (R1) surgeries were
counted as a surgery; debulking or incomplete surgeries that
left gross residual disease (R2) were not defined as surgery in
our series, because they have not been shown to provide a
therapeutic benefit (9).

Systemic therapy included conventional cytotoxic che-
motherapy (platinum, taxanes, or anthracyclines), targeted
agents, or immunotherapy (checkpoint inhibitors). For the
purpose of this study, in order to distinguish the type and
timing of chemotherapy given, ‘‘radiosensitizing chemo-
therapy’’ refers to cytotoxic agents given to patients during

EBRT [as described in the American Thyroid Association
guidelines for management of patients with anaplastic thy-
roid cancer (1)], while ‘‘systemic chemotherapy’’ refers to
cytotoxic agents administered as single treatment modality.
Targeted therapy included multikinase inhibitors or selective
BRAF and MEK inhibitors.

In addition to baseline tumor and patient characteristics,
we also documented somatic mutations found in the tumor
using a Next Generation Sequencing platform in our CLIA-
certified molecular pathology laboratory. Ion AmpliSeq�
Cancer Hotspot Panel (Life Technologies, Carlsbad, CA) for
detecting point mutations, short insertions and deletion, as
well as high level of amplification in the coding sequence of a
total of 50 genes was utilized.

Study objectives

The primary study outcomes measures were time to
treatment failure (TTF) and location of progressive disease
(locoregional vs. distant metastatic progression). TTF was
defined as the time from the first treatment start until pro-
gression of disease or death (whichever occurred first). Pro-
gression was defined as recurrence, worsening of known
disease, or appearance of new lesions, if no evidence of
disease was noted after the first treatment. This was based on
radiology reports and the treating physician’s documentation.
The secondary objective was assessment of overall survival
(OS), defined as the time from first treatment start until death
or last follow-up.

Statistical methods

Descriptive statistics were used to summarize all key study
variables. The Kaplan-Meier estimation was used to graphi-
cally display OS and TTF distributions and comparisons
between subgroups. Statistical comparisons between sub-
groups were made using a log-rank test. Cox proportional
hazards regression analysis was used to calculate hazard
ratio, confidence intervals [CI] and p-values; p < 0.05 was
considered statistically significant.

Results

Patient and tumor characteristics

A total of 70 new ATC patients were seen at our institution
between January 2013 and October 2015. Sixteen patients
were excluded because they either died or were lost to follow-
up prior to initiation of treatment. This left 54 patients for
analysis.

Table 1 shows the baseline patient characteristics. The
patient population was equal in sex, nearly 70% of the pa-
tients were over 60 years old, and approximately 78% were
non-Hispanic Caucasian. Median tumor size was 5 cm (range
1.3–12 cm, and 2 patients had an incidental small focus of
ATC in the background of DTC). The pathologic cellular
pattern (i.e., spindle, squamous, pleomorphic, or giant cell)
was often mixed. About 30% had documented coexisting
DTC or lymph node involvement based on surgical pathol-
ogy. Ten patients were found to have ATC transformation:
nine of them were previously diagnosed with papillary
thyroid cancer (PTC) and one with follicular thyroid cancer.
Half of the patients had stage IVC disease at diagnosis.
Twenty-six of the 27 (96%) patients who presented with
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distant metastasis at diagnosis had disease in their lung. One
patient with stage IVC disease had a single focus confirmed
as ATC in his humerus. This patient had a previous history of
well-differentiated PTC and had been treated at least 2 years
before with total thyroidectomy and radioactive iodine. There
were 2 patients who presented with multi-site metastasis
(scalp, bone, and pancreas) in addition to lung at diagnosis.

Treatment characteristics

First-line treatments included: surgery, EBRT, and/or
systemic therapy (either radiosensitizing chemotherapy,
systemic chemotherapy, targeted therapy, or immunothera-
py). Eighty-five percent of the patients (46/54) received a
combination of EBRT and radiosensitizing chemotherapy
with or without surgery. In total, 39% (21/54) of patients
during the study period received treatment within the context
of a clinical trial.

Surgery. There were 23 patients who underwent R0 or
R1 surgery. Of the 5 patients who underwent R0 surgery,
there was 1 patient with stage IVA disease, 3 with stage IVB
disease, and 1 with stage IVC disease. Tumor size ranged
from 3.5 cm to 10 cm, and 4 out of 5 patients had lymph node

involvement. One patient had pure ATC, and the remaining
4 patients had coexisting DTC, though the extent of patho-
logic DTC varied from minor to dominant. Only 2 out of
23 patients had confirmed diagnosis of ATC prior to their
surgery. The remaining 21 patients (91% of those who un-
derwent surgery) had biopsy or fine needle aspiration that
suggested a more differentiated thyroid cancer preopera-
tively, primarily PTC or poorly differentiated thyroid cancer
(PDTC) that was deemed operable, but post-operatively
were diagnosed as ATC. These patients were also more
likely to have a coexisting differentiated component and
less advanced/extensive disease, compared to those who did
not. One surgery consisted of complete resection of a hu-
merus bone metastasis that revealed ATC (transformed from
PTC). All other surgeries consisted of thyroidectomy with
or without central and lateral compartment dissection. Of
23 operations, 9 were performed at our institution (including
the 2 known ATC patients prior to surgery), and the re-
maining 14 were performed at outside institutions. All but
one of the patients who underwent surgery also received
adjuvant EBRT.

Radiation therapy. EBRT was administered to 48 pa-
tients. Twenty-seven patients (50%) received EBRT with
radiosensitizing chemotherapy as the first-line treatment to
gross tumor. Adjuvant EBRT with radiosensitizing chemo-
therapy was given to 19 (35%) patients after surgery, and
2 patients received EBRT alone after R0/R1 resection. One
patient had an R0 surgery but weeks later became ill due to
other comorbidities and her performance status was not
suitable for further radiation or systemic therapy.

Eight of 48 patients received EBRT less than 4500 cGy
(low dose). Low dose EBRT was administered for palliative
intent in 5 of these 8 patients. In 2 patients, only low dose
was achievable because they could not complete the in-
tended full dose. One patient received EBRT to the humerus
with a cumulative dose of 3600 cGy. Ten patients received
additional radiation therapy to metastatic regions outside
the neck, including whole brain radiation after the initial
course of radiation.

First-line systemic therapy. Forty-six patients (85%) re-
ceived radiosensitizing therapy with EBRT consisting pri-
marily of platinum or taxane-based agents as their first
exposure to systemic therapy. Three patients received sys-
temic chemotherapy as first-line treatment, again with a
platinum or taxane. Two patients were started on targeted
therapy as their first systemic agent(s) (one received lenva-
tinib and the other was treated with the dabrafenib/trametinib
combination). One patient was given immunotherapy. Ad-
ministration of first-line systemic therapy was given in the
context of a clinical trial in nine patients.

Systemic therapy administered in second line or

beyond. Second-line systemic chemotherapy was given to
18 patients for progressive disease occurring after completion
of EBRT/radiosensitizing chemotherapy. After receiving
prior systemic therapy, 12 patients were treated on clinical
trials involving either targeted therapy or immunotherapy.
The outcomes associated with the interventions given under
the clinical trial protocols are not yet published and will not
be addressed in our study.

Table 1. Baseline Characteristics

Characteristic
No. of patients
(%) N = 54

Sex
Female 29 (53.7)
Male 25 (46.3)

Age (median 63)
<60 years 17 (31.5)
‡60 37 (68.5)

Ethnicity
Caucasian 42 (77.8)
Hispanic 5 (9.3)
Black 3 (5.6)
Asian 4 (7.4)

Tumor size (range 1.3–12 cm)
Median: <5 cm 25 (46.3)

‡5 cm 29 (53.7)
Stage

IVA 10 (18.5)
IVB 17 (31.5)
IVC 27 (50)

ATC transformationa 10 (18.5)
Coexisting DTCb 31 (57.4)
Lymph node involvement 33 (61.1)
Histologic pattern (often mixed)
Spindle 18 (33.3)
Squamous 10 (18.5)
Giant cell 3 (5.6)
Pleomorphic 6 (11.1)
Epithelioid 10 (18.5)
Leukocytosisc 9 (16.7)

aTransformation is defined as prior history of differentiated
thyroid cancer, and only later developed anaplastic thyroid cancer.

bCoexisting DTC is defined as presence of DTC at the time of
ATC diagnosis.

cDefined as greater than 10,000 white blood cells per microliter.
ATC, anaplastic thyroid cancer; DTC, differentiated thyroid

cancer.
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Clinical outcomes

Outcomes for the entire cohort. The median TTF for the
entire cohort was 3.8 months [CI 3–6.5] and median OS was
11.9 months [CI 8.4–24.9], with a median follow up time of
17.8 months. Twenty-one out of 54 patients (39%) were still
alive at the end of the study period. First-line therapy failed in
44/54 (81%) of patients, of which 40/54 (74%) occurred at
distant sites (either new metastasis or progression of existing
disease). Median time to distant failure was 4 months (CI 3–
7.7), with the probability of distant disease of 84% within
12 months in the entire cohort. Twenty-eight of 54 (52%)
patients had locoregional failure after first-line treatment. A
summary of failure sites based on stage and treatment is
shown in Table 2.

Median TTF by stage at diagnosis was 8.5, 6.2, and
3.8 months for stages IVA, IVB, and IVC, respectively
(Fig. 1). Median OS by stage was not reached for the 10 stage
IVA patients. In stage IVB and IVC patients, median OS was
12.3 [CI 11.5–NR] and 7.5 [CI 4.7–11.9] months, respectively
(Fig. 2). The univariate analysis of baseline characteristics is
shown in Table 3. Male sex significantly impacted both TTF
and OS. Multivariate analysis revealed advanced stage, male
sex, and pleomorphic/giant cell pattern negatively influenced
both failure of treatment(s) and survival (Table 4).

Outcomes by treatment modality. Table 2 details the
location of recurring/progressing disease based on stage and
treatment. Due to small numbers, Kaplan-Meier curves could

Table 2. Sites of Failure Based on Stage and Initial Treatments Received

First-line treatment
Overall local

control
Overall
failure Sites of failure

Stage Surgery
a

EBRT Systemic
b n n (%) n (%)

Distant
only (n)

Local
only (n)

Local and
distant (n)

IVA
N= 10

x x x 6 4 (67%) 3 (50%) 1 0 2
x x 2 1 (50%) 1 (50%) 0 0 1

x x 2 0 (0%) 2 (100%) 0 0 2
IVB
N= 17

x x x 7 4 (57%) 4 (57%) 1 0 3
x x 9 5 (56%) 9 (100%) 5 1 3

x x 1 1 (100%) 1 (100%) 1 0 0
IVC
N= 27

x x x 6 3 (50%) 5 (83%) 2 0 3
x x 16 7 (44%) 16 (94%) 6 1 8

x 2 0 (0%) 2 (100%) 0 0 2
x 2 0 (0%) 2 (100%) 0 1 1

xc 1 1 (100%) 0 (0%) 0 0 0

aSurgery refers to R0 or R1 resections.
bSystemic refers to concurrent cytotoxic chemotherapy with EBRT, single cytotoxic chemotherapy, or targeted therapy.
cShort follow-up time in this patient.
EBRT, external beam radiation therapy.

FIG. 1. Time to failure in
anaplastic thyroid carcinoma
by stage. Failure (defined as
development of new disease,
progressive disease, or death)
after first treatment was cal-
culated using the Kaplan-
Meier method. Those with
more advanced disease failed
earlier; however, even those
with stage IVA (or disease
limited to the thyroid) still
experienced evidence of
failure at a median of 8.5
months.
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FIG. 2. Overall survival in
anaplastic thyroid carcinoma
by stage. Median overall
survival for the entire cohort
was about 12 months. When
separated by stage, median
survival was not reached for
the IVA group. Median
overall survival in IVB and
IVC patients was 12.3 and
7.5 months, respectively.

Table 3. Patient and Tumor Characteristics and Impact on Survival and Failure

Characteristic (N)
Median failure

(months)
Median survival

(months)
Survival

p-value (HR)
Failure

p-value (HR)

Sex
Female (29) 6.8 22.1 0.0024 (3.2) 0.03 (2.0)
Male (25) 3.8 7.5

Age, years (median = 63) 0.23 (1.6) 0.23 (1.5)
<60 (17) 7 15.7
‡60 (37) 4.1 10.3

Ethnicity
Caucasian, (42) 4.1 8.5 (4.1) 0.062 (2.5) 0.024 (2.4)
Hispanic, (5) – –
Black, (3) – –
Asian, (4) – –

Tumor size (range 1.3–12 cm) 0.27 (1.5) 0.43 (1.3)
Median <5 cm (25) 6.8 12.3

‡5 cm (29) 3.9 8.4
Stage 0.0014 0.02

IVA (10) 8.5 NR
IVB (17) 6.2 12.3
IVC (27) 3.8 7.5

Transformationa (10) 3.9 11.5 0.96 (1.0) 0.48 (0.7)
No transformation (44) 4.5 12.3
Coexisting DTCb(31) 6.5 13.2 0.078 (0.5) 0.37 (0.8)
No coexisting DTC (23) 3.9
Lymph node involvement (33) 4.1 8.4 1.4 (0.41) 1.4 (0.37)
No lymph node involvement (21) 4.5 15.7
Histologic pattern (often mixed)

Spindle (18) 5.4 11.9 0.95 (1.0) 0.86 (0.9)
Squamous (10) 7.1 11.9 0.98 (1.0) 0.46 (0.8)
Giant cell (3) 3.8 5 – –
Pleomorphic (6) 2.8 5.6 0.044 (3.2) 0.14 (2.2)
Epithelioid (10) 4.0 10.3 0.87 (0.9) 0.95 (1.0)

Leukocytosisc (9) 3.2 4.7 0.081 (2.3) 0.58 (1.3)
Normal WBC (45) 4.7 12.3

aTransformation is defined as prior history of differentiated thyroid cancer, and only later developed anaplastic thyroid cancer.
bCoexisting DTC is defined as presence of DTC at the time of ATC diagnosis.
cLeukocytosis is defined as >10,000 white blood cells per microliter.
HR, hazard ratio; NR, not reached; WBC, white blood cell count.
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only be compared between patients who either had tri-modal
therapy consisting of surgery (R0/R1), EBRT, and radio-
sensitizing chemotherapy (n = 19) and those who had dual
therapy with EBRT and radiosensitizing chemotherapy
(n = 27) without surgery (including those who had R2
resections). The median OS between tri-modal and dual
therapy was 22.1 months and 6.5 months, respectively
( p = 0.0008, hazard ratio 0.2) (Fig. 3). This was statistically
significant on both univariate and multivariate analyses.
However, there was no statistically significant difference
in median TTF between tri-modal and dual therapy (7.0 and
6.5 months, respectively), which was primarily driven by
distant metastasis. Of note, there was no difference in the
mean tumor size between those who received surgery versus
those who did not. There were more advanced-stage cases in
the dual therapy group (16 IVC, 9 IVB, and 2 IVA) versus
those in trimodal therapy group (6 IVC, 7 IVB, and 6 IVA),
which may have contributed for the best outcomes seen in
the latter group.

Specifically in those patients with stage IVA/IVB disease
and who received EBRT (combined with other treatment
modalities), 50% had progression or development of new
metastases at distant sites (distant failure). In fact, 6 of the

10 (60%) stage IVA patients had evidence of distant failure
after initial treatment.

Although the numbers were small, we examined the 17
IVB patients separately to evaluate the utility of surgery in
this group. Those who had surgery plus any other treatment
modality were more likely to be alive and had fewer failures
at the end of the study period (7/8, 87.5% alive) versus those
who received dual therapy that did not include surgery (1/9 or
11.1% alive); due to small numbers, statistical significance
could not be calculated.

Impact of genomic events on clinical outcomes. Genomic
testing was performed in 50/54 (92.5%) of patients. The
most common mutation seen was BRAFV600E (48% among
those tested) followed by mutations in TP53 (34.7%),
PIK3CA (27.7%) and RAS (combined K-, N-, H-RAS at
21.3%). These results along with corresponding patient and
tumor characteristics are shown in Figure 4. As expected,
RAS and BRAF did not coexist in any one tumor. In patients
with ATC transformation from a prior history of PTC, a
mutation in BRAF was found in 89% (8/9) of patients. The
presence or number of mutations did not statistically

Table 4. Multivariate Analysis of Baseline Characteristics Compared to Survival and Failure

Overall survival Failure

Variable HR [CI] p-Value HR [CI] p-Value

Tumor Size: 5 cm 0.9 (0.4–1.9) 0.75 1.0 (0.5–2.0) 0.99
Sex (M vs. F) 2.2 (1.0–5.0) 0.049 2.0 (1–3.9) 0.038
Age: 60 years 1.3 (0.6–2.8) 0.50 1.0 (0.5–2.1) 0.92
Stage: IVB vs IVA 4.0 (0.8–20) 0.088 2.7 (0.9–8.0) 0.081
Stage: IVC vs IVA 5.9 (1.3–27) 0.023 3.8 (1.4–10) 0.0095
Histology: Pleomorphic/Giant Cell vs others 2.7 (1.1–6.8) 0.036 2.9 (1.2–7.0) 0.019

CI, confidence interval; M, male; F, female.

FIG. 3. Overall survival by
treatment modality in select
patients. Nineteen patients
underwent complete surgery
followed by external beam
radiation therapy (EBRT)
and radiosensitizing chemo-
therapy (chemo/EBRT).
Twenty-eight patients only
underwent chemo/EBRT
without prior surgery. Those
who underwent R0/R1 sur-
geries survived longer (22.1
months) versus those who did
not (only 6.5 months). HR,
hazard ratio.

PATTERNS OF FAILURE IN ANAPLASTIC THYROID CARCINOMA 677



A
g

e
 D

X 

S
e

x
 

L
u

n
g

 M
e

ts
 

L
iv

e
r 

M
e

ts
 

B
o

n
e

 M
e

ts
 

B
ra

in
 M

e
ts

 

A
d

/K
id

 M
e

ts
 

V
it

a
l 
S

ta
tu

s
 

C
o

e
x

is
t 

D
T

C
 

T
ra

n
s

fo
rm

a
ti

o
n

 

B
R

A
F 

T
P

5
3 

P
IK

3
C

A 

K
R

A
S 

K
IT

 

N
R

A
S 

C
K

D
N

2
A 

F
G

F
R

3 

H
R

A
S 

A
T

M
 

M
L
L
2 

M
L
L
3 

T
E

T
2 

M
S

H
2 

P
D

E
4
D

IP 

A
K

T
1 

S
M

A
R

C
B

1 

P
T

E
N 

H
N

F
1
A 

M
E

T 

J
A

K
3 

R
B

1 

A
P

C 

A
g

e 

3
0-

3
9 

4
0-

4
9 

5
0-

5
9 

6
0-

6
9 

7
0-

7
9 

8
0-

8
9 

S
e
x 

m
a

le
 

fe
m

a
le

 

L
u

n
g

 M
e
ts 

Y
e
s 

N
o 

L
iv

e
r 

M
e
ts 

Y
e
s 

N
o 

B
o

n
e
 M

e
ts 

Y
e
s 

N
o 

B
ra

in
 M

e
ts 

Y
e
s 

N
o 

A
d

/K
id

 M
e
ts 

Y
e
s 

N
o 

V
it

a
l 

S
ta

tu
s 

A
liv

e 

D
e

c
e

a
s
e

d 

C
o

e
x

is
ti

n
g

 D
T

C
 

Y
e
s 

N
o 

T
ra

n
s
fo

rm
a
ti

o
n 

Y
e
s 

N
o 

D
ri

v
e
r P

ri
m

a
ry
 

S
e

c
o

n
d
a

ry 

A B

F
IG

.
4
.

O
n
co
p
ri
n
t
an
d
b
as
el
in
e
ch
ar
ac
te
ri
st
ic
s
o
f
p
at
ie
n
ts
w
it
h
an
ap
la
st
ic

th
y
ro
id

ca
rc
in
o
m
a.

E
ac
h
co
lu
m
n
re
p
re
se
n
ts

o
n
e
p
at
ie
n
t,
an
d
co
m
p
ar
ed

b
as
el
in
e
p
at
ie
n
t
an
d
tu
m
o
r

ch
ar
ac
te
ri
st
ic
s
to

p
re
se
n
ce

o
f
m
u
ta
ti
o
n
s
an
d
o
u
tc
o
m
es
.
(A

)
C
li
n
ic
o
p
at
h
o
lo
g
ic

fe
at
u
re
s,
in
cl
u
d
in
g
ag
e,
g
en
d
er
,
co
ex
is
ti
n
g
d
if
fe
re
n
ti
at
ed

th
y
ro
id

ca
rc
in
o
m
a,
v
it
al

st
at
u
s,
h
is
to
ry

o
f

tr
an
sf
o
rm

at
io
n
,
an
d
si
te
s
o
f
d
is
ta
n
t
m
et
as
ta
ti
c
d
is
ea
se
.
C
o
lo
r
k
ey

is
sh
o
w
n
to

th
e
ri
g
h
t.
(B

)
O
n
co
p
ri
n
t
o
f
an
ap
la
st
ic

th
y
ro
id

ca
n
ce
r
p
at
ie
n
ts

sh
o
w
in
g
th
e
p
re
se
n
ce

o
f
g
en
et
ic

al
te
ra
ti
o
n
.
M
ar
o
o
n
an
d
b
lu
e
co
lo
rs

re
p
re
se
n
t
p
ri
m
ar
y
(d
ri
v
er
)
an
d
se
co
n
d
ar
y
m
u
ta
ti
o
n
s,
re
sp
ec
ti
v
el
y
.
D
T
C
,
d
if
fe
re
n
ti
at
ed

th
y
ro
id

ca
n
ce
r;
D
X
,
d
ia
g
n
o
si
s.

678



influence outcomes, however there was a trend toward
shorter TTF in patients with a TP53 mutation (Fig. 5).

Discussion

Previous retrospective studies of ATC have focused
mainly on prognostic factors and survival with different
treatment modalities and in large part did not include genetic
analysis of tumors. Our study is unique in that we docu-
mented the time to and location of progressive disease after
initial treatment in addition to tumor genetic analysis. In our
patient population, median OS was nearly one year for all
stages. Median TTF was 3.8 months, with the majority of the
patients experiencing new or progressing distant disease,
regardless of initial disease stage. These data suggest that
ATC is largely a systemic disease and should be approached
as such.

Similar to other reports (1,10–14), we show that patients
who had complete surgery (R0/R1) combined with EBRT
and radiosensitizing chemotherapy (trimodal therapy) sur-
vived longer (median OS 22 months) than those treated with
EBRT and radiosensitizing chemotherapy (dual therapy,
median OS 6.5 months). Complete surgical resection, as the
distinguishing intervention, when combined with adjuvant
therapy, significantly improved survival, particularly in the
stage IVA and selected IVB patients. However, there are
several areas of bias inherent in our study. The tri-modal
group had less advanced disease compared to the dual ther-
apy group (6 IVA and 6 IVC vs. 2 IVA and 16 IVC, re-
spectively). Additionally, patients of older age and multiple
comorbidities at diagnosis were presumably not considered
good surgical candidates, although we were not able to ex-
tract this information. On the other hand, the overwhelming
majority of patients (91%) who had R0/R1 surgeries were not
known to have ATC prior to their operation (‘‘incidental
ATC’’ phenomenon), suggesting that surgeons were more
willing to undertake a complicated surgery because the di-
agnosis was of a more differentiated thyroid cancer. The

tumor characteristics were also very similar in terms of size,
as were the number of stage IVB patients in both groups. This
suggests that the ability of the surgeon to perform a complete
surgery (R0/R1) is the most important determinant of sur-
vival in suitable candidates. Others have shown this in a
prospective manner with outcomes consistent with ours. In a
prospective pilot study, Kumar et al. showed a median OS of
22 months (identical to our findings) in patients undergoing
R0/R1/R2 surgery, EBRT with radiosensitizing chemother-
apy, followed by adjuvant chemotherapy (15). Their group
of patients were highly selected and consisted of mostly
stage IVB (20/29, 69%) patients suitable for aggressive
multimodal therapy (16). Consistent with our finding, most
patients died of distant metastases.

Although surgery plus EBRT/radiosensitizing chemo-
therapy improved OS in our series, in terms of TTF, the
difference was negligible (7 months after surgery versus
6.5 months without surgery). The pattern of treatment failure
was primarily at distant sites, suggesting that a systemic ap-
proach to ATC is critical. Unfortunately, most patients do not
tolerate systemic cytotoxic chemotherapy after completion
of EBRT. Hence considering a systemic approach early to
reduce the risk of failure may be necessary. Uruno et al. in-
vestigated initiating 4 to 8 doses of weekly paclitaxel upfront
in ATC patients with an appropriate performance status,
no matter the stage, followed by reclassifying whether the
patients were considered surgical candidates (17). Surgery
was performed in the appropriate subgroup or considered for
further courses of chemotherapy. EBRT was the last inter-
vention performed. Although the number of patients who
completed all aspects of treatment (paclitaxel, followed by
surgery, another 4 to 8 doses of paclitaxel, and finally local
EBRT) was small (16 out of the initial 45 patients), the me-
dian OS of this group was 16 months. It is important to note
that 12 of these 16 patients were stage IVB, and who may not
have otherwise been surgical candidates at initial diagnosis.
Also the number of new distant metastasis during the treat-
ment courses was zero in this subgroup (17). While systemic

FIG. 5. Time to failure
based on presence or absence
of TP53 mutation. Though
not statistically significant,
the presence of a TP53
mutation (indicated as
‘‘yes’’) trended toward
likelihood of failure.
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chemotherapy has potential morbidity and mortality, the
concept of neoadjuvant therapy as novel approach to ATC
could potentially limit or delay development of distant me-
tastases and allows some patients to become potential can-
didates for surgical resection.

In terms of tumor genetics, our study revealed a prevalence
of BRAFV600Emutation in 48% of those who were tested. The
prevalence of BRAFV600E mutation was similar to those of a
recent genomic profiling of 33 ATC patients published by
Landa et al. (18). Not surprisingly, in our cohort, 89% of
patients who had a previous diagnosis of PTC (i.e., ATC
transformation) had BRAF-mutated ATC. Thus, a prior di-
agnosis of PTC should raise the suspicion of a BRAFV600E

mutation. This is particularly relevant given that there are
clinical trials with BRAF inhibitors for BRAF-mutated ATC
with promising results (19), and there are ongoing studies
with this class of drug (NCT02034110, NCT01596140).

The prevalence of TP53 in the study by Landa et al. ex-
ceeded 70%, compared with nearly 35% in our cohort;
however, their group used whole-exome sequencing, which
would have identified more mutations. While not statistically
significant, we did note a trend toward a shorter median TTF
of 3.8 months in those with a TP53 mutation versus TP53

wild type (6.5 months). Additionally, Landa et al. also com-
mented on the prevalence of a mutation in the TERT promoter
region in 73% of their ATC patients (18). Mutations in the
TERT promoter region have been known to be associated with
worse prognostic outcomes and generally a more aggressive
disease in thyroid cancer (20,21). Landa et al. further dem-
onstrated a greater mutation burden compared to poorly dif-
ferentiated thyroid cancer, with a median number of mutations
of 6 versus 2, respectively (18). Though we might have ex-
pected the number of mutations to correspond with worse
outcomes, there was no relation seen. This could have been
due to the fact that our genomic analysis did not capture all
mutations, including TERT promoter mutations, or simply that
the highmutation burden and prevalence inATC is amarker of
more aggressive pathology compared to DTC or PDTC.

Advanced age and disease stage, larger tumor size, and
elevated white blood cell count have been shown to be neg-
ative prognostic factors for ATC outcomes (5,22,23). Using
age of 60 years (though our median was age 63), and tumor
size of 5 cm as our cutoff points for comparison of outcomes
as used in other studies, these factors were not found to be
significantly associated with worse outcomes in our cohort.
However, the stage at diagnosis, and interestingly male sex,
were significantly associated with both shorter TTF and OS.
Male sex has been shown to be associated with worse prog-
nosis, not only in differentiated thyroid cancer (10, 24), but
also in ATC (5). Although women have a higher incidence of
thyroid cancer, men have shorter disease-free survival and
higher mortality (25,26). Recent studies have shown differ-
ences in the expression of estrogen receptor subtypes in
thyroid cells and their response to estrogen in ATC versus
more differentiated thyroid cancer (27,28). This could path-
ologically explain the sex disparity in outcomes. However,
what determines the tumor-specific sex hormone receptor
expression is unclear. Other possible reasons is that in gen-
eral, the age-specific incidence of thyroid cancer is generally
at a younger age in women than in men, which was also true
in our cohort, where most of the patients diagnosed under the
age of 60 were female, and the majority are still alive.

Our study is the first to document a significant impact on
both failure and survival based on the specific morphologic
pattern seen on ATC. The combined pleomorphic/giant cell
pattern was statistically associated with likelihood of failure
and mortality. Though our numbers are small, one hypothesis
could be a higher mitotic index typically associated with
giant cell patterns (29), however in our series we did not
specifically capture this value. Prior studies have shown no
predictive value with outcome based on histologic categories
(i.e., spindle, squamous, and giant cell) (30).

With any retrospective review, there are known limita-
tions. One important limitation of this study is that some
patients had treatment elsewhere prior to presentation at our
institution, and therefore it is possible that their treatment
could have been different than what would have been done
had they presented to our institution as a new patient without
previous treatment. Another limitation of this study is the
likely heterogeneity related to the imaging schedule. Though
we did not use RECIST criteria, in a disease as aggressive as
ATC, most patients had clear evidence of progression.

Conclusion

ATC is a devastating and rapidly morbid disease and we
are now at a critical point where implementing new thera-
peutic strategy is necessary. Surgical intervention, in the
appropriate setting, may extend survival and should be
strongly considered in patients who can achieve locoregional
control. Though the initial standard treatment involves early
EBRT with or without radiosensitizing chemotherapy, our
study suggests that rethinking this strategy may be warranted.
Clinical trial designs with initial, highly effective systemic
(likely targeted) therapy to control local disease and at the
same time to either prevent or control distant metastasis
should be considered in the future. With the increasing
number of clinical trials available for this rare condition,
especially in the era of targeted therapy, this is an exciting
time to further investigate newer systemic treatment strate-
gies in the adjuvant and neoadjuvant setting in an effort to
optimize the patient’s chance of surgical resection with the
ultimate goal to improve quality of life and overall survival.
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