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Abstract
Purpose Anaplastic thyroid carcinoma (ATC) is the most lethal form of thyroid cancer with most patients dying of their
disease within a few months. Only a very small percentage of long-term survivors (LTS) are alive for 2 years or longer. In
this retrospective case-control study, we provided a comprehensive comparison between 46 ATC LTSs and 75 ATC control
patients who suffered disease-specific mortality within 2 years, aiming to identify factors that may be associated with
prolonged survival in ATC.
Methods A comprehensive clinicopathologic and molecular comparison was performed between 46 ATC LTSs and 75 ATC
control patients. Peripheral neutrophil count and neutrophil-to-lymphocyte ratio (NLR) were recorded. The composition of
the tumor microenvironment was compared using immunohistochemistry.
Results Compared with ATC control patients, ATC LTSs were characterized by 1) higher frequency of (primary) resection
as well as clinicopathologic parameters attributed to resectability; 2) lower rate of concurrent RAS/BRAF and TERT promoter
mutations; 3) lower peripheral neutrophil count and NLR; and 4) lower number of tumor-infiltrating neutrophils/myeloid-
derived suppressor cells (MDSC). The survival benefits of low peripheral neutrophil counts and low NLR persisted even
when controlling for distant metastasis status at presentation.
Conclusions In addition to traditional beneficial prognostic factors, e.g., surgical resection, factors attributed to resectability,
and absence of co-existing RAS/BRAF and TERT promoter mutations, we herein show that tumor-infiltrating and circulating
neutrophils/MDSC are adverse prognostic factors in ATC.

Keywords Anaplastic thyroid carcinoma ● Myeloid-derived suppressor cells (MDSC) ● Tumor-infiltrating neutrophils ●

Neutrophil-to-lymphocyte ratio (NLR) ● Prognosis

Introduction

Anaplastic thyroid carcinoma (ATC) is a rare but lethal
form of thyroid cancers with a median survival of
3–4 months based on the Surveillance, Epidemiology, and
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End Results data [1, 2], and 9 months in retrospective stu-
dies from large tertiary centers [3–5]. Only a very small
subset of patients follows a less aggressive clinical course
and survives for longer than 2 years after diagnosis. Such
patients may be regarded as long-term survivors (LTS) in an
otherwise rapidly fatal cancer type.

Distant metastasis is an independent adverse prognostic
factor and the primary cause of mortality in ATC [4, 6–8].
Emerging evidence suggests that elevated tumor-infiltrating
and circulating neutrophils and myeloid-derived suppressor
cells (MDSC, a heterogeneous population of immature mye-
loid cells with an innate immune-suppressive activity) are an
essential component of the pre-metastatic niche, a precondi-
tioned microenvironment that receives the cancer cells at
distant sites [9–13]. High tumor-associated neutrophils/
MDSC, high peripheral neutrophil count, and high neutrophil-
to-lymphocyte ratio (NLR) in the peripheral blood have been
associated with adverse outcome, in particular increased risk
for distant metastasis, in multiple human cancers [9–
12, 14, 15]. Some recent studies have reported that peripheral
neutrophilia is a common phenomenon in ATC [16] and a
high NLR has been associated with decreased overall survival
[17, 18] and progression-free survival [18]. To date, there is
no study which has reported the potential prognostic roles of
tumor-infiltrating neutrophils/MDSC in ATC.

In this retrospective case control study, we gathered a
unique study cohort of 46 ATC LTSs who survived for at
least 2 years after the diagnosis of ATC from three tertiary
centers. An ATC control group of 75 patients who suffered
disease-specific death within 2 years of diagnosis was also
included. Their comprehensive clinicopathologic features,
molecular alterations, and characteristics of tumor immune
microenvironment (in particular peripheral and tumor-
infiltrating neutrophils/MDSC) were compared, aiming to
identify any factor that may be associated with a more
favorable outcome in this deadly disease.

Material and methods

Patient population

The study was approved by the institutional review board of
all participating sites. The study group was composed of 46
patients from three tertiary centers (Memorial Sloan Ket-
tering Cancer Center, New York, NY, US n= 43, Mount
Sinai Hospital, Toronto, Ontario, Canada: n= 2, Cedar
Sinai Medical Center, Los Angeles, CA, US: n= 1) with a
diagnosis of ATC who were alive 2 years after the initial
ATC diagnosis. Among them, 9 patients were alive 10 years
or more after the diagnosis.

The control group was selected from the MSKCC data-
base to include all patients with ATC who suffered disease-

specific death within 2 years, and whose tumors underwent
next-generation sequencing using MSK-IMPACT platform
(n= 75).

Clinicopathologic features

The histology slides and patients’ chart were reviewed by
an endocrine pathologist (BX) to gather the following
clinicopathologic features: age, sex, type of pathologic
specimen collected, presence of different cytologic features
of ATC, mitotic index, atypical mitosis, necrosis, neu-
trophilic inflammatory infiltrate within the tumor, the pre-
sence and type of pre-existing/co-existing differentiated
thyroid carcinoma, therapy received, and clinical outcomes
(including distant metastasis).

A subset of primary thyroid ATC underwent surgical
resection, including 37 from the LTS group and 32 from the
control group. For these tumors, additional parameters, such
as size of primary tumor, size and percentage of ATC within
the primary tumor, encapsulation, capsular invasion, vas-
cular invasion, extrathyroidal extension (pathologic or
gross), margin status, gross residual disease, and nodal
metastasis, were documented.

Complete blood count at the time of ATC diagnosis was
reviewed to collect the absolute neutrophil and lymphocyte
count. A NLR was calculated for each patient.

Immunohistochemistry for immune
microenvironment

Immunohistochemistry was performed in a subset of patients,
including 14 ATC LTSs and 12 ATC control patients. The
following primary antibodies were used: PD-L1 (clone E1L3N,
dilution 1:400, Cell Signaling Technologies, Danvers, MA,
USA), PRAME (EPR203301, 1:1000, Abcam, Cambridge,
UK), MHC-I (clone A4, ready to use RTU, Ebioscience,
Hatfield, UK), PD-1 (clone NAT 105, RTU, Cell Marque,
Rocklin, CA, US), CD4 (clone SP35, 1:25, Cell Marque,
Rocklin, CA, US), CD8 (clone 4B11, RTU, Leica, Wetzlar,
Germany), CD15 (clone MMA, RTU, Ventana), CD68 (clone
KP1, RTU, Ventana, Oro Valley, AZ, US), CD163 (clone
MRQ26, RTU, Cell Marque, Rocklin, CA, USA), and FOXP3
(clone 236A/E7, 1:500, Abcam, Cambridge, UK).

For PD-L1, a combined positive score (CPS) was calcu-
lated as the sum of positive tumor cells and positive immune
cells divided by the total tumor cells multiplied by 100. A
CPS of ≥1 was considered to be positive for PD-L1. For
preferentially expressed antigen in melanoma (PRAME), any
nuclear positivity in the tumor cells was interpreted as posi-
tive. The percentage of tumor cells showing membranous
immunopositivity of MHC-I was recorded and divided into
three categories: positive (≥75%), heterogeneous (25–74% of
TCs), and negative (<25% of TCs).
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Finally, to measure the extent of inflammatory/immune
cells, the number of positive cells labeled with CD68,
CD163, CD15, CD4, CD8, FOXP3, and PD1 was counted
at the hotspot within a high-power field (400X, field dia-
meter: 0.55 mm). The hotspot was defined as the high-
power field with the highest number of positive cells within
viable ATC. Areas of tumor necrosis and differentiated
thyroid carcinoma were excluded from the analysis.

MSK-IMPACT targeted next-generation sequencing

Twenty ATC LTSs with material available and 75 control
cases underwent targeted next-generation sequencing using
MSK-IMPACT platform. MSK-IMPACT is a Food and
Drug Administration-approved deep-coverage targeted
next-generation sequencing platform detecting single
nucleotide variants (SNVs), small insertions/deletion
(indels), copy number variants, and fusion/structural var-
iants in 368 to 468 oncogenes, using custom DNA probes
designed for targeted sequencing of all exons and selected
introns, including canonical and selected non-canonical
transcripts [19].

Statistics

All statistical analyses were performed using the SPSS
software 24.0 (IBM Corporation, Armonk, NY, U.S.).
Comparisons of clinicopathologic features, immune micro-
environment and molecular alterations between ATC LTS
and ATC control group were performed using Chi-square
test or Fisher’s exact test for categorical variables and two-
tailed Student’s t test for continuous variables. Median
overall survival and distant metastasis-free survival and
their 95% confidence interval (CI) were calculated using log
rank test. Correlation between primary tumor size and
peripheral neutrophil counts/NLR in the resected thyroid
ATC was performed using Pearson correlation test. P values
less than 0.05 were considered statistically significant.

Results

Clinicopathologic features

The clinicopathologic characteristics of ATC LTS and ATC
control group are summarized in Table 1. The median
overall survival (OS) of the ATC LTS was 120 months
(95% CI: 86–153 months), and the median OS of ATC
control group was 6 months (95% CI: 5–7 months). The
median distant metastasis-free survival was 41 months for
ATC LTSs (95% CI: 22–59 months) and 1 months for ATC
control group (95% CI: 0–2 months).

Table 1 Comparison of clinicopathologic features, outcomes, and
immune microenvironment between ATC long term survivor (ATC
LTS) and ATC control group

ATC LTS
(n= 46)

ATC control
(n= 75)

P
values

Outcome

Median OS (95% confidence
interval), months

120 (86–153) 6 (5–7) <0.001

Median DMFS (95% confidence
interval), months

41 (22–59) 1 (0–2) <0.001

Clinicopathologic features

Female: male ratio 26:20 (1.3:1) 40:35 (1.1:1) 0.439

Age 62 (29–85) 67 (33–88) 0.045

Specimen type

Cytology/biopsy/incision/
excision

5/46 (11%) 34/75 (45%) 0.043

Resection 41/46 (89%) 41/75 (55%)

Predominant cytologic
features of ATC

Epithelioid 14/46 (30%) 22/75 (29%) 0.804

Spindle 13/46 (28%) 18/75 (24%)

Squamous 6/46 (13%) 15/75 (20%)

Pleomorphic 7/46 (15%) 11/75 (15%)

Rhabdoid 3/46 (7%) 7/75 (9%)

Osteoclast giant cell-rich 3/46 (7%) 2/75 (3%)

Mitotic index, per 10 high power
fields, median (range)

8 (1–42) 9 (0–45) 0.934

Necrosis 29/46 (63%) 60/75 (81%) 0.034

Atypical mitosis 38/46 (84%) 65/75 (88%) 0.593

Prior/co-existing DTC 28/46 (61%) 36/75 (48%)

FTC 0 2

HCC 3 2

PDTC 4 8 0.077

PDTC, HCC 3 0

PDTC, PTC 5 6

PTC 13 18

Distant metastasis at presentation 1/43 (2%) 42/75 (56%) <0.001

Chemotherapy 29/41 (71%) 49/74 (66%) 0.151

Radiation therapy 36/40 (90%) 64/74 (86%) 0.138

Kinase inhibitors 7/40 (18%) 26/74 (35%) 0.054

Immunotherapy 1/40 (3%) 14/74 (19%) 0.018

Resection for thyroid ATC n= 37 (80%) n= 32 (43%) <0.001

Size of the primary tumor (cm),
median (range)a

4.3 (2.2–11.2) 6.0 (3.0–11.2) 0.003

Percentage of ATC in the primary
tumor, median (range)

60% (2–100%) 100%
(10–100%)

0.007

Maximal dimension of ATC (cm),
median (range)

2.2 (0.4–8.5) 5.4 (0.9–9.5) <0.001

Encapsulation Encapsulated 8/37 (22%) 0/32 (0%) 0.006

Infiltrative 29/37 (78%) 32/32 (100%)

Vascular invasion 28/36 (78%) 28/31 (90%) 0.202

Pathologic evidence of
extrathyroidal extension

23/31 (74%) 32/32 (100%) 0.002

Positive margin 19/36 (53%) 29/31 (94%) <0.001

Nodal metastasis 11/36 (31%) 19/30 (63%) 0.013

Gross residual disease 2/16 (13%) 14/27 (52%) 0.021

Gross extrathyroidal extension 11/16 (69%) 24/25 (96%) 0.026

Peripheral blood at the time of
ATC diagnosis

n= 38 n= 75

Absolute neutrophil count (K/
mcL), mean ± SEM

4.2 ± 0.5 8.3 ± 0.8 <0.001
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Compared with ATC control group, ATC LTSs were
characterized by significantly higher frequency of resection
(89% vs. 55%, p= 0.043), higher rate of resection for pri-
mary thyroid ATC (80% vs. 43%, p < 0.001), absence of
distant metastasis at presentation (98% vs. 44%, p < 0.001),
and lower frequency of tumor necrosis (63% vs. 81%, p=
0.034). Other clinical and pathologic features, including
age, sex, cytologic features of ATC, mitotic index, atypical
mitosis, presence of neutrophilic infiltrate within the tumor,
and pre-existing/co-existing differentiated thyroid carci-
noma did not differ between the two groups.

Sixty-nine patients underwent primary resection for
thyroid ATC, including 37 (80%) ATC LTSs and 32 (43%)
ATC control patients (p < 0.001). Among them, ATC LTS
had significant smaller size of primary tumors (median:

4.3 cm vs. 6.0 cm) and ATC component (median 2.2 cm vs.
5.4 cm), lower percentage (median: 60% vs. 100%) of ATC
component, as well as lower rate of pathologic evidence of
extrathyroidal extension (74% vs. 100%), positive margin
(53% vs. 94%), nodal metastasis (31% vs. 63%), gross
extrathyroidal extension (13% vs. 52%), and gross residual
disease (13% vs. 52%, p < 0.05, Table 1). Eight ATCs were
encapsulated, all of which were from the ATC LTS group.

Nine patients were alive 10 years or more after the initial
diagnosis of ATC, all of whom underwent resection for
primary thyroid ATC (n= 7) or locoregional recurrence (n
= 2). None had distant metastasis at presentation. Five
(55%) patients developed distant metastases 5 months to
162 months after the initial resection of thyroid ATC. Three
patients eventually died of their disease 120 months,
120 months, and 224 months after the initial diagnosis
of ATC.

Peripheral neutrophil count and neutrophil-to-
lymphocyte ratio

Compared with ATC control patients who often exhibited
peripheral neutrophilia with a mean absolute neutrophil
count of 8.3 K/mcL and a mean NLR of 6.9, ATC LTS
group had significantly lower neutrophil count (mean=
4.2 K/mcL, p < 0.001) and lower NLR ratio (mean= 2.9, p
< 0.001, Table 1 and Fig. 1).

In the subgroup of patients without DM at presentation,
the peripheral neutrophil count and NLR remained sig-
nificantly higher in the ATC control group compared with
ATC LTS (mean neutrophil count: 4.3 K/mcL in ATC LTS,
8.0 K/mcL in ATC control group, p < 0.001; mean NLR:
2.9 in ATC LTS, 5.5 in ATC control group, p= 0.006).

In patients who underwent primary resection of the
thyroid gland for ATC, there was no correlation between
primary tumor size and NLR or between primary tumor size
and peripheral neutrophil count (Pearson correlation coef-
ficient r ranges from −0.161 to 0.223, p > 0.05, Supple-
mentary Fig. 1).

Among all ATC patients studied, those with distant
metastasis at presentation were associated with significantly
higher neutrophil count (mean ± standard error of mean
SEM: ATC without DM at presentation 6.0 ± 0.5; ATC with
DM at presentation 8.5 ± 1.3, p= 0.027) and higher NLR
(mean ± SEM: ATC without DM at presentation 4.1 ± 0.5;
ATC with DM at presentation 7.8 ± 1.2, p < 0.001).

Tumor microenvironment

Measurements of the immune microenvironment of ATC
LTSs and ATC control group are shown in Table 1.
Compared with the ATC control group, ATC LTSs were
characterized by significantly lower number of CD15-

Table 1 (continued)

ATC LTS
(n= 46)

ATC control
(n= 75)

P
values

Neutrophil-to-lymphocyte ratio,
mean ± SEM

2.9 ± 0.5 6.9 ± 0.8 <0.001

Peripheral blood at the time of
ATC diagnosis in patients without
DM at presentation

n= 35 n= 33

Absolute neutrophil count (K/
mcL), mean ± SEM

4.3 ± 0.5 8.0 ± 0.7 <0.001

Neutrophil-to-lymphocyte ratio,
mean ± SEM

2.9 ± 0.5 5.5 ± 0.9 0.006

Tumor-associated immune
microenvironment

n= 13 n= 12

CD15-positive neutrophils, mean
± SEM

55 ± 15 155 ± 34 0.012

PD-L1 Positivity 11 (85%) 8 (67%) 0.378

PD-L1 CPS score 49 ± 11 42 ± 11 0.656

PRAME 4 (31%) 1 (8%) 0.322

MHC-I on tumor cells

<25% 3 (23%) 0 (0%) 0.200

25–75% 3 (23%) 3 (25%)

>75% 7 (54%) 9 (75%)

CD68-positive macrophages, per
high power field, mean ± SEM

293 ± 47 190 ± 33 0.090

CD163-positive macrophages,
mean ± SEM

312 ± 38 273 ± 39 0.476

CD4-positive helper T cells,
mean ± SEM

79 ± 22 95 ± 16 0.551

CD8-positive cytotoxic T cells,
mean ± SEM

163 ± 39 190 ± 27 0.573

PD-1-positive immune cells,
mean ± SEM

70 ± 26 60 ± 14 0.745

FOXP3-positive regulatory
T cells, mean ± SEM

54 ± 10 67 ± 18 0.524

P values were obtained using log-rank test for survival, Fisher’s exact
test or Chi-square test for categorical variables, and two-tailed
Student’s t test for continuous variable. Bold p values: significant p
values. OS: overall survival, DMFS: distant metastasis-free survival,
SEM: standard error of mean, DTC: differentiated thyroid carcinoma,
FTC: follicular thyroid carcinoma, HCC: Hurthle cell carcinoma,
PDTC: poorly differentiated thyroid carcinoma, CPS: combined
positive score
aRefer to size of the entire tumor (ATC and DTC)
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positive tumor infiltrating-MDSC/neutrophils (mean ±
SEM: ATC LTS 55 ± 15 per high power field; ATC control
group 155 ± 34 per high power field; p= 0.012, Table 1 and
Fig. 1). In patients without distant metastases at presenta-
tion, there was a nonsignificant trend toward a lower
number of CD15-positive tumor infiltrating-MDSC/neu-
trophils in the ATC LTS group compared to the ATC
controls (mean ± SEM: ATC LTS 57 ± 16 per high power
field; ATC control group 150 ± 34 per high power field; p
= 0.056).

All other measurements, including the rate of PD-L1
positivity, PD-L1 CPS score, rate of PRAME positivity,
MHC-1 expression in tumor cells, number of macrophages
(CD68-positive or CD163-positive), PD-1-positive immune
cells, CD8-positive cytotoxic T cells, CD4-positive helper
T cells, and FOXP3-positive regulatory T cells did not
differ between the two groups (p > 0.05).

Molecular profile

The molecular profile of the two groups (ATC LTS: n= 20;
ATC control group: N= 75) is shown in Fig. 2.

Compared with ATC control group, there was a non-
significant trend for ATC LTS to have fewer TERT pro-
moter mutations (ATC LTS: 12/20, 60%; ATC control
group: 60/75, 80%, p= 0.080). Co-existence of a BRAF or
RAS mutation with a TERT promoter mutation was seen in a
significantly higher percentage in the ATC control group
(50/75, 67%) compared with ATC LTS (7/20, 35%, p=
0.019). Additionally, ATC LTS group was associated with a
significantly higher frequency of RB1, KMT2C, BCOR, and
RBM10 alterations (p= 0.032, 0.017, 0.017, and 0.028
respectively).

Other molecular alterations, including those affecting
BRAF, RAS, and TP53 did not differ between the two

groups. The median mutation count was 6 for ATC LTSs
(range 2–21) and 5 for ATC control group (range: 0–30, p
= 0.487).

Fusion events observed in the ATC LTS included
KMT2C-HILPDA fusion, TP53 intragenic deletion, and
NEGR1 intragenic deletion (one case each). CCDC6-RET,
EZH2-CUL1, and NOTCH1-NALT1 fusions were detected
in the ATC control groups (one case each).

Among the 20 ATC LTSs who were subjected to MSK-
IMPACT, two patients had survived for at least 10 years.
One tumor harbored BRAF V600E, FAT Q3902*, and TP53
R175H mutations. The other had mutations of TP53, NF1,
NF2, RB1, FLCN, EP300, MED12, TEK, and PIK3CD
mutations.

Discussion

The key findings of the current study are that ATC LTS is
associated with clinicopathologic parameters related to
resectability, low frequency of concurrent RAS/BRAF
mutations and TERT promoter mutation, a tumor micro-
environment characterized by low tumor-infiltrating
MDSC/neutrophils, and absence of peripheral neutrophilia
characterized by a low peripheral neutrophil count and a
low NLR.

Recently, MDSCs/neutrophils have been identified as a
major contributor for cancer progression and metastatic
spread [9–13]. The bone marrow-derived MDSC/neutrophil
is generated and mobilized through multiple tumor-
secreting factors, including vascular endothelial growth
factor, granulocyte-macrophage colony-stimulating factor,
interleukin (IL)-6, IL-10, and transforming growth factor-
beta, resulting in peripheral neutrophilia [9–13]. Indeed,
high peripheral neutrophil counts and NLR have been

Fig. 1 ATC long-term survivor is characterized with low CD15-
positive tumor-infiltrating myeloid-derived suppressor cells (MDSC)/
neutrophils, low peripheral neutrophil count, and low neutrophil-to-
lymphocyte ratio (NLR). A The histograms showing the average
CD15-MDSC per high power field (HPF), peripheral neutrophil count

(K/mcL), and NLR differ significantly between ATC LTS and ATC
control patients. Error bars represent standard errors of means. CD15
immunohistochemistry in an ATC LTS (B) and an ATC control patient
(C)
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reported in multiple cancers to be associated with poorer
overall survival and progression-free survival [15]. Several
previous studies have also shown that peripheral neu-
trophilia is a common phenomenon in ATC and a high NLR
is associated with decreased survival in ATC [16–18]. The
current study provides further confirmatory evidence
between peripheral neutrophilia and prognosis of ATC, in
which a prolonged survival in ATC patients is associated
with low peripheral neutrophil count and low NLR. In our
study, we have been able to show that this survival differ-
ence persists after controlling for stage parameters, such as
distant metastasis at presentation.

The mechanisms by which neutrophils/MDSC promote
distant metastasis are complex and involve preparation of
the pre-metastatic niche, promoting survival of tumor cells,
and suppression of T cell functions [9–13]. The pre-
metastatic niche is a permissive microenvironment con-
sisting of bone marrow-derived cells (including MDSC/
neutrophils), soluble factors, and extracellular matrix, which
provide congenial “soil” for disseminated tumor cells to
arrest, survive, and colonize [9–13]. In this study, we have
shown that higher circulating neutrophils/MDSC measured
using peripheral neutrophil count and peripheral NLR is
common in ATC with distant metastasis at presentation,

providing supportive data of an association between neu-
trophils/MDSC and metastatic spread.

Tumor-infiltrating neutrophils have also been reported to
be an adverse prognostic factor for various types of solid
tumors [14, 20]. However, the prognostic role of tumor-
infiltrating MDSC/neutrophil in ATC has yet to be deter-
mined. ATC is known to be heavily infiltrated by myeloid
cells, in particular M2 macrophages and neutrophils
[4, 21, 22]. Indeed, we have demonstrated using immuno-
histochemistry studies that ATC as a whole shows an
immune/inflammatory-hot phenotype with abundant mac-
rophages, neutrophils/MDSC, and multiple subsets of T
lymphocytes. Additionally, our study provides the first
evidence that tumor-infiltrating CD15-positive MDSC/
neutrophils identified by immunohistochemistry within the
ATC are prognostically relevant for ATC patients and that
ATC LTS is associated with a significantly lower number of
tumor-infiltrating MDSC/neutrophils. In patients without
distant metastasis at presentation, there was a trend toward
higher tumor-infiltrating CD15-positive MDSC/neutrophils
in short-term survival ATC compared to ATC LTS. This
finding together with a significantly higher neutrophilic
blood count in short-term ATC survivors who are
M0 suggest a role for MDSC/neutrophils in preparing the

Fig. 2 Molecular signature of anaplastic thyroid carcinoma (ATC)
according to survival time. ATC long term survivors (ATC LTS) have
significantly higher frequency of RB1, KMT2C, BCOR, and RMB10

alterations compared with ATC control group (*p < 0.05). Other
molecular alterations do not differ according to survival time. # indi-
cates two patients who survived for at least 10 years
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pre-metastatic niche before the distant disease becomes
clinically manifest.

PD-L1 immunopositivity has been reported in a large
proportion of ATC. The frequency of PD-L1 positivity
ranges from 22% to 94% depending on the detection
methods and the cutoff values used [23–26]. Similarly, the
PD-L1 immunopositivity in this study is 76% using a cutoff
of CPS ≥ 1. It remains controversial whether PD-L1
immunopositivity is prognostically relevant. A recent
meta-analysis failed to demonstrate a significant association
between PD-L1 immunoexpression and survival in ATC
[25]. In the present study, no significant difference of PD-
L1 has been detected between ATC LTS and ATC control
patients, indicating that PD-L1 does not impact outcome
in ATC.

PRAME is a cancer neoantigen that may serve as a target
for cancer vaccination and adoptive T cell therapies [27].
PRAME expression has been detected in various human
cancers and is shown to be a prognostic biomarker asso-
ciated with higher tumor stage, nodal metastasis, and poor
disease-free survival in a recent meta-analysis [28]. MHC-I
transports and displays cancer neoantigen to the surface of
tumor cells, allowing CD8-positive T cells to recognize,
bind, and eliminate tumor cells [29]. Down-regulation of
MHC-I is a common strategy of immune evasion of many
cancers, impairing natural immune response and host
response to cancer vaccination [29]. In this study, we have
shown that PRAME immunopositivity and MHC-I down-
regulation are present in 20% and 36% of ATC, respec-
tively. However, there is no significant difference between
ATC LTS and ATC control cases.

The lack of significant prognostic difference of tumor
microenvironment, PD-L1, PRAME, and MHCI should be
interpreted with caution given the small number of cases
tested in each group. Future large-scale studies on tumor
microenvironment in ATC are needed.

Previous studies have shown that surgical resectability,
negative margin, smaller tumor size, and lack of regional
and distant metastasis are independent prognostics factor
associated with improved survival in ATC [1, 2, 4, 6, 8, 30].
Not surprisingly, the ATC LTS group in our study was
enriched with ATC which was surgically resectable. These
primary thyroid ATCs had smaller overall size of primary
tumor, smaller size of ATC, lower percentage of ATC
within tumors that also harbored a differentiated thyroid
carcinoma component, negative margin, as well as absence
of gross extrathyroidal extension, gross residual disease,
nodal and distant metastasis. Our data provide further evi-
dence that surgical resections and pathologic factors perti-
nent to resectability are prognostically relevant in ATC.

Several previous studies have identified potential adverse
prognostic molecular factors in ATC, including TERT
promoter mutation, particularly when it co-exists with

BRAF/RAS mutation [4, 22]. In our study, we also reported
that the ATC LTS cohort had a significantly lower per-
centage of cases with both TERT promoter mutations and
BRAF/RAS mutation. The frequency of key oncogenic dri-
ver events (e.g., BRAF V600E and RAS mutations) and
TP53 mutation does not differ between the two groups.

In conclusion, in this comprehensive comparison
between ATC long term survivors and ATC control
patients, we have identified multiple factors that are asso-
ciated with prolonged survival including (1) a neutrophil-
poor homeostasis and tumor microenvironment character-
ized by low peripheral blood neutrophil counts, low per-
ipheral blood neutrophil-to-lymphocyte ratios, and low
tumor-infiltrating myeloid-derived suppressor cells/neu-
trophils within the tumor, (2) surgical resection and multiple
clinicopathological factors associated with resectability, and
(3) a low frequency of concurrent RAS/BRAF mutations
with TERT promoter mutation.
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