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Context: Five to 10% of patients with differentiated thyroid cancers (DTC) develop invasive and/or
distant metastatic disease that is marginally improved with standard therapies. Prognosis is poor
for patients with anaplastic thyroid cancer, with a median survival of 3–5 months. We suggest that
a paradigm shift is necessary in the treatment of advanced cases.

Objective: We hypothesized that a T-cell response is generated in advanced thyroid cancer and may
be a viable therapeutic target.

Design: Primary DTCs were analyzed by quantitative RT-PCR (n � 92) for expression of CD3, CD8,
forkhead box (Fox)-P3, programmed death (PD)-1, PD-1 ligand-1, and PD-1 ligand-2 and biopsied
for cellular analysis by flow cytometry (n � 11). Advanced pT4 cases (n � 22) and metastases (n �

5) were analyzed by immunohistochemistry.

Setting: The study was conducted at the University of Colorado Hospital.

Patients: Thyroid cancer patients undergoing thyroidectomy or completion surgery for advanced
disease between 2002 and 2013 participated in the study.

Intervention: There were no interventions.

Main Outcome Measure: Immune markers were analyzed for association with disease severity.

Results: Immune markers were commonly expressed at the RNA level. PD-L1 was higher (P � .0443)
in patients with nodal metastases. FoxP3� (P � .0001), PD-1�CD8� (P � .0058), and PD-1�CD4� (P
� .0104) T cells were enriched in DTC biopsies. CD8� and FoxP3� T cells were detected by immu-
nohistochemistry in all pT4 tumors and a subset of metastases. PD-1� lymphocytes were found in
50% of DTCs. PD-L1 was expressed by tumor and associated leukocytes in 13 of 22 cases, and
expression was more diffuse in anaplastic thyroid cancer (P � .0373). BRAFV600E mutation was
associated with higher frequencies of tumor-associated lymphocytes (P � .0095) but not PD-L1
expression.

Conclusions: PD-1 checkpoint blockades may have therapeutic efficacy in patients with aggressive
forms of thyroid cancer. (J Clin Endocrinol Metab 101: 2863–2873, 2016)
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Abbreviations: ATC, anaplastic thyroid cancer; DTC, differentiated thyroid cancer; FFPE,
formalin-fixed, paraffin-embedded; FNB, fine needle biopsy; Fox, forkhead box; FVPTC,
follicular variant of papillary thyroid carcinoma; iDC, immature dendritic cell; IFN�, inter-
feron �; IHC, immunohistochemistry; LT, lymphocytic thyroiditis; PD-1, programmed
death-1; PD-L1, PD-1 ligand-1; PD-L2, PD-1 ligand 2; PDTC, poorly differentiated thyroid
cancer; qRT-PCR, quantitative RT-PCR; TAL, of tumor-associated lymphocyte; TAM, tumor-
associated macrophage; TILN, tumor-involved lymph nodes; Treg, regulatory T cell; VEGF,
vascular endothelial growth factor.
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Whereas most patients with differentiated thyroid
cancers (DTCs) respond well to standard thera-

pies, 10% of patients develop invasive disease and 5%
develop distant metastases (1). Lenvatinib, now approved
as standard of care, achieved a 63.2% partial response and
extended progression-free survival by 14.7 months, but
only 1.5% attained a complete response (2). Although
these data are encouraging, tyrosine kinase inhibitors as
monotherapies are not curative. Furthermore, 1% of pa-
tients develop anaplastic thyroid cancer (ATC). The prog-
nosis for these patients is poor, even with current treat-
ment strategies, with a median survival of 3–5 months (1).
Patients with progressive forms of thyroid cancer could
benefit from novel adjuvant therapies, including immune-
targeted approaches.

Our previous analysis of primary tumors from patients
with DTCs identified CD4�CD25� forkhead box (Fox)-
P3� regulatory T cells (Tregs) as a significant component
of tumor-associated lymphocytes (TAL), and increased
frequencies of Tregs correlated with higher degree of
lymph node metastases (3). Similarly, Gogali et al (4)
found that Tregs were elevated in both benign nodules and
DTCs compared with blood, and a subtle increase in fre-
quency was observed in stage II-IV compared with stage I. In
regionally metastatic DTCs, Tregs were elevated in tumor-
involved lymph nodes (TILN) compared with uninvolved
nodes and were associated with recurrent disease (5).

Further characterization of T cells from TILN revealed
that programmed death-1 (PD-1)� T cells were enriched in a
subset of patients (5, 6). Expression of PD-1, an inhibitory
checkpoint molecule, is associated with T-cell exhaustion in
chronic viral infection and cancer (7–13). Ligation of PD-1
by PD-1 ligand-1 (PD-L1) and PD-1 ligand 2 (PD-L2) con-
tributes to the cessation of the T-cell response (14). PD-L1 is
overexpressed by many types of tumors and has been asso-
ciated with poor prognosis in some epithelial cancers (15,
16). Aberrant PD-L2 aberrant expression has also been re-
ported in cervical carcinoma (17–19). In regionally meta-
static DTC, PD-1� T cells displayed evidence of antigen rec-
ognition and exhaustion and were variably compromised in
their ability to produce cytokines ex vivo (5, 6). Surprisingly,
the proliferative capacity was largely maintained, suggesting
that exhaustion may be incomplete. Flow cytometry analysis
of tumors isolated from TILN revealed that PD-L1 was ex-
pressed to varying degrees by 9 of 10 samples tested. Of
interest, Tregs were elevated in all TILN, even in the absence
of PD-1� T cells, suggesting that both Tregs and T-cell ex-
haustion impede tumorelimination (6).TheroleofPD-1and
the immune response in locally invasive and distantly meta-
static DTC remains to be determined.

ATC occurs in a small subset of patients and, given its
highly metastatic nature, often does not yield surgical sam-

ples. Consequently, the data on the immune response in
ATC is sparse. Tumor-associated macrophages (TAMs)
and immature dendritic cells (iDC) have been identified in
archived ATC surgical samples (20–24). TAMs were
found at increased levels in more aggressive ATC com-
pared with poorly differentiated thyroid cancer (PDTC)
and DTC and commonly constitute greater than 50% of
the tumor mass in ATC (21, 23). TAM in ATC expressed
CD163 and displayed no or very few intracytoplasmic
phagocytic materials, suggesting an M2 phenotype (21).
The phenotype of lymphocytes in ATC has not yet been
studied.

To further characterize the role of Tregs and T-cell ex-
haustion in primary DTC, we analyzed the expression lev-
els of CD3, CD8, FoxP3, PD-1, PD-L1, and PD-L2 in a
large population of banked primary DTC using standard
quantitative RT-PCR (qRT-PCR). In a subset of these pa-
tients, we obtained fresh fine-needle biopsies (FNB) of
primary tumors for analysis by flow cytometry. To inves-
tigate the immune modulation in more aggressive thyroid
cancers, we performed immunohistochemistry on a col-
lection of archived advanced DTC, PDTC, ATC, and met-
astatic tumors.

Materials and Methods

Patients, sample collection, and disease
parameters

DTC, PDTC, and ATC patients undergoing primary thyroid-
ectomy and neck dissection or secondary surgeries for advanced
disease at the University of Colorado Hospital between 2002 and
2013 were selected. Sample collection was performed following
internal review board approval. Peripheral blood mononuclear
cell (PBMC) isolation and FNB of postsurgical tumor tissue were
performed as previously described (5). For RNA analysis, a sec-
tion of each tumor was centrally dissected and snap frozen for
long-term storage at �80°C in our tumor bank. Successful sam-
pling of the tumor was confirmed by hematoxylin and eosin
analysis of the tissue specimen. Archived formalin-fixed, paraf-
fin-embedded (FFPE) surgical specimens were used for immu-
nohistochemistry (IHC) analyses. Original pathology reports
provided tumor type, size, invasion, and extent of lymph node
metastases. Evidence of distant metastases were determined
from clinic notes, imaging, and pathological data where avail-
able. Standard American Joint Committee on Cancer (sixth edi-
tion) tumor node metastasis scoring was used for staging (25).
Original hematoxylin and eosin stainings from the pathology
archive were reanalyzed to assess the presence and degree of
lymphocytic infiltration in normal thyroid tissue (lymphocytic
thyroiditis [LT]) and in association with the tumor (TAL).

Patient characteristics for all analyses are summarized in Ta-
ble 1. Patients in the qRT-PCR study (n � 92) included 38 clas-
sical PTC, 22 follicular variants of PTC, and 32 mixed PTC and
follicular variant of papillary thyroid carcinoma (FVPTC) mor-
phology. Tall cell (n � 6), Hurthle cell (n � 12), and solid (n �
5) and columnar (n � 1) variants were present in low frequencies.
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The 11 patients in our FNB study included four FVPTC cases,
one of which had Hurthle cell features, one mixed PTC and
FVPTC morphologies, and six classical PTC, one of which in-
cluded a solid variant.

pT4 tumors from primary (n � 17) or completion (n � 5)
thyroidectomies (n � 22; 12 DTC, eight ATC, and two PDTC)
and nonlymph node metastases (n � 6 from five patients; tibia
and left knee [DTC], one sternum [PDTC], one vertebrae [fol-
licular thyroid carcinoma], one lung [PDTC], one strap muscle
[DTC)] were identified from the pathology archive between
2002 and 2013. Treatment with bevacizumab or pazopanib was
noted prior to tissue sampling for the tibia/left knee and vertebral
metastases, respectively. In all other cases, no prior tyrosine ki-
nase inhibitors were noted. These patients were distinct from
those that provided samples for q-RT-PCR and FNB. Expression
of BRAFV600E in the pT4 cases was determined by Sanger se-
quencing of FFPE cores as previously described (26). One case
was not analyzed due to prior decalcification of the sample.

Determination of thyroiditis and tumor-associated
lymphocytes

The extents of LT and TAL were assessed as previously pub-
lished (5). In the IHC analysis, TAL ranged from none (one
PDTC and two ATCs) to minimal (�10 lymphocytes; two DTCs,
one PDTC, two ATCs) to mild (10–100 lymphocytes; three
DTCs, one ATC) to moderate (�100 lymphocytes; five DTCs,
one ATC) to severe (large aggregates with germinal center for-
mation [two DTCs and two ATCs]). Patients with moderate to
severe lymphocytic infiltration in the normal tissue were consid-
ered positive for LT (Table 1). The presence or absence of LT was
indeterminate in two pT4 cases with evident TAL because the
tumor had overtaken the normal thyroid tissue.

Frozen tumor processing, RNA isolation, and
qRT-PCR

Frozen tumor tissue was cut using a cryostat, placed into
Trizol with a 5-mm stainless steel bead (QIAGEN), and homog-
enized (QIAGEN tissue lyser). RNA was isolated with chloro-
form and the RNeasy kit (QIAGEN). cDNA was synthesized
from total RNA (1 �g) using the high-capacity c-DNA reverse
transcription kit (ABI-P/N 4368814). TaqMan gene expression
assay primers were purchased from Invitrogen (numbers
Hs01062241, Hs00174762, Hs01085834, Hs01550088,
Hs01125301, Hs0105777). The TaqMan probes were 5�labeled
with 6-carboxyfluorescein. Real-time PCRs (Prism 7900 se-
quence detector; PE Applied Biosystems Inc) were carried out in
duplicate and included standard curve, test samples, no-tem-
plate, and no reverse transcription controls. Human PBMCs
were used to generate the standard curve for CD3, CD8, PD-1,
and FoxP3; and the thyroid cancer cell line, BCPAP, was used for
PD-L1 and PD-L2. Expression of each target was normalized to
corresponding 18s rRNA (PE Applied Biosystems Inc; P/N
4308310). 293T cells were used as a negative control for CD8 (0
pg/ng 18S), PD-L1 (6.0 pg/ng 18S), and PD-L2 (0 pg/ng 18S).
BCPAP was used as a negative control for CD3 (0.25 pg/ng 18S),
FoxP3 (4.7 pg/ng 18S), and PD-1 (4.4 pg/ng 18S).

Flow cytometry
Staining and analysis were performed as previously published

in FNB from lymph nodes (5). Gating strategies were determined
with PBMCs. Anti-CD3-alexafluor-700 (UCHT1), anti-CD4-
fitc (RPA-T4), anti-FoxP3-PE (PCH101), anti-interferon-�
(IFN�) PerCP-Cy5.5 (4S.B3), and anti-CLTA-4-biotin (14D3)
were purchased from eBioscience. Anti-PD-1-AF647 (EH12.1)
and anti-CD25-APC-Cy7 (M-A251) were purchased from BD
Pharmingen. Anti-CD8-Pacific Orange (MHCDO830) was pur-
chased from Invitrogen. PD-L1 and PD-L2 expression in 293T
transfectants was verified by flow cytometry (anti-PD-L1; eBio-
science [MIH1]; anti-PD-L2, Biolegend [24F.10C12]).

Immunohistochemistry
Tissue sections (4 �m) were deparaffinized and rehydrated

using standard protocols. Antigen retrieval was performed in
citrate buffer (10 mM trisodium citrate [Sigma[, 0.05% Tween
20 [Sigma], pH 6) for CD8, PD-1, FoxP3, and PD-L2 or Tris-
EDTA buffer (10 mM Tris Base [Sigma], 1 mM EDTA [Sigma],
0.05% Tween 20, pH 9) for PD-L1 detection in a decloaking
chamber (15 min, 110°C; Biocare Medical). Tissues were incu-
bated with H2O2 (3%; 30 min) followed by a serum block and
stained with species control IgG in parallel to anti-CD8 (Vector
Labs; VP-C324, 1:100), anti-PD-1 (Abcam; ab52587, 5 �g/mL),
anti-FoxP3 (eBioscience; PCH101, 1.25 �g/mL), or anti-PD-L1
(Spring Bioscience; SP142, 0.77 �g/mL) or anti-PD-L2 (Bioleg-
end; MIH18, 2 �g/mL) overnight at 4°C. Staining was detected
with species-specific, horseradish peroxidase-conjugated
ImmPress reagent kits and ImmPact diaminobenzidine (Vector
Labs). Tissues were counterstained with Mayer’s hematoxylin
(Sigma-Aldrich) and mounted (Cytoseal-XYL; Thermo Scien-
tific). Staining intensity was scored on a 1� to 3� scale, and the
percentage of positive cells among total lymphocytes or tumor
cells was estimated (1 � � 1%, 2 � 1%–10%, 3 � 11%–33%,
4 � 34%–66%, 5 � 67%–100%). Allred scores (intensity �
percentage positive) were generated for comparison between
samples (27). CD8, FoxP3, and PD-1 stains were optimized using

Table 1. Clinical Summary of Patients

qRT-PCR
(n � 92)

Flow Cytometry
(n � 11)

IHC
(n � 22)

Female to male ratio 64:28 9:2 12:10
Agea 46 � 15 40 � 15 61 � 18
DTC 92 (100) 11 (100) 12 (55)
PDTC 0 0 2 (9)
ATC 0 0 8 (36)
Thyroiditis (LT) 37 (40) 6 (55) 5 (23)
Tumor sizea 2.3 � 1.8 1.8 � 1. 5 5.0 � 2.4b

ET invasion 35 (38) 4 (36) 22 (100)
pT1 40 (43) 5 (45) 0
pT2 11 (12) 2 (18) 0
pT3 38 (42) 2 (18) 0
pT4 3 (3) 2 (18) 22 (100)
pNX 3 (3) 2 (18) 3 (14)
pN0 51 (55) 2 (18) 2 (9)
pN1 38 (41) 7 (64) 17 (77)
EN invasion 19 (21) 0 8 (36)
M1c 0 0 12 (55)d

Abbreviations: EN, extranodal; ET, extrathyroidal.
a Mean age or tumor size (centimeters) � SD.
b Primary tumor size; thyroiditis was unknown for two patients.
c Metastases were either suspected by imaging or confirmed by
pathology.
d Metastases were observed in five DTC, two PDTC, and four ATC
cases.
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tonsil tissue. PD-L1 and PD-L2 staining
protocols were optimized using 293T
transfectants (Lipofectamine 2000; Life
Technologies). Anti-CD8 staining was
imaged using an Aperio Scanscope AT2
at an optical resolution of 	20 and a dig-
ital resolution of 0.5 �m per pixel. Tu-
mor regions of interest were annotated
using the Aperio ImageScope application
and analyzed for positive stain using
an Aperio colormetric thresholding
algorithm.

Statistical analysis
To determine statistical significance,

we used the Mann-Whitney nonpara-
metric, two-tailed t test or Fisher’s exact
test. Correlations were assessed using the
nonparametric Spearman test. The level
of statistical significance was calculated
by a two-tailed analysis with 95% con-
fidence. To ensure significance in our
flow cytometry analyses (based on Pois-
son statistics), a minimum of 100 events
were collected in the populations of
interest.

Results

qRT-PCRanalysisof immunemark-
ers in primary DTC To investigate
the role of Tregs and T-cell exhaus-
tion in primary thyroid tumors, we
obtained 92 frozen tissue samples
from our thyroid tumor bank. CD3
and CD8, FoxP3, PD-1, PD-L1, and
PD-L2 expression varied signifi-
cantly among samples. No associa-
tion was observed between the ex-
pression of CD3, CD8, FoxP3, PD-1,
PD-L1, or PD-L2 and tumor size
(Figure 1A). PD-L1, but not the other
targets, was slightly elevated on av-
erage in patients with regional lymph
node metastasis (ie, pN1; Figure 1B).
CD3, CD8, FoxP3, PD-1, and PD-L2
were expressed higher on average in
patients with LT (Supplemental Fig-
ure 1). This is not surprising because
the level of tumor-infiltrating and
surrounding lymphocytes would
likely increase as a result of LT. Of
interest, PD-L1 levels were not sig-
nificantly different between the two
groups, perhaps suggesting that the

Figure 1. RNA expression analysis of tumor-infiltrating T cells and the PD-1 checkpoint pathway
in DTC. RNA expression of CD3, CD8, FoxP3, PD-1, PD-L1, and PD-L2 in DTC sample was
determined by qRT-PCR. A, Patient samples were grouped according to tumor size. pT4 patients
are shown as open circles among pT1, pT2, and pT3 patients (filled circles). B, Expression was
compared in patients with (N1) and without (NX/NO) lymph node metastases. Mean � SEM is
shown. With the exception of one sample that displayed a value for PD-L1 less than 6.0 pg/ng
18S; all other samples expressed the targets at levels higher than that observed in our negative
controls. C, Representative images of PD-L1 protein detection by immunohistochemistry is shown
in DTC samples that displayed low and high relative levels of PD-L1 mRNA. Spearman correlation
analysis of PD-L1 mRNA and protein expression (n � 9) was performed.
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tumor itself contributes to PD-L1 expression. To determine
whether the low-level expression of RNA for PD-L1 was
indicative of protein expression, we assessed PD-L1 expres-
sion by IHC in FFPE specimens from nine patients who con-
tributed frozen specimens for our qRT-PCR analysis (Figure
1C). Two of three samples that had low levels of PD-L1
expression by RNA (52.8, 53.7, and 54.4 pg per 18S) were
positive for PD-L1 protein, as detected by IHC (allred
score � 3, 0, and 3, respectively), suggesting that even the
low-levelPD-L1RNAexpressionmaybephysiologically rel-
evant. PD-L1 expression was detected by IHC in all six tu-
mors thathadintermediateorhigh levelsofRNAexpression;
however, the expression level detected by IHC did not cor-
relate directly with RNA levels. This could be explained by
tissue heterogeneity in the tumor sampling and/or inconsis-
tent translation of PD-L1 transcript. These data suggest that
T-cell infiltration is common in primary DTC. The presence
of FoxP3 expression in these samples may be indicative of
Treg infiltration, which could impede any ensuing immune
response. Furthermore, these studies suggest that the PD-1/
PD-L1/PD-L2 checkpoint pathway is expressed in DTC.

Detection of Tregs and PD-1� T cells in surgical
DTC samples by flow cytometry

To verify our qRT-PCR results at the cellular level, we
obtainedFNBsfromsurgical specimensafter thyroidectomy.
Lymphocytes from 11 tumor biopsies and matched PBMCs
were analyzed by flow cytometry. As shown in Figure 2A,
FoxP3�CD25�CTLA-4� Tregs were consistently elevated
in DTC compared with PBMCs. In line with these findings,
the ratioofCD8toTregwas reduced inDTCcomparedwith
PBMCs. PD-1� CD4� and CD8� T cells were also elevated
in DTC (Figure 2B). The frequencies of Tregs and PD-1� T
cells were similar in the tumors with and without concurrent
thyroiditis (data not shown). In this small sample set, no
association was observed between Treg or PD-1� T cell fre-
quency and tumor size, invasion, or lymph node metastases
(data not shown). Future studies are necessary to determine
the functional relevance of PD-1 expression by DTC-asso-
ciated T cells. These data confirm that T cells, including the
CD8�, CD4� Tregs, and PD-1� populations, are commonly
found infiltrating the primary thyroid tumors, even in more
aggressive (pT4) cases.

Immunohistochemical analysis of CD8, FoxP3, PD-
1, PD-L1, and PD-L2 in advanced DTC and ATC

To more thoroughly assess tumor-associated T cells in
aggressive DTC and ATC cases, we identified 22 patients
over the last 10 years with archived thyroidectomy speci-
mens thatweregradedaspT4.SixDTCmetastases, archived
from five different patients, were also analyzed. Nineteen of
the primary tumors were determined by pathological assess-

ment to contain TAL, four of which were confirmed to also
haveconcurrent thyroiditis (Table1andSupplementalTable
1). One of the remaining three patients had LT in the absence
of TAL. CD8� and FoxP3� lymphocytes were evident infil-
trating the tumor in all 19 cases (Figure 3). PD-1 expression
was less uniform, occurring only in six DTC samples (20%),
andPD-1� cellswereconfinedtoperitumoral (TAL)ordistal
lymphoid aggregates (TAL/LT; Figure 3B and Supplemental
Table 1). TAL was detected by histological analysis in two of
five metastases and included CD8� (n � 2) and FoxP3� (n �
1) lymphocytes (Figure 3A). PD-1� cells were not identified
in this small sampling of metastases. Quantitative scanning
of all pT4 tumors revealed that CD8� T cell frequencies
ranged from 173 to 1497 cells/mm2. Of note, CD8 detection
in the five metastatic DTC tumors ranged from 40 to 687
CD8� cells/mm2 (Figure 3D, open circles).

PD-L1andPD-L2expressionswereassessedonboth tumor
cells and associated leukocytes in primary pT4 tumors and me-
tastases (Figure 3, C and E). PD-L1 was expressed at similar
intensities (1–2�)by13of22tumors.PD-L1expression,when
present,waslargelyfocal inDTCbutwasmorediffuseinthesix
positive ATC samples. PD-L1 was also expressed by intratu-
moralandperitumoral lymphocytes in10of the13tumors that
werepositive forPD-L1.Eightof12DTCs, twooftwoPDTCs,
and five of eight ATCs showed evidence of PD-L1� TAM, as
identifiedbymorphology (Figure3C).Allmetastaseswereneg-
ative for PD-L1 expression. Patient-matched primary tumors
wereavailablefromthreeofthesepatients,andallwerenegative
forPD-L1expression.AlthoughPD-L2wasdetectedinthepT4
tumorsassessedbyqRT-PCR(Figure1),PD-L2proteinwasnot
expressed by the tumor or associated leukocytes in this sample
set. Verification of PD-L1 and PD-L2 IHC is shown in Supple-
mental Figure 2.

BRAFV600E mutation status and immune markers
in advanced DTC and ATC

The BRAFV600E mutation is present in 50% and 25% of
DTC and ATC cases, respectively (28). In addition to its
oncogenic activity, BRAFV600E signaling has been shown to
modulate the immune response (29–31). We characterized
our panel of advanced DTC and ATC cases for the presence
of the BRAFV600E mutation and investigated whether muta-
tion status was associated with the frequency and/or pheno-
type of TAL and expression of PD-L1 (Supplemental Table
1). As shown in Figure 4, higher levels of TAL were seen on
average in patients with BRAFV600E positive DTC or ATC;
however, no significant association was observed between the
mutation status and expression of PD-L1 or the frequency of
infiltrating CD8�, FoxP3�, and PD-1� lymphocytes.

Discussion

Recent successes of anti-PD-1/PD-L1 checkpoint inhibi-
tors have reinvigorated the field of cancer immunotherapy
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(32–37). Response rates have ranged from 13% to 37% in
patients with progressive cancers in whom multiple lines
of therapy have failed. Posttrial analyses have attempted
to define molecular markers that correlate with tumor re-

gression. Initial studies with novilumab (anti-PD-1; Bris-
tol Myers) found that response was associated most
strongly with the expression of PD-L1 by the tumor and
did not significantly correlate with infiltrating lympho-

Figure 2. Characterization of T-cell subsets in DTC. A, FNBs from primary DTC and matched peripheral blood samples were analyzed by flow
cytometry. CD3� T lymphocytes were further gated by CD4 and CD8 expression. Tregs were identified as FoxP3�CD4� and assessed for CD25
and CTLA-4. The percentages of FoxP3� Tregs in the total CD4� T cell population and the ratios of CD8 to Treg (percentage CD8/CD3 to
percentage FoxP3/CD3) were compared between blood (PBMCs) and DTC. FSC, forward scatter; SSC, side scatter. B, CD4� and CD8� T cells were
assessed for PD-1 expression in PBMC and DTC. Asterisks designate pT4 patients.
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cytes (19, 37). PD-1 was expressed by tumor-infiltrating
lymphocytes in 7 of 10 of responders and 9 of 18 nonre-
sponders and did not significantly correlate with a clinical
response (19). In contrast, response to pembrolizumab
(anti-PD-1; Merck) was strongly associated with a high

frequency of CD8� or PD-1� T cells
either at the invasive margin or infil-
trating the tumor and, to a lesser de-
gree, expression of PD-L1 (38).

Our results revealed that PD-L1 is
often expressed by pT4 thyroid can-
cers (61%) and is highly expressed in
a subset of patients with ATC. De-
tection of PD-L1 protein was suc-
cessful, even in samples with rela-
tively low RNA expression (
50
pg/ng 18S). These data suggest that
PD-L1 is likely expressed at the pro-
tein level by at least 64% (59 of 92
samples � 50 pg/ng 18S; Figure 1) of
all DTC samples. A previous IHC
study suggested that PD-L1 was ex-
pressed by greater than 80% of
DTCs (39). These data should be in-
terpreted with caution, however, be-
cause staining was cytoplasmic and
controls were not shown. Another
recent study found that 9 of 17 DTC
samples (53%) expressed PD-L1
(30). The staining in this study was
also largely cytoplasmic and the ap-
propriate negative controls were not
reported.

PD-1� lymphocytes were identi-
fied in six pT4 DTC cases by IHC,
RNA expression of PD-1 was evi-
dent in all three pT4 DTC cases an-
alyzed (44, 493, and 546 pg per 18S),
and PD-1� CD4� and CD8� T cells
were enriched in both pT4 DTC
cases analyzed by flow cytometry.
Although additional studies are nec-
essary to determined whether PD-1
is a sign of functional exhaustion in
these primary thyroid tumors, we
would predict that PD-1 is expressed
after exposure to tumor antigen and
is likely associated with the up-reg-
ulation of other inhibitory molecules
(ie, Tim-3) and reduced capacity for
cytokine production. Most notably,
intratumoral CD8 infiltration was
evident in all primary pT4 tumors

and at least two of five metastases. Response to pembroli-
zumab in patients with melanoma was associated with
CD8 infiltrate ranging from approximately 1000–8000
cells/mm2 (38). Although the physiological relevance of
CD8� T cell frequency (40–1497 cells/mm2) in thyroid

Figure 3. Immunohistochemical analysis of tumor-associated T cells and the PD-1 checkpoint
pathway and advanced pT4 DTC and ATC. Archived primary tumor samples and metastases were
stained with antibodies specific for CD8, FoxP3, PD-1, and PD-L1. Intratumoral (IT), peritumoral
(PT), and distal (D) lymphocytes were assessed for the expression of CD8, FoxP3 (A), and PD-1
(B). C, Representative PD-L1 expression is shown in the tumor and associated lymphocytes and
macrophages. Arrows designate PD-L1� macrophages. Macrophages were evident within ATC
tumors but were difficult to distinguish, given the high level of PD-L1 staining on tumor cells.
Staining intensity (ie, 2�), staining frequency (percentage of cells analyzed), and Allred score (1–
8) is noted. D, Allred scores and Aperio quantification (cells per square millimeter) for CD8
staining are displayed. E, Allred scores for FoxP3 and PD-1 staining among lymphocytes and PD-
L1 expression by the tumor are shown. DTC, black circles; PDTC, black triangles; ATC, open
triangles; and DTC metastases (mDTC), open circles. Mean � SEM is shown.
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cancer remains to be determined, these data suggest that
an antitumor CD8� T-cell response has been generated in
patients with advanced DTC, which may be enhanced by
anti-PD-1 therapy.

We predict that the ability of a patient to respond to a
PD-1 blockade will depend not only on the presence of a
CD8� T-cell response and the involvement of the PD-1/
PD-L1/PD-L2 inhibitory pathway but will also be limited
by a suppressive tumor microenvironment. FoxP3� lym-
phocytes were present in all pT4 primary tumors and one
of the two metastases with evident TAL. Tregs have been
shown to express both PD-1 and PD-L1, and blockade of
PD-1/PD-L1 interactions is thought to inhibit the induc-
tion, maintenance, and function of Tregs (40–43). Thus,
anti-PD-1 and anti-PD-L1 therapies may inhibit the sup-
pressive effects of tumor-associated Tregs. TAMs and iDC
have also been described in primary thyroid tumors (20,
22, 24, 44). Here we identified PD-L1� TAM in 16 of 23
pT4 tumors (Figure 3C). Future clinical trials using PD-1
checkpoint blockades should include analyses of Tregs,
TAM, and iDC as potential markers of response and/or
resistance to therapy.

The success of anti-PD-1/PD-L1 therapies is also criti-
cally dependent on the ability of CD8� T cells to recognize

tumor antigens. Although thyroid
cancer is thought of as having low
mutation burden compared with
other types of cancer, a number of
mutations have been described that
could be a source of neoantigens
(28). Of interest, the thyroid is one of
the most immunogenic organs in the
body. The prevalence of autoim-
mune thyroiditis in the general pop-
ulation is approximately 5%–10%,
and nearly 30% of the patients with
DTC have thyroid autoantibodies.
Thyroiditis is a common side effect in
patients receiving checkpoint block-
ade therapies, suggesting that thy-
roid-specific T cells have escaped
negative selection in a subset of pa-
tients (33, 37, 45). Although tumor
antigens remain poorly character-
ized in thyroid cancers, it is likely
that autoreactive T cells contribute
to the antitumor response.

ATC samples were also infiltrated
with CD8� T cells and Tregs. Of in-
terest, six of eight ATC samples dis-
play diffuse expression of PD-L1.
PD-L1 is induced by IFN� during an
active immune response. Thus, it is

possible that PD-L1 is expressed in response to the ensuing
immune response. Alternatively, constitutive expression
of PD-L1 may have been acquired during tumor escape
and may not reflect the functionality of the ensuing im-
mune response. Of note, both the MAPK and phosphati-
dylinositol 3-kinase/AKT signaling pathways are com-
monly activated by gene mutations in ATC and may drive
PD-L1 overexpression (28, 46–48). We suggest that pa-
tients with ATC are viable candidates for anti-PD-1/
PD-L1 therapies in combination with other chemothera-
pies that slow tumor growth.

Current trials involving the available checkpoint block-
ades are focused on combination therapies with other im-
mune-modulating drugs, tumor vaccines, multitargeted
tyrosine kinase inhibitors, and standard chemotherapies
(eg, 4–1BB, LAG-3, Sipuleucel-T, lenvatinib, and poma-
lidomide). BRAF inhibitors are well studied in melanoma
and thyroid cancer. BRAFV600E expression leads to the
up-regulation of key genes involved in the innate immune
response and may be associated with higher levels of im-
mune-suppressive molecules, such as PD-L1 and IDO (29,
30). BRAFV600E expression in melanoma is thought to
induce PD-L1 and PD-L2 expression by fibroblasts within

Figure 4. BRAFV600E mutation and immune phenotype. BRAFV600E mutation and wild-type (WT)
pT4 tumors were compared for the level of TAL, relative frequency of CD8�, FoxP3�, and PD-1�

lymphocytes, and PD-L1 expression by the tumor. TAL was scored as follows: 0, none; 1,
minimal; 2, mild, 3, moderated; and 4, severe.
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the tumor microenvironment via an IL-1-dependent path-
way (31). BRAFV600E inhibition enhanced the expression
of potential tumor antigens and major histocompatibility
complex (49–52). Furthermore, BRAF inhibition in pa-
tients and mouse models resulted in increased tumor-in-
filtrating T cells and elevated CD8 to Treg ratios (50, 53–
55). In a mouse model of ATC, BRAFV600E inhibition with
PLX4720 resulted in an increased infiltration of CD8� T
cells, myeloid cells, and B cells and the up-regulation of
PD-L1 (56, 57). Combination PLX4720 and anti-PD-L1
treatment in this model reduced tumor burden signifi-
cantly more than either single agent (56). In our analysis
of advanced DTC and ATC cases, the BRAFV600E muta-
tion was associated with increased TAL; however, the fre-
quency of CD8� T cells was not increased in mutant com-
pared with wild-type tumors. Furthermore, Treg
infiltration and PD-L1 expression were not associated
with mutation status. The effects of vemurafenib on the
immune response is actively under investigation in pa-
tients treated for advanced melanoma (NCT01942993).
These studies may encourage the use of BRAF inhibitors in
future combination therapies.

Lenvatinib is of particular interest for combination
therapy in advanced DTCs, given its efficacy as a single
agent. In addition to the direct effects of lenvatinib on
tumor angiogenesis, vascular endothelial growth factor
receptor inhibition may boost the ensuing antitumor im-
mune response. Proangiogenic vascular endothelial
growth factor (VEGF)-A is well documented in its ability
to inhibit DC maturation and to support the generation of
TAM and myeloid-derived suppressor cells (58–62). This
immunosuppressive cellular network likely supports the
induction and maintenance of Tregs through the produc-
tion of IL-10 and TGF� (63–65). Tregs also express vas-
cular endothelial growth factor receptor, and the inhibi-
tion of VEGF activity has been shown to inhibit Treg
proliferation (66). Furthermore, a recent study showed
that VEGF-A and its receptors directly inhibit CD8� T
cells through the up-regulation of PD-1 and other inhib-
itory molecules (67). Trials are in development to inves-
tigate the efficacy of PD-1 inhibition in combination with
lenvatinib.

Our data support the investigation of PD-1 checkpoint
blockades in patients with advance thyroid cancer. Future
clinical trials that use combination therapies to target both
the tumor and the immune response may generate more
durable responses in patients with aggressive tumors.
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