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Background: Immune checkpoint inhibitors (ICIs) frequently cause thyroid dysfunction but their underlying
mechanism remains unclear. We have previously demonstrated increased circulating natural killer (NK) cells
and human leukocyte antigen (HLA)-DR surface expression on inflammatory intermediate CD14+CD16+

monocytes in programmed cell death protein-1 (PD-1) inhibitor-treated patients. This study characterizes
intrathyroidal and circulating immune cells and class II HLA in ICI-induced thyroiditis.
Methods: This is a single-center prospective cohort study of 10 patients with ICI-induced thyroiditis by flow
cytometry of thyroid fine needle aspirates (n = 9) and peripheral blood (n = 7) as compared with healthy thyroid
samples (n = 5) and healthy volunteer blood samples (n = 44); HLA class II was tested in n = 9.
Results: ICI-induced thyroiditis samples demonstrated overall increased T lymphocytes (61.3% vs. 20.1%,
p = 0.00006), CD4-CD8- T lymphocytes (1.9% vs. 0.7%, p = 0.006), and, as a percent of T lymphocytes,
increased CD8+T lymphocytes (38.6% vs. 25.7%; p = 0.0259) as compared with healthy thyroid samples. PD-1
inhibitor-induced thyroiditis had increased CD4+PD1+ T lymphocytes (40.4% vs. 0.8%; p = 0.021) and
CD8+PD1+ T lymphocytes (28.8% vs. 1.5%; p = 0.038) in the thyroid compared with the blood. Circulating NK
cells, certain T lymphocytes (CD4+CD8+, CD4-CD8- T, gamma–delta), and intermediate monocytes were
increased in ICI-induced thyroiditis. Six patients typed as HLA-DR4-DR53 and three as HLA-DR15.
Conclusions: ICI-induced thyroiditis is a T lymphocyte-mediated process with intra-thyroidal predominance of
CD8+ and CD4-CD8- T lymphocytes. The HLA haplotypes may be involved but need further evaluation. These
findings expand the limited understanding of ICI-induced thyroiditis, which could be further translated to guide
immunomodulatory therapies for advanced thyroid cancer.
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Introduction

Thyroid dysfunction is the most common endocrine
immune-related adverse event (IRAE) of immune

checkpoint inhibitor (ICI) immunotherapy. Thyroid IRAEs
are more frequent with inhibitors of programmed cell death
protein-1 (PD-1) or its ligand (PD-L1) at a rate of 7–21% (1–
7) as compared with 0–6% with the cytotoxic T lymphocyte
antigen-4 (CTLA-4) inhibitor ipilimumab (3,5,6). Clinically,
thyroid IRAEs present as either new-onset hypothyroidism or
transient thyrotoxicosis, which is usually followed by pro-
gression to hypothyroidism or recovery to normal thyroid

function (1,2,4,8,9), with rare cases of persistent thyrotoxi-
cosis after CTLA-4 inhibitors (10,11).

Thyroid peroxidase (TPO) antibody, associated with Ha-
shimoto’s thyroiditis, has been implicated in ICI-induced
thyroiditis; but studies are conflicting (1,4,8), suggesting that
the inconsistent presence of TPO antibody may merely reflect
increased thyroid antigen exposure rather than a causal re-
lationship. Several hypotheses have been proposed that might
contribute to the development of thyroid IRAE, including ge-
netic susceptibilities linked to human leukocyte antigen (HLA)
haplotypes commonly associated with autoimmune thyroid
disorders, CTLA-4 or PD-1 polymorphisms, underlying thyroid
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autoimmune susceptibility, de-repressed T regulatory cell
functions, direct CD 8+ T lymphocyte toxicity, and/or cy-
tokine (interleukin-2, interferon-alpha) mediated thyroiditis
(12–17). More recently, histology from 2 cases of thyroid
IRAE has demonstrated abundant clusters of necrotic cells,
lymphocytes, and histiocytic cells (18,19); however, these
case studies did not further characterize the intra-thyroidal
immune cell phenotype.

While collectively these findings support that ICIs, espe-
cially inhibitors of PD-1/PD-L1, cause immune-mediated
thyroiditis, the precise underlying immune mechanisms have
not been identified. We (20) and others (4) have shown that
patients with thyroid IRAE have better overall survival,
suggesting that development of this side effect may be a
biomarker of response to ICI therapy in patients with ad-
vanced cancer. Elucidating the underlying mechanisms for
ICI-induced thyroiditis is important not only for predicting
the occurrence and severity of thyroiditis but also because
this information could guide selection of immunomodulatory
therapies for treatment of advanced, therapeutically refrac-
tory thyroid cancer patients.

We hypothesized that thyroid and peripheral blood im-
munophenotyping will identify cell types in ICI-induced
thyroiditis; and examination of HLA haplotypes may help
identify, as in other endocrinopathies, patients susceptible to
thyroiditis. In this regard, we have previously demonstrated
increased circulating CD56+CD16+ natural killer (NK) cells
and elevated HLA-DR surface expression in the inflamma-
tory intermediate CD14+CD16+ monocytes in anti-PD-1-
treated patients (1). To our knowledge, immunophenotyping
of thyroid fine needle aspirate (FNA) samples has not been
performed in ICI-induced thyroid disorders. In this study, we
aimed at identifying immune cells and HLA haplotypes as-
sociated with ICI-induced thyroiditis (referred to as thyroid
IRAE), and build on our prior study with a goal of under-
standing how ICIs target the thyroid gland.

Materials and Methods

Subject identification and case definition

Cancer patients receiving PD-1 or PD-L1 inhibitors at
Mayo Clinic, Rochester who developed thyroid dysfunction
between May 1st, 2018 and June 30th, 2019 were enrolled in
this Mayo Clinic Institutional Review Board (IRB) approved
prospective cohort pilot study. Screening thyroid function
tests (TFTs) consisting of thyrotropin (TSH), free thyroxine
(fT4), and/or total triiodothyronine (T3) were performed in
the majority of patients at baseline and in all patients every
three to four weeks or before each ICI dose. Subjects, both
cases and controls, were enrolled after an informed and
voluntary consent process. ICI-induced thyroiditis was de-
fined as previously published (1) when a patient had two or
more abnormal TFTs after starting an ICI, and in the absence
of other causes. Thyroid dysfunction was characterized as (a)
primary hypothyroidism, either overt defined by TSH ‡4.3
mIU/L and fT4 £ 0.8 ng/dL or subclinical defined by TSH
‡4.3 mIU/L and fT4 0.9–1.7 ng/dL; and (b) thyrotoxicosis,
either overt defined by TSH £0.2 mIU/L and fT4 ‡ 1.8 ng/dL
or total T3 ‡ 200 ng/dL, or subclinical defined by TSH £0.2
mIU/L, fT4 0.9–1.7 ng/dL, and total T3 80–200 ng/dL. Demo-
graphic, clinical, biochemical, and radiologic data were col-
lected, including prior treatment with other immunotherapies.

When available, 18-fluorodeoxy glucose (18FDG)-positron
emission tomography (PET) images were reviewed for the
presence or absence of increased 18FDG uptake within the
thyroid gland. All clinically indicated laboratory testing was
performed at the Mayo Medical Laboratory, Rochester, Min-
nesota. Our laboratory’s reference rages for adults are 0.3–4.2
mIU/L for TSH, 0.9–1.7 ng/dL for fT4, and 80–200 ng/dL for
total T3. Results of TPO antibody (reference range <9.0
IU/mL), TSH receptor antibody (reference range £1.75 IU/L),
thyroid-stimulating immunoglobulin (TSI) (reference range
£1.3 TSI index), and thyroglobulin antibody (reference range
<4.0 IU/mL) when tested were also collected.

Laboratory methods

Sample collection was performed within 2 weeks of ab-
normal TFTs in all except for 2 patients: 1 had sample col-
lected 2 months later, and the other only had blood collected
for HLA analysis. None of the patients experienced any ad-
verse events from participating in the study.

Peripheral blood immunophenotyping

To characterize the circulating immune phenotype in ICI-
induced thyroiditis, we performed flow cytometry on pe-
ripheral blood samples collected in K2EDTA tubes (Becton
Dickinson, Franklin Lakes, NJ) from 6 patients (5 PD-1 and 1
PD-L1) in addition to 7 patients reported by Delivanis et al.
(1). These profiles were compared with 44 healthy volunteers
whose circulating immune phenotype has been previously
reported (21). Un-manipulated whole blood was stained with
antibodies directly. Flow cytometry was performed on the
three-laser, 10-color Gallios Flow Cytometer (Beckman
Coulter, Brea, CA). All procedures, antibodies, flow proto-
cols, instrument settings, and gating strategies for peripheral
blood flow cytometry have been previously described in prior
publications by Gustafson et al. (22,23) and Delivanis et al.
(1). Analysis of the flow cytometry data was performed by
using Kaluza (Beckman Coulter) software, allowing quanti-
fication of the absolute number and percent of immune cell
subtypes. Descriptive statistics are reported as mean and
standard deviation, while categorical data are shown as
number and percentage. Comparisons between different co-
horts were tested for statistical significance via the Student’s
t-test by using a false discovery rate of 15%. All graphical
representations and statistical analyses were performed in
Prism 7 (GraphPad, San Diego, CA).

Thyroid FNA immunophenotyping

Thyroid FNA was performed with ultrasound guidance by
using 27 gauge needles for a maximum of 4 passes to obtain a
sufficient sample for flow cytometry. Samples were collected
in K2EDTA tubes with saline suspension from 9 thyroiditis
subjects (within 2 weeks of abnormal TFT in n = 8; 2 months
after abnormal TFT in n = 1), and from surrounding healthy
thyroid parenchyma in 5 subjects with benign thyroid nodules
who underwent FNA. To identify leukocyte populations in
the thyroid FNA sample, DuraClone IM Phenotyping Basic
Tubes (Beckman Coulter, Indianapolis, IN) were used.
Briefly, 10 lL of HLA-A, B, C PerCP (BioLegend, San
Diego, CA) and 1 lL of LIVE/DEAD Fixable stain for
405 nm excitation (ThermoFisher Scientific, USA) were
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added to the DuraClone IM tube. Then, 100 lL of sample was
added, blocked with 50 lL of mouse serum (Sigma-Aldrich,
St. Louis, MO), vortexed, and incubated for 15 minutes at
room temperature in the dark. The sample was lysed with
1 mL of Versa-Lyse lysing buffer (Beckman Coulter,
Indianapolis, IN) for 30 minutes in the dark at room tem-
perature. Flow-Count Fluorospheres (100 lL; Beckman
Coulter) were added and immediately followed by sample
analysis. CD45 and HLA-ABC were used to distinguish
leukocytes (CD45+HLA-ABC+) from nonhematopoietic
cells (CD45-HLA-ABC+) to enable the enumeration of cell
populations. This was followed by T lymphocyte, B lym-
phocyte, and NK cell analysis; this was subsequently fol-
lowed by a deeper analysis of T lymphocyte phenotypes. For
thyroid FNA flow cytometry, we used the Duraclone IM
tubes but gated the same way as previously published for
peripheral blood (23), and analyzed as mentioned earlier.

HLA class II typing

Low- to medium-resolution Class II HLA typing at HLA-
DRB1, DRB3/4/5, DQB1, and DQA1 loci was performed
by the reverse sequence-specific oligonucleotide (r-SSO)
method as per the manufacturer’s protocol (LabTYPE, One
Lambda, Canoga Park, CA).

Results

Patient characteristics

During the study period, we enrolled 10 patients with ICI-
induced thyroiditis (8 after PD-1 inhibitor and 2 after PD-L1
inhibitor). The most common malignancy was melanoma, the
median age was 61 years (range 39, 76), and 50% were fe-
males. Nine patients presented with thyrotoxicosis, of whom
7 progressed to overt hypothyroidism and 2 had normaliza-
tion of thyroid function; and 1 presented with primary hy-
pothyroidism. Other endocrine side effects occurred in 2
patients (diabetes mellitus in one and hypophysitis in the
other). Detailed patient characteristics are presented in
Table 1. Of these 10 patients, flow cytometry analysis was
performed on thyroid FNA in 8 patients within 1 week of
thyroiditis (compared with n = 5 healthy) and 1 patient 2
months later. Flow cytometry analysis was performed on
peripheral blood in 7 patients. The MHC class II haplotype
was tested in the peripheral blood of 9 patients.

Thyroid FNA immunophenotyping

The dot plots comparing an ICI-induced thyroiditis patient
and a healthy thyroid sample are presented in Figure 1A and
B. The ICI-induced thyroiditis samples had 5.9% and healthy
controls had 0.5% CD45+ white blood cells (WBCs) out of all
cells. Of the CD45+ WBCs, ICI-induced thyroiditis had re-
duced granulocytes (6.2% vs. 15.7%, p = 0.004), increased
mononuclear cells (93.8% vs. 84.3%, p = 0.004), and similar
overall lymphocytes (81.2% vs. 74.5%, p = 0.19) as com-
pared with healthy controls (Supplementary Table S1;
Fig. 2). Within the lymphocyte compartment, we observed
increased CD3+ T lymphocytes (61.3% vs. 20.1%,
p = 0.00006) with reduced CD19+ B lymphocytes (9.6% vs.
26.7%, p = 0.007), increased CD4+ T lymphocytes (34.5% vs.
13.2%, p = 0.005) but much more CD8+ T lymphocytes
(23.2% vs. 5.1%, p = 0.00006) (Supplementary Table S1;

Fig. 2), increased CD4-CD8- T lymphocytes (1.9% vs. 0.7%,
p = 0.006), and more but not statistically different NK cells,
as compared with healthy controls (Supplementary
Table S1). Within the T lymphocyte compartment, ICI-
induced thyroiditis had increased CD8+T lymphocytes
(38.6% vs. 25.7%; p = 0.026) with a corresponding but not
statistically significant decrease in CD4+ T lymphocytes
(55.6% vs. 66.2%; p = 0.063) as compared with healthy
controls (Fig. 2).

An in-depth analysis of T lymphocyte phenotypes was
performed on thyroid FNA samples from 6 patients within 2
weeks of thyroiditis diagnosis (4 after PD-1 inhibitor and 2
after PD-L1 inhibitor) (Supplementary Table S2). As a per-
centage of CD3+ T lymphocytes, we observed less
CD4+CD154+ (1.25% vs. 4.8%; p = 0.005), CD4+CD56+

(9.9% vs. 33.8%; p = 0.016), and CD4+CD28-CD56+ (2.4%
vs. 15.8%; p = 0.027) T lymphocytes in ICI-induced thy-
roiditis as compared with controls (Supplementary Table S2;
Fig. 3).

Peripheral blood immunophenotyping

Peripheral blood immunophenotyping was performed on 6
patients, expanding on our previously published cohort of 7
patients with pembrolizumab-induced thyroiditis (1). This
demonstrated fewer circulating CD19+ B lymphocytes (134.2
cells/lL vs. 218.8 cells/lL; p = 0.036) but increased circu-
lating CD16+56- NK cells (31.9 cells/lL vs. 20.1 cells/lL;
p = 0.024), CD4+CD8+ T lymphocytes (16.9 cells/lL vs. 10.4
cells/lL; p = 0.045), CD4-CD8- T lymphocytes (40.2
cells/lL vs. 25.2 cells/lL; p = 0.012), gamma–delta T lym-
phocytes (34.9 cells/lL vs. 16.9 cells/lL; p = 0.005), and
intermediate monocytes (59.4 cells/lL vs. 37.3 cells/lL;
p = 0.021) as compared with healthy volunteers (n = 44)
(Supplementary Table S3; Fig. 4).

Comparing thyroid and peripheral blood
immunophenotyping in ICI-induced thyroiditis

ICI-induced thyroiditis patients (n = 8 samples collected
within 2 weeks) had increased intra-thyroidal CD3+ and
CD8+ T lymphocytes but not significantly different in blood
(n = 13) as compared with healthy volunteers (n = 44). On the
other hand, NK cells and intermediate monocytes were in-
creased in the blood but not significantly different in the
thyroid as compared with controls. B lymphocytes were less
and CD4-CD8- T lymphocytes were more in both the thyroid
and blood in ICI-induced thyroiditis patients as compared
with controls.

An in-depth analysis of T lymphocyte phenotypes dem-
onstrated that among ICI-induced thyroiditis patients,
CD4+CD28+ (68.1% vs. 92.2%; p = 0.023) but not
CD8+CD28+ T lymphocytes (64.7% vs. 83.1%; p = 0.14)
were less in thyroid (n = 6) as compared with the blood
(n = 6). PD-1 inhibitor-induced thyroiditis (n = 4) had more
CD4+PD1+ (40.4% vs. 0.8%; p = 0.021) and CD8+PD1+ T
lymphocytes (28.8% vs. 1.5%; p = 0.038) in the thyroid
compared with being almost absent in the blood (Fig. 3).
These patients also had significantly less CD4+PD1+ and
CD8+PD1+ T lymphocytes in the blood as compared with
healthy volunteers, similar to that previously reported by our
laboratory (1). On the other hand, PD-L1 inhibitor-induced
thyroiditis (n = 2 thyroid and n = 1 blood; statistical testing
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not feasible) demonstrated similar CD4+PD1+ and CD8+PD1+

T lymphocytes in the thyroid and blood, with blood values
being much higher than those in PD-1 inhibitor-induced thy-
roiditis (Fig. 3).

Class II HLA types

Testing of Class II HLA was performed in peripheral blood
from 9 thyroiditis cases, demonstrating that 6 typed as HLA-
DR4-DR53 and 3 typed as HLA-DR15. Details for individual
patients are given in Table 1.

Melanoma patient with papillary thyroid cancer

Included in this study is a 40-year-old female with a
metastatic melanoma who on staging 18FDG-PET was found
to have an incidental 18FDG avid thyroid nodule measuring
1.4 · 0.9 · 0.9 cm (volume 0.57 mL), diagnosed as papillary
thyroid cancer (PTC) on FNA cytology, but was observed
conservatively given her advanced melanoma. She was ini-
tiated on PD-1 inhibitor pembrolizumab every three weeks,
which she continued for one year, achieving a complete re-
sponse by response evaluation criteria in solid tumors. After

FIG. 1. (A) Thyroid fine needle aspirate immunophenotyping dot plots in a patient with PD-1 inhibitor-induced thy-
roiditis. (B) Thyroid fine needle aspirate immunophenotyping dot plots in a volunteer with healthy thyroid. PD-1, pro-
grammed cell death protein-1.
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1 year of therapy, the PTC significantly regressed to a size of
0.7 · 0.3 · 0.3 cm (volume 0.03 mL), thus showing a 95%
reduction in volume along with resolution of 18FDG uptake
(Fig. 5A, B). This patient also developed hypophysitis
manifesting as central hypothyroidism and secondary adrenal
insufficiency. Statistical comparison was not feasible but this
patient had more circulating overall T lymphocytes (1720.7
vs. 1116), specifically CD8+ (678 vs. 323.2) and CD4+CD8+

(20.8 vs. 10.4), as well as CD56+CD16+ NK cells (233 vs.
147.4) as compared with healthy volunteers (Supplementary
Table S3; Fig. 4). Repeat FNA did not yield enough sample
for cytology or immunophenotyping, consistent with re-

gression of the nodule. HLA class II evaluation demonstrated
DR53DR51DR7DR15DQ2DQ6.

Discussion

In the present pilot study, PD-1/PD-L1 inhibitor-induced
thyroiditis was associated with increased intra-thyroidal
CD8+, PD1+, and CD4-CD8- T lymphocytes as compared
with controls, suggesting their prominent role in the mecha-
nism. We also observed increased circulating subtypes of
T lymphocytes (CD4-CD8-, gamma–delta, CD4+CD8+),
subtypes of NK cells, and intermediate monocytes, with a

FIG. 2. Thyroid fine needle aspirate immunophenotyping data comparing thyroid IRAE samples collected within 2 weeks
of diagnosis (n = 8) and healthy thyroid samples (n = 5). *p-value <0.05; **p-value <0.01; ***p-value <0.001; ****p-value
<0.0001. IRAE, immune-related adverse event.

FIG. 3. Thyroid fine needle aspirate further T cell phenotype analysis comparing thyroid IRAE samples collected within 2
weeks of diagnosis (n = 6) and healthy thyroid samples (n = 3) (left panel) and comparing thyroid and blood in PD-1 inhibitor-
induced thyroiditis (n = 4) (right panel). *p-value <0.05; **p-value <0.01; ***p-value <0.001; ****p-value <0.0001.
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corresponding decrease in B lymphocytes. To our knowl-
edge, this study is the first to comprehensively characterize
the immune phenotype in both the thyroid and blood of pa-
tients with ICI-induced thyroiditis.

The preferential increase in T lymphocytes, specifically
CD8+, in the thyroid but not in the blood of ICI-induced
thyroiditis patients as compared with healthy controls could
represent expansion of intra-thyroidal T lymphocytes or in-
filtration from circulating T lymphocytes. CD4-CD8- (dou-
ble negative) T lymphocytes were increased in the blood and
thyroid of patients with thyroiditis as compared with healthy
volunteers. This cell population likely contains a large pop-
ulation of gamma–delta T lymphocytes that have been linked
to potentiating Hashimoto’s thyroiditis through increased
antibody production (24). In addition, these self-reactive,
pro-inflammatory effector cells have been shown to infil-
trate inflamed tissues and contribute to organ damage (25).
The decrease in all lymphocyte populations two months
after ICI-induced thyroiditis in a patient suggests that the
inflammatory process is reversible within the thyroid gland
itself, which may predict biochemical recovery, but needs
further investigation.

Increased circulating subtypes of NK cells, CD4+CD8+ T
lymphocytes, gamma–delta T lymphocytes, and intermediate
monocytes in thyroiditis patients as compared with healthy
volunteers could be independent of the thyroiditis process,
reflecting either cancer or ICI-induced changes. However,
NK cells were increased in the thyroid of one patient who
developed overt thyrotoxicosis followed by hypothyroidism
and also hypophysitis; hence, it could be a marker for more

severe and multiple endocrine IRAEs. The expression of
CD4 and CD8 co-receptors on mature T cells is generally
considered to be mutually exclusive; however, CD4+CD8+ T
lymphocytes have been demonstrated in the target organ af-
fected by several autoimmune conditions, including auto-
immune thyroiditis (26), atopic dermatitis (27), systemic
sclerosis (28), and rheumatoid arthritis (29), suggesting their
role in these autoimmune conditions. Their increased num-
bers in blood of thyroiditis patients could suggest their role in
ICI-induced thyroiditis as well. T lymphocytes expressing
the gamma–delta form of the T cell receptor are a distinct
functional class whose physiologic role is not clearly un-
derstood. In normal individuals, the great majority of these
cells are double negative (CD4-CD8-), in fact reflecting a
concordant intra-thyroidal increase in this population. Much
remains to be learned regarding the physiologic role (s) of
these cells but it has been postulated that they probably
contribute more to immunoregulation and tissue repair than
to immunoprotection (30). We postulate that lower in-
trathyroidal and circulating B lymphocytes in thyroiditis
patients suggest a shift of the immune phenotype toward an
increase in T lymphocytes with a corresponding decrease in
B lymphocytes.

Further, T lymphocyte immunophenotyping was consis-
tent with the preferential intra-thyroidal increase in CD8+ as
compared with CD4+ T lymphocytes in ICI-induced thy-
roiditis. PD-1 inhibitor-induced thyroiditis had more intra-
thyroidal CD4+PD1+ and CD8+PD1+ T lymphocytes as
compared with being almost absent in the blood; whereas
PD-L1 inhibitor-induced thyroiditis had similar numbers of

FIG. 5. Ultrasound and 18FDG-PET scan of patient with melanoma and papillary thyroid cancer (A) demonstrating
regression in size and resolution of 18FDG avidity of papillary thyroid cancer one year after Pembrolizumab therapy for
melanoma (B). 18FDG, 18-fluorodeoxy glucose; PET, positron emission tomography.
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these cells in thyroid and blood, with circulating values being
much higher than those in PD-1 inhibitor-induced thyroiditis.
As previously reported by our lab (1), circulating PD-1+ T
lymphocytes in PD-1 inhibitor-treated patients were almost
absent, indicating either loss or impaired detection of these
cell types. Unexpectedly, we did observe intra-thyroidal
PD1+ T lymphocytes in thyroiditis patients, which could
represent resident thyroid T lymphocytes not blocked by the
PD-1 inhibitor or perhaps related to assay methodology. In
limited prior studies, expression of PD-L1 is low to absent in
normal thyroid, but it is increased in Hashimoto’s thyroiditis
and thyroid cancer (31,32). Thus, the presence or absence of
PD-L1 with intra-thyroidal PD1+ T lymphocytes may impact
susceptibility to thyroiditis from ICIs.

HLA class II types DR3 and DR4 have been reported to be
associated with autoimmune thyroid disorders, Graves’ dis-
ease (33,34) more frequently than Hashimoto’s thyroiditis
(35,36). HLA class II molecules have also been reported to be
aberrantly expressed on thyroid follicular cells from patients
with autoimmune thyroid disease (37,38), but not normal
subjects. Hence, we tested the peripheral blood HLA class II
in patients with thyroiditis. Although 6 out of 9 patients with
thyroiditis shared HLA-DR4-DR53, the sample size is lim-
ited to make any conclusive statement about HLA association
with this disease.

With this knowledge of ICI-induced thyroiditis and the
recent use of these agents in advanced thyroid cancer, the
regression of PTC with PD-1 inhibitor therapy for metastatic
melanoma in a 40-year-old female prompted us to analyze
her immune phenotype and HLA haplotype. Due to tumor
regression, enough samples could not be obtained for thyroid
flow cytometry but she had similar to more circulating T
lymphocytes (CD8+ and CD4+CD8+) and NK cells as com-
pared with ICI-induced thyroiditis and more than healthy
volunteers. This patient also shared peripheral blood HLA
DR15:01 with 3 PD-1 inhibitor-induced thyroiditis patients.
We postulate that thyroid cancer responsiveness is guided by
a possible immune similarity to patients who are predisposed
to ICI-induced thyroiditis; however, these preliminary ob-
servations need to be validated in ICI-treated advanced thy-
roid cancer patients.

This pilot study has a number of limitations, including the
limited sample size leading to lack of power for more com-
parisons of T cell phenotypes and HLA haplotypes. The ab-
sence of a comparison group of ICI-treated patients who did
not develop thyroiditis precludes us from reporting with
certainty that the immune phenotypes in ICI-induced thy-
roiditis were not due to the ICI therapy by itself. Healthy
thyroid and blood samples were obtained from different
groups of volunteers without any thyroid dysfunction or
cancer, but those who had thyroid FNA did have benign
nonfunctioning thyroid nodules. Lack of flow cytometry in
ICI-treated patients before development of thyroiditis pre-
cludes us from definitively identifying a predisposing im-
mune phenotype; however, characterizing the immune
phenotype at the time of thyroiditis is a significant advance in
this field.

To conclude, we have demonstrated that ICI-induced
thyroiditis is a T lymphocyte-mediated process with intra-
thyroidal predominance of CD8+, PD1+, and CD4-CD8- T
lymphocytes. The circulating immune phenotype may also
provide a glimpse of the intra-thyroidal status or may suggest

additional cell types involved in this process. The HLA hap-
lotype may contribute to this process but requires further
evaluation. These findings expand the limited current under-
standing of ICI-induced thyroiditis, for which identification of
an antigen source may translate to novel immunomodulatory
therapies for advanced thyroid cancer.
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